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Extensive research on the rocks of the Karoo Supergroup has shown that this sequence, which
contains an unsurpassed record of Permian–Jurassic tetrapods, records a largely unbroken
stratigraphic succession from 300 Ma to 180 Ma. This Gondwanan succession was deposited
in a changing environmental setting reflecting glacial marine through deltaic to fluvial and
aeolian desert conditions. The contact between the Ecca and Beaufort Groups (at the top of
the Waterford Formation of the Ecca Group) in the southern and western Karoo represents a
change in depositional environment from a subaqueous to a subaerial delta plain. By contrast,
the Waterford Formation has not yet been recognised in the south-eastern Karoo Basin, which
might imply that a major unconformity is present between the Fort Brown Formation of the
Ecca Group, deposited in a prodelta environment, and the overlying fluvially deposited
Koonap Formation of the Beaufort Group. From careful documentation of lithofacies and
sedimentological data, it can be demonstrated that the Waterford Formation is indeed present
in the south-eastern part of the basin and that no major unconformity is present – a fact that
has implications for the mapping of Karoo rocks in the Eastern Cape Province of South Africa,
for understanding the depositional environment of ’reptilian‘ fossils from the lowermost
Beaufort in this part of the Karoo basin, and for basin development models.

Introduction
The Karoo Supergroup, deposited in a subsiding retro-arc foreland basin environment,1,2 records
a largely unbroken stratigraphic succession from the Carboniferous to the mid-Jurassic and
is internationally renowned for its wealth of fossil tetrapods.3 More recently it was suggested
that the initial Karoo Basin formed as a result of block subsidence along major marginal faults.4
The nature of the lithostratigraphic contacts between the four groups of the Karoo Supergroup
(Dwyka, Ecca, Beaufort and ‘Stormberg’) has been the subject of much discussion. Whilst
consensus has been reached regarding the Dwyka–Ecca contact5 and the Beaufort–‘Stormberg’
contact,6,7 the Ecca–Beaufort contact is still the subject of debate.8,9,10,11,12 Researchers agree on the
contact in the southern and western Karoo Basin9,13,14 where it is taken at the top of the Waterford
Formation of the Ecca Group and represents a shoreline transition from a subaqueous delta
plain to a subaerial delta plain environment. By contrast, in the south-eastern part of the basin
(map sheet: Republic of South Africa 3326, Grahamstown, 1:250 000 Geological Series 1995), the
Waterford Formation has not been recognised and the Ecca–Beaufort contact is presently placed
at the top of the Fort Brown Formation (Ecca Group) and the base of the Koonap Formation
(Beaufort Group).15 As the Fort Brown Formation is considered to have been deposited in a
deep water prodelta environment9,15,16,17 and the Koonap in a subaerial fluvial environment,15,16,18
acceptance of this mapping could imply that a major unconformity exists between the Fort Brown
and Koonap Formations, which is in sharp contrast to currently accepted basin development
models. However, the basal part of the Koonap Formation contains characteristics of deltaic
sedimentation14,19 and should be remapped as Waterford Formation.20

Results
Extensive fieldwork in the area covering the contact between the Ecca and Beaufort Groups in
the area north of Grahamstown has revealed the presence of three separate facies associations
corresponding to those present across the Ecca–Beaufort contact in the south-western, western
and central parts of the Karoo Basin9 (Figures 1 and 2).
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Facies Association 1 comprises mainly a thick argillaceous sequence of dark bluish-grey
(10B 2.5/1) to greyish-black (5B 3/2) siltstone. Thin (< 1 cm) light brown (5YR 5/8) siltstone
laminae become more prevalent towards the top of Facies Association 1 suggesting an increase
in depositional energy.21 Bedding plane surfaces display fragmentary fossilised plant material
equivalent to the coffiegrounds previously described in the uppermost Fort Brown Formation in
the south-western part of the basin,9 as well as horizontal feeding traces and vertical and horizontal
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FIGURE 1: Geological map of the study area showing the distribution of the Fort Brown, Waterford and Koonap Formations.

burrows. The fine-grained nature of the rocks, coupled to the
paucity of cross lamination indicates deposition primarily by
suspension settling.22 The dark colouration is ascribed to a
high organic content, as is the case with the equivalent facies
in other parts of the basin.9,16
Facies Association 2, which is more arenaceous, comprises
five facies which can be recognised throughout the study
area, and in fact across the entire basin: Facies A to E. Facies
A consists of alternating beds of mudrock and sandstone
with abrupt lower contacts (Figure 3). The sandstones are
brownish-grey (5YR 4/1) ripple-laminated units whereas
the siltstones are dark blue to grey (10BP 2.5/1) and are
horizontally laminated. Symmetrical ripples with straight or
sinuous crests are present on the sandstones. The only fossils
are densely packed horizontal feeding traces on some ripple
surfaces. Alternating sandstone and mudrock beds within
this facies represent deposition under fluctuating energy
conditions. The finer-grained beds consist of flat bedding
indicative of low energy deposition by suspension settling,23
whereas ripple lamination in the arenaceous beds, as well as
in the abrupt and erosional bases, indicate deposition under
http://www.sajs.co.za

lower flow regime conditions.24 The repetitive nature of the
beds indicates a pulsatory depositional system.
Facies B comprises dark blue to grey (10B 2.5/1), horizontally
bedded siltstones with abrupt or gradational lower and
upper contacts. Horizontal invertebrate burrows and
fragmentary palaeoniscid fish scales have been recorded.
This facies occurs at different stratigraphic horizons in the
Facies Association 2 sequence but is more abundant in the
lower horizons (Figure 2).
Facies C comprises thin (< 0.5 m) light brown (5YR 5/8)
sandstone beds which are horizontally or ripple laminated
and have erosional bases. The lateral extent of the beds is
difficult to ascertain as a result of poor outcrop. The facies
comprises only a small percentage of the overall lithology of
Facies Association 2 and is more common towards the upper
part (Figure 2). The thin nature of the beds and abrupt upper
and lower contacts, together with their lenticular geometries,
suggests that these represent subaqueous splay and channel
fills.9,25
S Afr J Sci 2012; 108(3/4)
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FIGURE 3: Rhythmic sandstone-mudstone couplets of Facies A on Coniston.
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FIGURE 2: Stratigraphic sections though the Fort Brown, Waterford and Koonap
Formations at the three study sites in the Grahamstown district.

Facies D comprises thick (> 0.5 m) beds of bluish-grey
(5B 7/1) horizontally or ripple-laminated sandstone. The
convex basal contacts are erosional and in many places
contain flame structures when underlain by argillaceous
beds. The sandstones are more extensive than those of
Facies C and may extend more than 100 m laterally. This
facies becomes more abundant towards the top of the Facies
Association 2 sequence, producing an overall upward
coarsening trend to the succession. Matrix supported,
well-rounded intraformational mud pebble horizons with
no apparent imbrication occur in places within Facies D
sandstones, whilst thin mud flakes resembling ‘acicular
structures’25 also occur at various horizons. These structures
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Scale: 60-mm lens cap diameter.

FIGURE 4: Ball-and-pillow structure in Facies E sandstone, Signal Hill.

are thought to represent the crests of ripples that have been
reworked during high-energy subaqueous flow.26,27 The
erosive nature of the basal contacts suggest relatively high
energy conditions as is indicated by flat bedding and dense
pebble beds.28 This lithofacies is considered to represent
distributary mouth bar and subaqueous channel deposits.9
Facies E incorporates 0.5-m to 26-m thick sandstones
with soft-sediment deformation structures (Figure 4).
Preserved internal beds display horizontal and ripple cross
lamination. Basal contacts are abrupt or loaded, with flame
structures present when the bed overlies an argillaceous
facies. The upper contact of this lithofacies is abrupt. The
facies is abundantly present throughout the study area
(Figure 2). The absence of orientated slump axes suggests
that the soft sediment deformational structures are not the
result of slumping, but are rather ball-and-pillow structures
caused by a density inversion where relatively dense strata
have collapsed into the less-dense underlying beds.29
Facies Association 3 overlies Facies Association 2 throughout
the study area as is the situation in the south-western part
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of the basin.6 Facies developed in this part of the succession
are similar to those recognised for the south-western part of
the basin6 and comprise eight fluvially generated lithofacies
following the scheme of Miall30,31. Description of these facies
is the subject of another article.

Conclusion
The fact that the five facies of Facies Association 2 are the
same as those described for the Waterford Formation in the
southern and western part of the basin,9,13 coupled with the
fact that this facies association is situated stratigraphically
between the Fort Brown and Koonap Formations, indicate
that this succession should be remapped as Waterford
Formation, as it is known elsewhere in the basin. This facies
association presently occurs within the lower part of the
Koonap Formation and overlies the argillaceous Fort Brown
Formation. This proposed Waterford Formation, which we
have mapped throughout the study area (Figure 1), thins in
an easterly direction from 210 m at Carlisle Bridge to 70 m
north of Fort Brown. Despite the fact that it is relatively thin, it
is easily recognisable and mappable and should be included
in future revisions of the Grahamstown geological map. The
Waterford Formation in the south-eastern part of the Karoo
Basin was deposited in a subaqueous delta plain depositional
environment.9,17,19 Recognition of its presence indicates that
no subaerial unconformity is present on the Beaufort–Ecca
contact in this part of the basin and has implications for basin
development models. This fact resolves the apparent enigma
of the presence of an unconformity at the contact in this part
of the basin. The absence of a subaerial unconformity is in
line with current basin models that suggest the generation
of accommodation space in the foredeep from Fort Brown to
Waterford times, with the boundary between the Waterford
Formation and the Beaufort Group representing the
changeover from a filled phase of shallow marine deposition,
to an overfilled phase of fluvial deposition.

Research Letter

Authors’ contributions
B.S.R. was the project leader and was responsible for writing
the article; P.J.H. assisted with the project article and writing
the paper; R.M. undertook his MSc in the study area and was
responsible for mapping and stratigraphic sections.

References
1. Johnson MR. Sandstone petrography, provenance and plate tectonic
setting in Gondwana context of the southeastern Cape-Karoo Basin. S Afr
J Geol. 1991;94:137–154.
2. Catuneanu O, Hancox PJ, Rubidge BS. Reciprocal flexural behaviour and
contrasting stratigraphies: A new basin development model for the Karoo
retroarc foreland system, South Africa. Basin Res. 1998;10:417–439. http://
dx.doi.org/10.1046/j.1365-2117.1998.00078.x
3. Rubidge BS. Re-uniting lost continents – Fossil reptiles from the ancient
Karoo and their wanderlust. S Afr J Geol. 2005;108:135–172. http://dx.doi.
org/10.2113/108.1.135
4. Tankard A, Welsink H, Aukes P, Newton R, Stettler E. Tectonic evolution of
the Cape and Karoo basins of South Africa. Mar Petrol Geol. 2009;26:1379–
1412. http://dx.doi.org/10.1016/j.marpetgeo.2009.01.022
5. Visser JNJ. Changes in the sediment transport direction in the Cape-Karoo
Basin (Silurian-Triassic) in South Africa. S Afr J Sci. 1979;75:72–75.
6. Hancox PJ. A stratigraphic, sedimentological and palaeoenvironmental
synthesis of the Beaufort-Molteno contact in the Karoo Basin. PhD thesis,
Johannesburg, University of the Witwatersrand, 1998.
7. Visser JNJ. A review of the Stormberg Group and Drakensberg volcanics in
southern Africa. Palaeont Afr. 1984;25:5–27.
8. Rubidge BS. South Africa’s oldest land living reptiles from the EccaBeaufort transition in the southern Karoo. S Afr J Sci. 1987;83:165–166.
9. Rubidge BS, Hancox PJ, Catuneanu O. Sequence analysis of the EccaBeaufort contact in the southern Karoo of South Africa. S Afr J Geol.
2000;103:81–96. http://dx.doi.org/10.2113/103.1.81
10. Smith AM, Zawada PK. The Ecca-Beaufort transition zone near Philipstown,
Cape Province: A marine shelf sequence. S Afr J Geol. 1988;91:75–82.
11. Visser JNJ, Loock JC. The nature of the Ecca-Beaufort transition in the
western and central Orange Free State. Trans Geol Soc S Afr. 1974;81:185–
191.
12. Zawada PK, Cadle AB. Position of the Ecca-Beaufort contact in the
southwestern Orange Free State: An evaluation of four possible
alternatives. S Afr J Geol. 1987;91:49–56.
13. Welman J, Loock JC, Rubidge BS. New evidence for diachroneity of the
Ecca-Beaufort contact (Karoo Supergroup, South Africa). S Afr J Sci.
2001;97:320–322.
14. Wickens HdV. Basin floor fan building turbidites of the southwestern
Karoo Basin, Permian Ecca Group, South Africa. PhD thesis, Port Elizabeth,
University of Port Elizabeth, 1994.
15. Johnson MR, Le Roux FG. The geology of the Grahamstown area. Council
for Geosciences. The Geological Survey of South Africa explanation sheet.
1994;3326:1–41.

Acknowledgements
We acknowledge the assistance of Billy de Klerk and the
fieldwork assistance of Emese Bordy, Charlton Dube and
Nthaopao Ntheri. Emese Bordy is also thanked for helpful
discussions on lower Karoo stratigraphy in the Grahamstown
district. Tony and Lynne Phillips; Colin, Richard and Joyce
Were; Reg and Daphne Bowker; Vaughn Sparrow; Koenie de
Preez; Kevin and Adele Bowker; and Brad Fyke are thanked
for generous access to their properties for the purposes of
fieldwork. We are grateful to the DST, NRF, PAST and the
University of the Witwatersrand for financial support. Lynn
Whitfield and Diane du Toit are thanked for illustrations.

Competing interests
We declare that we have no financial or personal relationships
which may have inappropriately influenced us in writing
this article.

http://www.sajs.co.za

16. Johnson MR. Stratigraphy and sedimentology of the Cape and Karoo
sequences in the Eastern Cape Province. PhD thesis, Grahamstown,
Rhodes University, 1976.
17. Kingsley CS. Stratigraphy and sedimentology of the Ecca Group in the
Eastern Cape province, South Africa. PhD thesis, Port Elizabeth, University
of Port Elizabeth, 1977.
18. Catuneanu O, Bowker B. Sequence stratigraphy of the Koonap and
Middleton fluvial formations in the Karoo foredeep South Africa. J Afr Earth
Sci. 2001;33:579–595. http://dx.doi.org/10.1016/S0899-5362(01)00095-1
19. Kingsley CS. Depositional framework as basis for defining the EccaBeaufort transition in the Karoo Basin [Abstract]. Proceedings of the
Symposium on Stratigraphic Problems relating to the Beaufort–Ecca
Contact; 1987 Apr 15–16; Pretoria, South Africa. Pretoria: Geological
Survey of South Africa, 1987; p. 3–4.
20. Cole DI. Proposed stratigraphic revision of the Adelaide Subgroup in the
southern part of the main Karoo Basin, South Africa. Report No. 20060292:11p. Pretoria: Council for Geoscience; 2006.
21. Ridente D, Trincardi F. Pleistocene ‘muddy’ forced-regression deposits
on the Adriatic shelf: A comparison with prodelta deposits of the late
Holocene highstand mud wedge. Mar Geol. 2005;222:213–233. http://
dx.doi.org/10.1016/j.margeo.2005.06.042
22. Selley RC. Applied sedimentology. London: Academic Press; 2000.
23. Boggs S. Principles of sedimentology and stratigraphy. 2nd ed. New
Jersey: Prentice-Hall; 1995.

S Afr J Sci 2012; 108(3/4)

Page 5 of 5

24. Reineck HE, Singh IB. Depositional sedimentary environments. Berlin:
Springer; 1975.
25. Rubidge BS. A palaeontological and palaeoenvironmental synthesis of
the Permian Ecca-Beaufort in the southern Karoo between Prince Albert
and Rietbron, Cape Province, South Africa. PhD thesis, Port Elizabeth,
University of Port Elizabeth, 1988.
26. Stauffer PH. Grain-flow deposits and their implications: Santa Yves
Mountains, California. J Sedim Petrol. 1967;37:487–508.
27. Tankard AJ. On the depositional response to thusting and lithospheric
flexure: Examples from the Appalachian and Rocky Mountain basins. In:
Allen PA, Homewood P, editors. Foreland basins. Oxford: Blackwell, 2009;
p. 367–392.

http://www.sajs.co.za

Research Letter

28. Massari F, Grandesso P, Stefani C, Jobstraibizer PG. A small polyhistory
foreland basin evolving in a context of oblique convergence: The Venetian
Basin (Chattian to Recent, Southern Alps, Italy). In: Allen PA, Homewood
P, editors. Foreland basins. Oxford: Blackwell Scientific, 2009; p. 141–168.
29. Mills PC. Genesis and diagnostic value of soft-sediment deformation
structures – A review. Sed Geol. 1983;35:83–104. http://dx.doi.
org/10.1016/0037-0738(83)90046-5
30. Miall AD. The geology of fluvial deposits: Sedimentary facies, basin
analysis and petroleum geology. Berlin: Springer-Verlag; 1996.
31. Miall AD. The geology of stratigraphic sequences. Berlin: Springer-Verlag;
1997.

S Afr J Sci 2012; 108(3/4)

