0 - . - . e ST TR v . R = T BT LIS T R TR
» hoey §
] ¥ "'{. H
; . .

"‘r&"ﬁh S

ROMER, A.S. 1943, Reecent mounts of fossil roptiles and amphibians in the
Museum of Comparative Zaeleay. Bull. Mus.comp.Zeal.Harv.,42, 331-338.
seeennsens 1947, Roviow of the labyrin hedonts, Bull. Mus.cemp.Zoal.Horv., 89,3 -
352,
w1870, Middle Triassic tetraped faunas of South  Ameriea.
Aet.v.Cangr.Latinoam.Zeol., 2, 1101-1117.
ceeneecnrenes 1972, The Chanares {Argentina) Trioasie reptile fauna XVIL. The Chanares
gomphodents. Breviora., 396, 1-9.
aeeeneee 19730 Tho Chonares (Argentina) Triogsie reptile fauna XX, Summary.
N Breviora., 413, 1-20.
. ‘ ROSS, A.G. otal {In Prep.). Pangea Working Group 3: Propased now timeseale for
o the Pormian and Triossic periods.
RUBIDGE, B.S. 1987. Seuth Africa's oldest land-living roptiles from the-Esea-
. Boaufort trangition in the southorn Kareo, S.Afr.J.8ef,, 83, 165-166.,
wenwane 1888, A polecontelogical and palacoenviranmental synthesis of the
Pormian Eeeca-Beaufort contact between Prinee Albert and Rietbron, Cape
Pravince, Seuth Africa. Unpupl.PhD thesis, University of Pert Elizabeth,
Seuth Africa.
menences 18900 A now vertebrate biozone at the base ef the Boaufert Group,
Kareo sequence (South Afriea). Palacont.afr., 27, 17-20.
weeasens JOHNSON, MR, KITCHING, J.W., SMITH, R.M.H., KEYSER, AW. & *
GROENEWALD, G.H. 1988, An intreduction to the biezenation of the Beaufort
Group. fn: Rubidge, B.S. (Ed). Reptifian biestratigraphy ef the Pormian-
Triassie Beaufort Group (Karee Supergroup). SACS Biostratigraphie Series., 1,
12,
RUST, B.R, 1872. Strueture and preeess in o Braided river. Sedimentology., 18,
221-248,
weeeeeees 1978, A clogsification of olluvial gharnal systems. /s Miall, A.D, (Ed).
Fluvial Sedimentelogy. Mem.Can.Soc.petrol.Geol, 8, 187-198. 7
cananses & GIBLING, MCR. 1990, Three-dimensional antidunes ps HCS mimies in k ‘

TR

B . > fluvial sandstone: The Penngylvanian South Bank Formation near Sydnoy,
: P Nova Seoua. J.sedim.Potrol. 60, 59-72. *
¥ .
oy - 366
SN i :




,“‘
F‘
u }
5
i
PR

-
o
f',k

K]

H

o
*ﬁ\ﬁ =

wreess & JONES, B.G. 1987, The Hawkesbury Sondstono south of Sydnoy,
Australin: triassic analague for the deposit of a large braided river.
J.sedim.Potrol, 87, 222-233.

RUST, L.C. 19588, On the sedimontation of the Molteno sandstones in the vicinity
af Maitene, Cape Previnco. Unpubl.MSe.thesis. University of Stellenbesch,
South Africa,

wen 1962, On the sedimentation of the Molteno sandstencs in the vieinity
of Melteno, Cape Pravinco, Ann,Univ.Stell.,37,Scr a, No.3, 166-236.

wsenees 1975, Teoctonie ond sedimontary framowork of Gendwana Basing in
southorn Africa. Third Gondwana Sympeosium, Australia, 561-564,

RYAN, P.J. 1968. Petrology. Origin and dopesition of the Maltena stage in the
Indwe area of the Nerth Eastern Cape Pravinge. Velumes 1 & 2.
Unpubl.MS8e.thasis, University of the Witwatersrand, Johannosburg, South
Africa.

RYER, T.A, & LANGER, A.W. 1980, Thicknoss changes invelved in tho peat-te-coal
transformation for a bitumous con! of Crotaccous age in contral Utah.
J.sedim. Petrol.,.50, 987-992,

SANDER, M.P. 1992, The Nerian Platcesaurus boneheds of eentral Europe and
their taphenemy. Polavegeugr.Palaeaclimat.Palaeaecal, 83, 255-289,

SAVE-SODERBERGH, G. 1935, On tha dermial bones of tho hoad in Labyrinthedont
Stagocophalians and primitive Reptitia with spoeial reforongo te Eotriassic
stegocephalions from East Greenland. Meddo.om.Grond.,98(3), pp 211.

SCHREIBER, U.M., ERIKSSON, P.G., VAN DER NEUT, M. & SNYMAN, C.P. 1992,
Soedimentary petrography of the Early Proterezeic Preturia Group, Transvaol
Sequence, South Africa: implications for toetonie setting. Sedimentary
Goolegy., 80, 89-103.

SCHULTZE-MOTEL, J. 1966. Ergebrisso dor Foerschungorcise Richard Kriusels
1854 nach Sid-und Sidwost-Afrika: Gymnospermen - Holzer aus dor
Oberkrotazichon  Umzambasehichten ven  Ost-Pondoland  {S-Afrika).
Sonckensberg.Joth, &7, 279-337.

367

Y/'/




fy® nor AR i bl i et T

SCHUMM, 8.A. 1872, Fluvial paloochannels, /n: Rigby, J.K. & Hamblin, W.K, {Eds).
Reeognition of Anciont Sedimentary Environments. Socicty of Economic
Poloontologists and Mineraloegists Speeial Publication., 16, 88-107.

wennnnenne 1977, The Fluvial System. Wiley, Now Yok, pp 338.

SCHWARTZ, E.H.L. 1903. Report on part of the Mataticle Division with an aceount
of the petragraphy of the volcanic rocks. Annual Report of the Geolegical
Commission of the Cape ef Coed Hope, 11-98.

SEELEY, H G. 1888. Researches on tho Structure, Organization and Classification
of the fossil Reptilia. Phil. Trans. *.Sae,,179, 598-109.

weaeennse 1889, Researches on the Structure, Organisation and Classificatien of
the Fossil Reptilia - VI, On the Anomodont Reptilin and their Allies".
Phil, Trans.Roy. Soe., 180 B, 1-218.

e 1892, Rescarchos on the Structure, Organization and Clagsification
of tho fossil Roptilia. Phil. Trons.R.Soe., 182, 311-370.

suenianene 1894, Roscarches on tho Structure, Organization and Glassification
of the fossil Roptilia < Part 9(3). On Diademodon. Ibid.,1,1029-1041.

waanses 18980, Resecarches on the Structure, Organizatien and Classification
of the fossil Roptilia. Phil. Trans.R.Sac.,185,1019-1041,

e 1898b, Resecarchos ea the Structure, Organization and Classifieation
of tho fossil Reptilia. 1X (V). Phil. Trans.B.So¢., 186, 1-148.

asssssesss. 1904, On a new typo of roptilian tooth, (Ptyechoeynodon) from the Upper
Karroo beds near Burgorsdarp, Cape Coleny. Rep.Brit.Assec. Dublin,, 78,
713.

w1880, On a fossil reptile with a trunk from the Upper Xarroo rocks of
Capo Colony. Rep.BritAss., 78, 718,

wenerenes 1908b, Additional ovidenee as to the dentition and structure of the skull
in the South African fossil reptile genus Disdemeden. Proc.zoel.Soe.Lond.,
611-617.

SEILACHER, A.R. 1964, Sedimentological clagsification and nomenclature of trace
fassils. Sedimontology.,3, 263-258,

SELLEY, R.C. 1976. Intraduction to sedimentelogy. Academic Pross, Londen.

368

0
Al

A\



B

SHEPHERD, R.G. 1987. Lateral accrotion surfaces in ephemeral stream point bars,
Rio Puerco, Mow Mexico. /n: Ethridge, .G, Flores, R.M. & Harvey, H.D.
(Eds). Recent Developments in Fluvial Sodimentology. Society of Economic
Paleontologists and Mineralogists Special Publication., 39, 93-98.

SHISHKIN, M.A. 1964. Suborder Stereospondyli. In: Orlov, Y.A. (Ed). Fundamentals
of Palacontology, Amphibia, Reptilia, Aves. Nauka, Mescow. [l Russian].

v & OCHEV, V.G, 1993, Permo-Triassic trunsition and the carly Triassie
history of the Buramerican tatrapod fauna. /m: Lucas, S.G. & Morales, M.
{Eds). The Nenmarinc Triassie. New Moxico Museum of Natural History &
Seionce Bulletin, No.3., 435-437,

w1994, Problems of glebal correlation of the continental Triassic
on the basis of tetrapeds, Mom.GeolfLausanne).,22, 121-126,

csennsneensy RUBIDGE, B.S & HANCOX, P.J. 1995, Vertebrate biozonation of the
Upper Boaufort Saries of South Africa - A new loak ori ¢otrelation of tha
Triassic biotic ovents in Euramerica and southern Gondwana. /m Sun, A, &
Wang, Y (Eds). Sixth Symposium on Mesoezoie Torrestrial Ecosystoms, China
Prass Beijing, 39-41,

o & WELMAN, J. 1994, A now find of Trematosuchus (Amphibia,
Tomnospondyli) from the Cynoegnathus Assombtage Zono of Seuth Africa.
Palacont.air., 31, 39-48,

weeneannng RUBIDGE, B.S., WELMAN, J., & HANCOX, P.J. {/n prep.). Re-evaluation
of Kestrasaurvs and its bearing on the biostratigraphy ef the Upper Beoufort
in South Afriea,

SHONE, R.W., 1978, Giant Cruzicna from tho Beaufort Greup.
Trans.geol, S0¢. 8. Afr, 81, 327-328,

SINGH, H., PARKAS:H, B, & GOHAIN, K, 1993, Facics analysis of the Kesi megafan
doposits, Sedim.Geol. 87, §7-118,

SINGH, 1B, 1972, In tho bedding in the natural lovee and the point bor deposits
of tho Gemti River, Uttor Pradesh, India. Sedim.Geal.,7, 309-317,

SMELLIE, J.L., 1981, A complote arc-trench systom recognized in Gendwana
goquences of the Antarctic Peninsula rogion, GeolMag., 118, 139-158,

¢l

PR




N

SMITH, D.G. 1976. Effect of vegetation on lateral migration of anastomosed
channels of a glacial meltwater river. Geol.Soc.Am.Bull.,87, 857-860.

vnneennee 1988, Anastomosed fluvial deposits: Modern examples from western
Canada. /n: Collinson, J.D. & Lewin, J. (Eds), Modern and Ancient Fluvial
Systems. International Association of Sedimentologists Special Publication.,
6, 165-168.

aeennse 1987, Meandering river point bar lithofacies models: Modern and ancient
examples compared. /n: Ethridge, F.G, Flores, R.M. & Harvey, H.D. {Eds).
Recent Developments in Fluvial Sedimentology. Society of Economic
Palcontologists and Mineralogists Special Publication., 39, 83-91.

SMITH, N.D. 1970. Braided stream depositional anvironment : comparison of the
Platte River with some Silurian clastic rocks north-central Appalachians.
Geol.Sec.Am.Bull.,81, 2993-3014.

weene 1971, Transverse bars and braiding in the lower Platte River, Nebraska.
Geol.Soc.Amer.Bull.,82, 3407-3420.

w1972, Some sedimentological aspects of planar cross stratification in a
sandy braided river. J.sedim.Potrol.,42(3), 624-634.

w1974, Sedimentology and bar formation in the upper Kicking Horse River,
a braided outwash stream. J.Geol.,81, 205-223.

weennsess 0t 0l 1889, Anatomy of an avulsion. Sedimentology.. 36, 1-23.

SMITH, R.M.H. 1880, The lithology, sedimentology and taphonomy of flood-plain
deposits of the Lewer Beaufort {Adelaide Subgroup) strata near Beaufort ¥
West. Trans.geol.Soc.S.Afr.,83, 399-413.

e 1981, Sedimentolagy and taphionomy of the Lower Beaufort strata near
Beaufort West, Cape Provinco. Unpubl.M.S¢ Thesis. University of tho
Witwatersrand, Johannesburg, South Africa.

w1887, Morpholegy and depositional history of exhumed Permian point
bars in the southwaestorn Karoo, south Africa. J.sedim.Petrol.,87(1), 19-28,

waeensens 1988, Fluvial facies, vertebrate taphenomy and paleasols of the Teokloof
Formatian (Permian) near Beaufort West, Gape Frovince, South Africa.
Unpubl.Ph.D.thesis, Univeorsity of Cape Town, South Africa.

370

- ! }m . o of © N

o ST i e



P
%
g

e . . 1980 a. A review of tho stratigraphy and sedimentary environments of
the Karoo basin of South Africa. J.Afr.Earth.Sci.,10,No 1/2, 117-137.

venensene 1990 b, Alluvial paleosols and pedofacies sequences in the Permian
Lower Beaufort of the southwestern Karoo basin, South Africa.
J.sedim.Petrol.,60(2), 258-276.

v 1996, Changing fluvial environments across the Permian-Triassic
boundary in the Karoo Basin, South Africa and pessible causes of tetrapod
extinctions. Palaeogeogr.Palacoclimat.Palacoecol,, 117, 81-104.

csee renenne ERIKSSON, P.G. & BOTHA, W.J. 1993. A review of the stratigrephy and
sedimentary environments of the Karoo-aged basin of Southern Africa.
J.Afr.Earth.Sci., 16, 143-169.

venseensenes & KITCHING, J W, 1997, Sedimentology and vertebrate taphonomy of
the Tritylodon Acme Zone: a reworked paleosol in the Lower Jurassic Eliiot
Formation, Karoo Supergroup, South Africa.
Palavogeogr.Palacoclimat. Pslacoecol,, 131, 29-50.

SOUTH AFRICAN COMMITTEE FOR STRATIGRAPHY (S.A.C.S) 1980, Stratigraphy
of South Africa, Part 1 (compiled by L.E.KENT). Lithostratigraphy of the
Republic of South Africa, South West Africa/Namibia, and the Ropublic of
Bophuthatswana, Transkei and Venda. Handbook Geol. Surv, 8. Afr.,8.

oo eaneenns 1987, Quidelines  for  standardised
lithostratigraphic descriptions. SACS Circular 1. Johnson, M.R. (Compiler).
Geol.Surv.S.Afr., 1-18.

STANISTREET, .G. & TURNER, B.R. 1979. Discussion of "Giant Cruzifana" from
tho Beaufort Group. Trans.Geol,Soc.S.Afr., 82, 371-372,

weasenac & MECARTHY, T.8. 1993, Tho Gkavango fan and the classification
of subacrial fan systems. Sediment. Geol,,85, 115-133.

vy GAIRNCROSS, B, & MeCARTHY, T.S. 19983. Low sinuosity and
moandering bedlead rivers of the Okavango Fan: channel cenfinemont by

vegetated lovees without fine sediment. Sedimentary Geology.,Special
Volume: Current Research in Fluvial Sodimentology., 85, 135-186.

37




STAVRAKIS, N. 1979. Sedimentology of the Katberg Sandstono in the E.Cape
Provinee, S.Africa. Unpubl.M.Se. thesis. Rhodes Univ.,Grahamstown, Seuth
Africa, pp 118,

weeeneenes 19804, Sedimentation of the Katberg Sandstone and adjacent formations
in the south-castern Karoo basin., 7rans.geol.Soc.S.Afr.,83, 361-374.

ceeesnennnese 1980b. Opaque heavy minerals of the Katberg Sandstone, Sauth Africa.
Trans.Gool.Sec.S.A.,83, 17-21,

STEAR, W.M. 1978, Sedimentary structures related to fluctuating hydrodynamic
conditions in flood plain deposits of the Beaufort Group near Beaufort West,
Cape. Trans.geol.Soc.S.Afr., 393-399.

weeaeene 1979 Channel sandstone and bar morphology of the Boaufort Group
Uranium cistrict near Beanfort Wost, Goecongress Abstract Volume 2, Pert
Elizabeth. Trans.geol.Soc.S.Afr, 132-138,

weesennses 198000 The sedimentary environment of the Beaufert Group Uranium
provineo in the vicinity of Beaufert West, South Africa. Unpubl.Fn.D.thesis.
University of Port Elizabeth, South Africa, South Africa, pp 188.

weeneannes 1980b, Channel sandstone and bar morphology of the Beaufort Gioup
Uranium distriet noar Boaufort West. Trans.geel.Sec.S.Afr,,83, 391-398,
waseeeene 1983, Morphological eharactoristies of ephemeral stream channcl and
ovorbank splay sandstone bedies in tho Permian Lowor Beaufort Group,
Kareo Basin, South Africa. /n: Collinsen, J.D. & Lowin (Eds). Medern and t
Aneient Fluvial Systems. Intornational Association of Sedimentologists
Spocial Publieation., 6, 405-420,
w1885, Comparison of the bedform distributien and dynamies of medern
and ancient sandy ophomoral flood deposits in the southwestern Kareo
region, South Africa. Sodim.Geol, 48, 208-230.
STOCKEY, R A, 1990, Antarctic and Gendwana conifors. /n: Tayler, T.N. & Tayler,
E.L. (Eds). Artarctie Palacabiology. Springer-Verlag New York., Chpt 14,
116-124, q
STOCKLEY, G.M. 1947. Roport on the geolegy ef Basuteland. Gavt.Brinter, |
Masery, Basuteland, 39-49,

372

—

-l
3%
2

T owr—

Tt o L

] 3
&
:
j :
= W o
Mo w s i) DL e o &
i i - S AT i 4.



s .w—w&c‘rw—«w':««uﬂ«» N T

w‘*« {\:

STOCKMAL, G.S. & BEAUMONT, C. 1987, Geodynamic models ot convergent
margin tectonics: the southern Canadian Cordillera and the Swiss Alps,
Can.Soc,Potrol.Geol, 12, 393-411,
csnrsserecensspasnnsnnenses & BOUTILIER, R. 1986. Goodynamie models of convergent
toctonies: the transition from rifted margin to overthrust belt and
consoquencos for forcland basin  dovelopment. Bull.Am.Assoe.
petral.Geol., 70, 181-180.
S§TOW, G.W. 1871. On seme points in Seuth Africon geology. |
Q.Jl.geol.Soc.Lond. 27, 497-548,
SUN, A.L. 1960, On a now gonus of kannemeyeriid from Ningwu, Shansi.
Vertebr.palasiat. 4, 67-81.
wensenses 1963, The Chinese Konnemeyerids. Palacont.sin., 17(C), 73-109,
wennens 1873, Disynodonts from Turpan Basin, Mem,/VPB.Acad.Sin., 10, 53-68,
aeeeee 1978, On tho  oeeurrence ot Parakannemoyeric  in Sinkiong.
Mem.IVPP.Acad.Sin, 13, 47-54.,
w«aneens 1981, Re-identification of Traversedentoides wangwuensis Young. fbid.,
1901, -4,
SWINTON, W.E. 1927. A now spoeicu of Capitesaurus from tho Trias of the Black
Forest. Ann.Mag.nat.Hist,Ser.9.,29, 178-186.
TANKARD, A.J..JACKSON, M.P.A. ERIKKSON, K.A.,HOBDAY, D.K.,HUNTER, D.R.
& MINTER, W.E L. 1982, Crustal evalution of Seuthern Africa 3,8 billien
years of carth history. Springer-Veorlag, New York, pp 532.
TAYLOR, E.L. 1992, The oceurronce of a Rhexexylon:like stom in Antaretica.
Cour.Forsehungsinst.Sekenberg., 147, 183-189,
e & TAYLOR, T.N. 1993, Fogsil trec rings and palacoclimate from tho
Triassic of Antaratica. /n: Lueas, 8.G. & Morales, M. (Eds). The Nenmarine
Triassie. Now Maxice Museum of Natural Pistory & Scionce Bullatin No.3,
453:488,
THERON, J.N. 1961. Gn the nature of the Cape Folding. Unpubl. M.Se thesis, '
University of Stellenbosch, South Africa. :

373




g e e e s e R O

THERON, J.C. 1965. Geology of the Upper Beaufort Stage in the vicinity of
Smithfiold, Orange Free State. Unpubl.M.Se. thosig, Univorsity of the Orange
Free Stato, Soeuth Africa,

v 1969, Some geological aspects of the Beaufort Serios in the Orange Froe
State. Unpubl. D.Se. Thesis, University of the Orange Freo State, Seuth
Africa.

THOMAS, P.J., DUPLESIS, A, FITCH, F.J., MARSHALL, C.G.A., MILLER, J.A.,

VonBRUNN, V. & WATKEYS, M.K. 1993. Geologieal studios in southern Natal and
Transkei: Implieations for the Cape Oregen, /n: DeWit, M.J. & Ransome,
1.G.D. (Eds). Inversion Tectanics ef the Cape Fold belt, Kareo and Cretaceous
Basins of Seuthern Africa. A.A.Balkoma, Retterdam, 229-238.

THULBORN, R.A. 1984. Early Triassic roptiles of Australia. /n Reif, W.E. &
Woestphal, B. (Eds). Third sympasium on Mesezoie terrestrial Ecasystoms.
Tubingon, 243-248.

TODD, T.W. 1968, Palaceclimatelogy and the relative stability of feldspar minerals
under atmogphorie eonditions, J.sedim.Petral. 38, 832-144,

TOLLMAN, S.M., GRINE, F.E. & HAHN, B.D. 1980. Cntogeny and soxual
dimoerphism in Avlacephaladan (Reptilia: Anomedontia). Ann. S.Afr.Mus. 81,

159-186.
TOZER, E.T. 1967. A standord for Triassie timo. Geel.Surv.Canada,Bull., 158, 1-
103.

w1984, Tho Trias ond its ammenoids: the evelution of a timo seale.
Geol,Surv,Canada.Mise.Report., 35, 1-171.

TUCKER, M.E. 1991, Sedimentary Petrology. 2 Edition. Blackwell Scisntific
Publieations, London, pp 260.

TUNERIDGE, LP. 1981, Sandy high cnergy floeod sedimentation - somo eriteria for
recegnition, with an example frem the Devenian of Seuth West England.
Sedim. Geal,, 28, 79-95.

TURNER, B.R. 1969 a. The stratigraphy and sedimentological histery of the
Molteno stago in part of the North East Capo Provinee. Unpubl, MSe.thesis.
University of the Witwatersrand, Johannesburg, Seuth Africa.

374

{
i
i
i




veeensennene 1969 b, Use of the Indwe sandstene ag a stratigraphic marker in the
Moelteno stage of the Karoo System. Palacont.ofr., 12, 203-204.

cenennesens 1969 6. Doformed crogs-bedding in the Molteno sondstene of the Aliwal
North District, Cape Province. Ann.gool,Surv.S.Afr., 7, 69-73.

s 19871a. Focies analysis of the Meiteao sodimentary eyele. In ¢
S.H.Haughton (Ed): Prec. 2end LU.G.S., Symposium ¢n Gondwana
Stratigraphy and  Palacontology, Capetewn and Jehannesburg.
C.8.l.R.,Protoria, 313-3189.

weneaa 1971b. Tho geolegy and eoal reseurces of the nerth-eastern Cape
Provinea. Bull.gool,Surv.S.Afr.,52, 1-74.

weenaeeees 19720, Rovision of the stratigraphic pasition of eynedonts from the upper
part of the Karroo (Gondwana) System in Lasathe. GeelMag., 109, 249-
360

e 1972b,  Silica diagenesis in the Melteno sandstone. Trons.geel,
Soe. S.Afr., 76, 55-66,

w1978 Q. The stratigraphy and sedimentary history of the Moltenio
Fermation in the main Kareo Basin of Seuth Africa and Lasothe, Unpubl.
PhD. dissertation. Univorsity of tho Witwatersrand, Jehannasburg, Seuth
Africa.

wasnnee 1978 b, Statistical appraisal of Triassie Melteno sedimentary eyeles fram
tho uppor part of the Karreo {Gendwana) System in South Afrien.
J.sedim,Petral,, 29, 1-48,

aesennas 1977, Fluviatilo ereas-bedding pattorns in the Uppor Triassie Melteno
Formation eof the Koree ({Gendwana) Suporgroup, South Africa.
Trans.goeol,Soc.8.Aflr., 80, 241-282,

weeesneeene 1878, Palacohydraulics of elast transpert during deposition of tho Upper
Triagsic Moltene Fermatien in the main Karee Basin of South Africa.
S.4AtrJ.Sei., 74, 171173,

easassenns 1980, Palacohydraulies of an Upner Triassie braided river system in the
main Kareo Bagin, Seuth Afriea, Trans.geol. See.8.47r., 88, 425-431.




TETETTTIRRTTC » SReyTeR )
TR R R T T T % e awe

wereeennnee 19810, Deformed eross-bedding patterns in the Upper Triassic Molteno
Formation in the main Karoo Basin, South Africa ; a model for their genosis.
Geol.Rdseh., 7013, 1-12,

waeeense 1881b. The oceurrence, origin ond stratigraphic significance of bone
bearing mudstone pellet conglomorates from the Beaufort Group in the
Jansenville district, Cape Province, South Africa. Palacont,afr., 24, 63-73,

meseennnene 19883, Braidplain deposition of the upper Triassic Meltono Formation in
the mair Karoo {Gondwana) Basin, Seuth Africa. Sedimentolegy.,30, 77-88.

weeennenes 1984, Palacogeographie implications of brawd bar deposition in the Triagsic
Molteno Fermatien of the Eastern Kareo bagin, Seouth Africa.
Palacont.afr., 24, 29-38,

wenenese 1986, Tectonies and climatic eontrols on continental depasitional facies
in the Karoo Basin of Northern Natal, South Africa. Sedim.Geol. 46, 231-
287,

weneeeses & MARTIN, C.ALL, 1998, Qriging of Massive sandstenes in braided river
systoms. In: Contennial Geeeengress, Extended Abgstracts., Vel 2, 800-803.

wessennnses & MUNRO, M. 1987. Channel fermation and migration by mags-{low
processes in the Lower Carbeniferous fluviatile Foll Sandstenc Group,
northeast Englond. Sedimentology., 34, 1107-1122.

VAILL, B.R., AUDEMART, F., BOWMAN, 8.A. EISNER, P.N. & PEREZ-CRUZ, G.

1991. The stratigraphie signatures of tectonies, eustaey and sedimontation = an
ovorviow. In: Einsele, G. Rieken, W. & Soilachor, A, (Edsl. Gyeclie
Stratigraphy. Springer-Verlag, New York, 617-659,

VAN DK, D.E., HOBDAY, D.K. & TANKARD, A.J. 1978. Permo-Triagsie lacustrine
deposits in the eastern Karoo Basin, Natal, South Afriga. /n: Matter, A &
Tueker, M.E (Edg). Medern and ancient lake sediments. International
Assoeiation of Sedimentelegists Special Publigation., 2, 229-235,

VAN EEDEN, O.R, 19387, The gealegy of the esuntry around Bothlchem and Kestell
with spocial reforence to il indications. Mem. Gool, Surv.Un, 8. Afr., 33, 9-36,

376

!
i
]
!
]
{

Ty

e,




Hrwr | gpeeri g
B R "TGHRRET

VAN WAGONER, J.C., POSAMENTIER, H.W., MITCHUM, R.M., VAIL,P.R., SARG,

J.E,, LOUTIT, T.S, & HARDENBOL, J. 1988. An averview of the fundamentals of
soquence stratigraphy and key definitions. fr: Wilgus, G.R., Hostings. B.S,,
Kendal, C.G., Pasamender, H., Ross, €.A., & Van Wagoner, J. (Eds). Seo
level changes, an integrated approach. Socioty of Economic Paleontologists
and Mineralogists Speeial Publication,, 42, 1-28.

VEEVERS, J.J., COLE, D.l. & COWAN, E.J. 1894, Southern Africa: Karoo Basin
and Cape Fold Belt. /n: Voevers, J.J. & Powell, C.MeA. (Eds), Permian-
Triassic Pongean Basins and Foldbelts oleng the Panthalassan Maryin of
Gondwanaland. Goolegical Seciety of America momoir., 184, 223-278,

VISSER, J.NJ. 1979, Changes in the sediment transport dircetion in the Capo-
Karee Bagin (Silurian-Trinssic) in South Africa. 8.A7J. 8¢l 78, 72-785.

wereneeerees 1980, Moander ghannel, point bar, erovasse splay and acslian depesits
from the Elliet Feormation in Barkly Pass, nerth-oastern  Cope.
Trans.geol.Soe.S.Afr.,83, §5-62.

w1984, A roviow of the Stormberg Greup and Drakensberg Veleanies in
gouthern Africa., Polaocont.ofr.,28, §-27,

weenasnnae 1987, The palacogeography of part of southwestern Gendwana during
the Perme-Carbanitorous glaciation. Palaeogeogr. Palacaclimatel, Palaceecal.,
61, 208-219.

s 1991, Goography and climatelegy of the Lato Carbeniferous to Jurassie *
Karoo Bagin in geuth-western Gendwana. Amnnals of the South African
Museum. 99(12), 418-431.

weenssecs: 1982, Bagin tectonies in southern Gondwana during the Carbeniferous
and Permian, /n; DeWit, M.J, & Ransome, 1.G.0O. (Edg). lnversian Tectonies
of the Cape Fold belt, Karoa and Cretaceous Basins ot Seuthern Africa.
A.A.Balkema, Rotterdam, 109-116, i

cnennennene & BOTHA, BV, 1980, Moandor Channal, Point Bar, Crovasse splay
and Acelian dopesits from the Elliat Farmation in Barelay Pags; North-oastern
Capo. Trans.geol.Soe.8.Alr, 83, 55-62

g
|
i

377

O




iyt ae Rigav o o o e
= o CARCEETTRTN T ORSTOACI ARSI NASEY Toavad ™ ves s

L S

aeenenennens & DUKAS, B.A. 1879, Upward-fining fluviatile moegacyeles in the
Boaufort Group, north of Graaf-Reinet, Cape Provinee. Trans.geol.Soe.S.Afr.,
82, 149-154,

VON HUENE, E, 1928, Dic Stidafrikanische Karoo-Fermation als goelogisehes und
faunitisehes Lebensbild. Fortsehr.Geol.Palaeant. 12, 1124,

cennceanes 1931, Boitrag sur Kenntrus der Fauna dor  Stidafrikanisehon
Karrootormation. Gool.Pulacont.Abh. 18(3), 159-227,

WALKER, R.G. 1963. Distinctive typos of ripplo-dnft ecross-lammnation.
Sedimentology.,2, 173-188.

w1878, From sodimentary strustures te facios moezlg: oxamples frem
fluvial onvirenments. In: Depasitional Environments os Interpreted from
Frimary Scdimentary Structures and Stratification Sequences. Sogciety of
Economic Palcentelegists and Mincralagists Shert Course Ne 2. Canada
Publieatiens, Waterleo, Ontarie 23-32.

cennnnanssee & CANT, D.J, 1879, Sandy fluvial systoms. /n: Walker, R.G. (Ed]. Facics
Moedels. Goological Assoeciation of Canada Reprint Series 1., 1-33.

s & JAMES, N.P. 1992, Bgeieg, facies models and medern stratigraphic
concepts. /n: Walker, R.G. (Ed). Faeles Madels: response to Sea-level
Change. Geolegical Agsociation of Cenada., 1-14,

WALTON, J. 1928. On Rhoxoxylon Bancroft - a Triassic genus ef plant exhibiting
a liane type of vaseular erganisation. Phil. Trans.R.Soc.Londen B,212, 79-
109,

W \RREN, A.A. 1980, Parotosuchus from the Early Triassie of Queensland ond
Woestern Australia. Aleheringa., 4{1-2), 25-36.

w8 HUTCHINSON, M.N. 1983, The last labyrinthedont? A brachyopid
{Amplubia. Tomnospondyli) from the Early Jurassic Bvergreen Formation of
Quuensland. Australia. Phil. Trans.R.Sae.Lond., 303, 1-62.

sannaanaane 1988, The Madagasean eapitesaurs. 8ull. Mus.Net.Hist,,
10{1), 23-30.

WASCHBUSCH, P., CATENEANU, O. & BEAUMONT, €. 1996. Combincd

Teetonig/Surfage  Pregess Model fer the formation of Reciproeal

Stratigraphics. £08 .77, 701,

378

]
!
j




TR W g < A4 A k3 & - 3. . LET™=N
- ). Bt NS R R U AR TR PTTRIAE b e R .
P ow iy B
) 3o
N S < . ]
4 #
¢

WATSON, D.M.S. 1912a. Mesosuchus browni gen,ot.op.nov. Rec.Albany.Mus..2,
288-299.

wnneeseeces 1912b, On some roptifian fewer jows, dan.Mag.nat. Hist.,(8} 10, §73.

weennanennne 1818, The Beaufort beds of the Karreo syatem of South Africa. Geol.

: Mag.,10(591), 388-383.

: , s 1914, The zonos ef the Beaufort beds of the Koroo system of Seuth

e . Africa. Geol.Mag.,1(599), 203-208.

. o seseenansess 1819, The structure, evelution and origin of the Amphibia - The orders

e, 5] Rachitomi and Stercospondyli. Phil, Trans.R.See.Lond. ,B,209, 1-73.

cearennsnnnnes 1842, On the Permion and Triassic totrapods. Goel.Aag., 7892}, 81-116.

wennnnnaens 1988, A now labyrinthodent {Parceyelotosaurus) from the Upper Triaosie
of New Seuth Wales, Buli.Br.Mus.not. Hist., 3, 233-264.

wesemsenssnss 1962, The ovolution of the Labyrinthedents. Phil, Trans,R.Soe.Lond.,
B,245, 219-2685.

ssnnssesnsnene 1984 Permo-Triassic fluvial syatems in the seuthcastern
Karee Basin, Seuth Afriea. Palaeageogr., Palacaclimatal., Palocaccel. 48, 1-
21,

WDOWINSKI, §. O'CONNELL, R.J. & ENGLAND, P, 1989, A continuum meodel of
gontinental deformiation aboveo subduetion zones: apnlieation te the Andogs
and the Aegean. J/.Geophys.Res., 94, 10331-10346.

WEBE J.A. 1881, A rodiemotric  timegealo for the  Triagsie.

J.Geal See.Australia. 28, 107-121. @
WEITHOFER, A. 1888, Uber sinom nouen Distnodonton (Dicynedon simoceophalus) ‘ 1
aus der Karreefarmatien Siidoafrika, Annin.naturhMus. Wien., 3, 1-6.
WELLES, 8.P. & COSGRIFF, J. 1965, A rovision of the labyrinthedont famuly

Capitosauridae and a description of Paratesaurus peabodyi n.ap frem the

(% ] L/

, . G Wupatki mombor of the Moonkapi Fermiation, Northern Arizena. f
R Univ. Calif.Publs.Bull.Dep. Geol .54, 1148,
SIS § WELLES, N.A. & DORR, J.A.lJr), 1987, A roeonnaissanee of sedimontation on the %

iy Kasi Alluvial Fon of India. In: Ethridge, F.G., Floros, R.M. & Harvey, M.D. %
SR - (Eds). Recent Developments in Fluvial Sedimentelogy. Secicty of Economic -
*. - ¥ Palcontologista and Mineralogists Spaeial Publication., 38, 51-61.
A = 379
Pea Ty ‘i“
o . 4




A & S it TN RTINS
[P R 1

%m

*
T e e L3 e i e

;M - ﬁ\ ’
: |
WELMAN, J.,GROENEWALD, G.H. & KITCHING, J.W. 1891. Confirmation of tho

occurrenszo of Cynognathus Zone { Kannomeyeria-Diademodon Assemblage

Zono) deposits (uppormost Beaufert Group) in tho Nerth-castorn OFS. Seuth

Africa. S.Afr.J.Geol.,94(2/3), 245-248,
WENTWORTH, C.K. 1922. A seale of grade elass terms for clastie sediments.

J.Geol., 30, 377-392.

WICGKENS, H, de V. 1984. Die stratigrafie en sedimentologie van dio Groep Ececo
wes van Sutherland. Unpubl.M.Se. Thesis, University of Port Elizaboth, South
Africa.

wnvnennnnennnees 1887, Tho nature of the Eeea-Boaufort boundary in the westorn pans
of the Karoo Buuin, Extended Abstrast; Symposium on stratigraphic problems
relating to the Beaufort-Ecca contact. Goolegical Survey South Africa., 6-9.

WILLET, 8.D., BEAUMONT, €. & FULLSACK, P. 1993 Mechanigal medal for the
tectonics of doubly vergent eempressional oregens. Geology., 21, 371-374,

WILLIAMS. G.E. 1966. Planar eress-stratification farmed by the lateral migration
of shallew streams. J.sedim.Petrol.,36, 742-746.

seseenennnnns 1971, Fload dopesits of the sand bed ephemeral streams of eentral
Australia. Sedimentelogy, 17, 1-40,

WILLIAMS, P.F. & RUST, B.R. 1969. Tho sedimentology of a braded river,
J.sedim.Petrol, , 39, 649-679,

WILLIS, B.J. 1989, Palaceehannel roconstructions from point bar deposits: a three-
dimengsional perspective. Sedimentelogy., 36, 757-764.

WINTER, H. do la R. 1980. Diseussion en 'Terranos, teetenestratigraphy ond
unconformity bounded units: a reviow eof curent nomenclature,
8.Afr.J.Geol,, 92, 295-296,

WRIGHT, V.P. & MARRIOT, S.B. 1993, The sequence stratigraphy of fluvial
dopesitienal systems: the role of floedplain sodiment sterage, Sedimentary ;
Gealogy..86, 203-210.

WYLEY, A. 1858. Geolegical report upon the ceal in the Stermberg and adjeining
districts. Capo of Good Hepo Parliamentary report GG, Cape Town, 1-6.

380

o




YANG, K.M. & DOROBEK, S.L. 1998, The Permian Basin of Waest Toxas and New
Mexico: Eloxural modelling and evidence for Lithospheric heterogeneity
aeross the Marathon Foreland. /n: Derobek, S.L. & Ress, G.M. (Eds).
Stratigraphie  Evolution of Ferelaniv. Jasins. Secicty of Econorue
Paleontelogists and Mineralegists Special Publication., 52, 37-L2.

YEH, H.-K. {1959). Now dicynodont from Sinokannemeyeria fauna from Shansi.

Vert.palasia., 3, 187-204,
YOUNG, C.C. 1937. On the Trinssie dicynodonts fram Shaansi. Bull.geol Soe.

Chino., 17, 393-411.
v 1964, The psuedosuchians in China. Palacont.siniea. 198, 109-184,
w1866, On the first diseovery of a eopitesaurid from Sinkiang.

Vertebr.pal.asiat., 10({1), §8-62.
ZEUNER, F.E. 1961. A Tnassie insoct fauna from the Moltene Beds of S.Afriea.

P SR . Trans. ! Int.Congr.Ent.,1, 304-306,
. ' R ZINGG, T. 1935, Boitriige zur Schotternanlyse. Sehwerz.min.pot.iitt., 10-38,
‘. ZUFFA, G.G. (Ed) 19885, Provenance of Arenites. Reidel Publishing Co. Dordroeht,

., . Holland, pp 408.

(=]

S 381

IRCAEE b, Neag B SRE N AR
& M
®
“

0o




APPENDIX 1

APPENDIX 2

APPENDIX 3

APPENDIX 4

APPENDIX &

APPENDIX 6
APPENDIX 7

-

L

..

s

a

-

-

APPENDICES
Peirographic procedures and sandstone
compositional categorios.
Fossil material collected from Subzone C.
Fossils collected from Subzones A & B and wooed
fossils from the Burgersdorp and Molteno

Formations.

Reference soction for the upper Burgersdorp
Formation.

Standardised Lithostratigraphic deseiption of the
Bamboesboerg Member of the Moelteno Formation,

Geochemical analyses.

Pobble axes and orientations: Bamboosberg and
Indwe Sandstone Membors,

BN

N

i



Copr omE TR M e SRR R R IRE Asdided T : v

APPENDIX 1

Potrographic Procedures

Madal analyses were undertaken on thin sections of sandstones collected from
throughout the study araa. Two samples were analysed for the Katberg, twenty for
the Burgotsdorp Formation and thirty one for the Molteno Formation.

For the modal analyses 300 points por thin section were counted, Graphs
represented by Galshouse {1871) showing probable error at 95,49, confidence
level, plotted against points counted for various minetral percentages, indicate that
this number represent an optimum investment of time. A briof description of each
category and the criteria used to distinguish it from other catagorivs is given below.

Quartz: Menocrvstalline quartz,

Foldspar:  Total foldepar; no distinction was drawn between plagioclase and K-
feldspar.

R.F, Total lithic fragments, including polycrystalline quartz#, chert,
sedimentary, metasedimentary, ond undifforentiated rock fragments.

The modal percontages of feldspar and lithic frogments may be slightly
ungfey stimated due to the difficulty in recognising decomposed foldspars and
granitic grains.

U
\J
# Becauso of the difficulty in assigning pravenance to polyerystalline quartz grains, )
cortain authors {og Lewis & MeConchio, 1994) include it with Qm. They are
however here considored as non-disaggregatad rock fragmants.
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Sandstone compositionol eategories

Katberg and Burgarsdorp Formations

P

Sample Stratigraphic Madat %
horzen Quartz Feldspar Rock
Fragmonts
Katharg Formation
04/3/A1 Ketborg (North) 36 23 41
g2/ttt Katberg (South} 51 11 38
Burgarsdorp Formation
02i6/Y8 | Uppur Burgorsderp 65 9 26
| o2siEs Upper Burgarsdorp 61 10 29
92/3/R1 Uppor Burgersdorp 83 7 30
8213116 Upper Burgersdaro G2 i) 20
92/3M2 Upper Burgarsdorp 8! 7 26
92/3/1A1 Upper Burgersdezp 61 8 N
92/5i87 | Upper Durgersdorp 76 8 17
92/6/810 | Upper Burgeradorp 72 9 18
92/5/612 | Uppor Burgersdorp 70 12 18
82/3/T3 | Upper Burgeredotp 14 8 27
9a/6it Upper Burgersdorp €0 6 a4
92/6/v7 | Middla Burgaersdorp 66 g 38
92/6iV11 | Middle Burgeraderp 85 1 34
92/B/12 Middloe Burgersdutp 49 12 38
94/3/61 | Middle Burgersdarp 82 14 a4
04/3/a8 | Middlo Burgersdorp 51 1 39
0216/V6 | Nifddle Burgercdarp ge 13 a2
94/3/06 | Middle Burgeraderp 81 L 42
04/3IA3 | Lowaer Burgeisdarp 40 10 38
L e e B )

!
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Molteno Formation
Sample | Suatigrophic | Locality #odal %
horiron Quartz Feldepar Rock Fragments
Q263 | Indwe Nerwoed ] 7 7
G4/14/EY Indwe R304 g3 g a
02/8:D14 | Indwe R304 29 4 g
34/3/03 | Indwe Olywyn 31] 4 it
04/3.03 | lndwe Qlywyn 83 8 92
944781 [11313] #'licek Pass a4 10 6
944'F2 BaYs B'heok Pasg a8 3 L
Q4/4/F3 | 088 B'heek Pass 84 8 9
02/5/L.10 | BBS Bheok Pasy 84
9245?2}1 1 | 8B4 8'hock Prag at 10 it
232410 | 8B4 U'hoek Pass 79 11 10 v
032N ¢ B4 B'hosk Pasa 81 12 7
04/4/H4 | BB4 Edlandsfontain 082 18 3
04/3/02 | B4 Qlywya 80 16 4
st 1A 203 B'hoek Paey a0 16 4
03/2/ND | 0R3 B'hgek Pass 75 18 7
03/2/NT | 003 f'hask Pass 4 15 1
QU2NG | BRI B'hack Pags 76 18 8
QUANG | 003 B'heek Pass 79 14 g
02/3/03 | 803 Hligida 79 g 13 '
aeve | anz B'hoek Pass 70 21 3
92'8/v4 } BO2 D'hoek Pass 80 18
a4id'ra | ou2 Dhook Pass 70 16
42/31 ¢ o2 Avilien 84 0 10
0232 | Ba2 Avilien a2 g 10
92:301 | en2 Avilien 34 g 11 N
(02/5/2310 | BBy O'hook Pass 40 18
42:3A3 | BOY Nerwood 77 17 o
0285F4 | BB Nerveaod 69 20 11
gaaul jom Avdien 73 1?7 10
g joem  Mewen | w0 ) w6 |6
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APPENDIX 2
Fossil material collected from Subzono C
Catelague Identificatian Loeality Grd Referento Fermatizn
Nuirbet
BPAIIGES0 | Angonisaurus gyl Avitan £31424'34° £20'24'01" | Burgersdorp
BP/1/8531 | Angenisaurus skull Wigeslaod G31930'99" £26°23'10° | Quigerzdemp
Bp/1/8832 h::zi;;zm sized dicynodant Notwood G31430'31° 020°22'60" | Burgerederp
14

8P/1(6033 | Anteriot portian dgynadant Wilgerklsal 031834'34" £26°24'01* | Durgersdonp

skull and lower faw
8P/18534 | EBioynodont lalt cannform Narwogd 831924'24° £26°00'01" | Burgersdap
BP/16535 | Dicynodont intantemparal bar Avilion $31°24'33" £20*24'00" | Duwrgaadarp
AP1E830 | Olcynodent humerus Lytiiam G31°04'34" £206°24°01° | Bugersdorp
BP/1BE37 | Trhwchodon snout and Avitian 531%34'34° £26°24'07" | Dwgemsdern

partiel lower [aw
BP/YBBIR | Trrschodon snout Avilion 931424'32° £20°24'01" | Bugarsdap
P50 | Small cynedont in nodule Norwend 531434'27° £26'20'53" | Burgersdurp
AN1/8840 | Diademodcn skull Avilion 931430'37" €260 23'07" | Durgersdamp
BV1B84Y | Diademocon lower jaw Norwaod 63143434 820°24'01° | Burgersdonp
BP/GE42 | Qynognathus antercrtp of Avifon 631404 34 €26°24'01° | Burgarsdarp

lower jaw
0P/1/0843 | Cynognathus antetartip f Aviion £31%34'34" £26°24'0%° | Bwgenndap

lowar faw

8P11/5844 | Cynograthus aneniartip of Avilian 99140434 E20°24°0Y* | Burgeadap

lower jaw
BPIGE4AS | Cynognathus postorania Avilian $310a4'4a" 2028'04" | Ourgenedorp
Br/1BEAG | Gynadont postcrania Harwasd §21°20'97* 0202207 | Durgensdorp
BP/1/8847 | Cynodont humerux Avilion 13433 £26°24'a6" | Burgersdap
BP/1/8548 | Gynadont post anta Aviion S31%34°34" 26401 | Burgersdenp
apJysh4Y 1 Cynodont scapula Nonwoed 231%04'24" 126'24'0 | Burgersdop
AP/1/E550 1 Amphibian lower aw Kanwoed 031530°23" £20° 2237 | Owgusdom
0P/UG08Y | Pwrotosaurys morasny skl Wiigatkicef §31430'30" £20"aaM2* | Ourgeisdenn
8P/1/9882 | Fragmantary amphctian shull Narwaod 921°30'40" £20°32'40" | Durgersdarp
gpP/uBas3 | Fragmentary amphibian gkl Weagarkiaot 031%30°30" F26'a3"10* | Cwgarsdop
BPILANE4 | Pactial ampiibian gyl Clandghaek £31434°'34* £20'24'01° | Burgeredomp
OPLGBEE | Archosaur teoth Nerwond 931934434 €20 24°G1" | Dusgercuom

L Spiiot ) Mrchormur gl Novood | savaess eacear | Sucusdon )

g
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APPENDIX 3
Fossils collocted from subzones A & B and
Wood Fossila
Catelogus [dentificedon Locality Hrp/Qild Refstence Formation
Numbuy
Subrone A ;
BP/1/B4CD Trirachedan op. Bosrand 12 $20%8'28” 274728 | Burgesdup
Paul Roux disuict
8P/1/5401 Tiirachedan ap. Bosrand 12 GaMaan® £27°47'28" | Burgensdarp
BPI1/BAG2 Trirachodon ap. Bosrand 12 Ga8*16'28° B27°47'28" | Duigmsdorp
8P/1/6403 rachoden sp. Bozrand 12 28'18'20" £27°47°20% | Burgerslop
BP/1i0404 Trrachodan sp. Bosrand 12 §28MQ'25" £27°47°26" ¢ Burgensdom
BP/1/B46Sa Thelagnethus contiitus Bo.rand 12 G20%0°25" £27°47'28" | Burgersdarp
6p154680 Thalegnathus eppressus Borrand 12 028%18'28" £27°47'26" | Burgersdam
80/1/8526 Archosaur lower jaw fiwhattiekep 0289727 La7A2'A1* | Burgsisdonp
Soenekal district
AP/ UNA Kestrozaurus ekull and lower Jaw | Qwhamiekep | 828Y17°27 £27°42'41° | Rurgensdonm
Subzons 8
Br1/680801a:c) *Pgrotosuchus® afdcanus Nooitgedacht | §30'02'23" £26"10'00" | Burgessde:
fragmentary skull
BR/1/6862 *Parotesuchus® 8fitfcanys Noaitgedaghit | G30'62'23* £26'16'Q6* { Burgusdorp
fower jaw
BP/15603 Baachvopid atlas Nooitgadacht | $30'02'23" £26*16'08" | Burgersdup
BP/IINA Geratodus taoth plates Neaitgadachy | S30°82'23" £28%16'08° | Buigensdorp
Bp/1/8024 Kennemeyer'a simocephala Haihal G30°20'10" E48%20'40" | Bugersdorp
comglete skeiaton
OPAINA Kannemeyeria gfmocephals Ratha) §30°20'10° £28%22'40% | Durgersdorp
Numeraus skull fragments
Wood
B30 Araucaiioxylon Orangefontein | 930°42'28* £26%3'18° Maltena
BPI16/303 Araucatioxylon Nonwoed 93143434 [26°23'08° Malteno
BP18/300 Padecarp woed ' Norwaed §31°36'40" Cata2'40* | Burgersdom
BP16/208 Arucsroxylon Avilion 831°30'a7" Laetayet Maltena
apnenay Arauranoxylon Awilisn 831'34‘&5' ragaaor” Moltend
[HvTHEV Asaucanonyion Bum:;\:::mak 991°30'05" ragras'on” ‘etano
1198 T L] Arsuvaroxyion flughmanahoek | G31°30°05" 028°27'92° Maltena

BRI1/NA = Not yot eatsiogucd
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APPENDIX 4
Avilion Stratotypo

Unit roference stratotypo

Cliff face soction exposing the upper 200m of the
formation. This section preserves tho bost exposures of
the upper Burgersdorp Formation in the south of the
basin.

On the farm Avilion, Bamboeshoek Valley, Sterkstroom
district {Map Ref. 83126CB Moeardenaarshook;
$31°34'34" £2624'00")

Good; short walk from farmhouse.

Sco seetion Fig.2.81.

Strata dip botwoon 2-4° to the NW. No major fauiting
oceurs, with only minor displacement by dolerito
evidont,

Preserves a faunal assemblagoe assignablo to Subzone C
of the Cynognathus Assemblage Zene.

Lower boundary not expased at this seetion. Upper
beundary diseconformable with the overlying
Bamboesborg Member of the Moltene Formation.
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APPENDIX 6 ‘ !
Gecehemical Analyses
Major element

{all data in wt%)

Sampla | w0, | TiO, |ALO,[ Fo,0, | MnO | MgGC | CaO |Na,0 | K,0 | P,Og | LOV [TOTAL
No.

92/5/8a1 242 026 | 098] 0,13 | 004 | 1,08 ] 0,39 ] 0,20 {000 | 0.14 | 2,19 | 7.85

92/6/ES 10€6 | 028 | 7,34} 1.63 {3948 1,18 { 11,32 0,17 | 0.93 ] 0,11 | 23,10 | 9417

92(5/K11 ] 3342 | 0,556 | 9,03 | 30,49 | 11.14 | 1,01 | 040 | 0,17 | 1.79 | 0.37 | 10.73 | 89.10

02/5/W11]| 32,27 | 0.55 | 9.51 10.77 892 | 098 | 7.80 | 0.16 | 1.68 | 5.90 | 1031 | 97.81 ~

Total Fo as Fo,0,

LOI: Loss On Ignition
Trace element . ’
{all data in ppm)
mmmwwmmm L e R e
Sample | Rb Sr Y 2r { Nb{Co| NI | Cu | Zn \'j Cr| Bn ’1
Mao.

o2/6/Bat | 114 | 826 | <3 ) 633 | 27 | o | <o | 120 | 1 | <15 <~ ‘youn

92/6/K6 | 66 | 3338 | 27 7 4 73 ) 16 | 107 | 108 | 20 * %212
92/6/K11 | 113 | 6863 | 33 | 140 11 j<9 ] 16 a7 67 74 20 | 1590

g2/6/W11| 120 | 682 | 86 18 | <9 21 9 70 a1 31 | 2432 v ‘ B

L X s mmwm U

HIGH™ 1 Otf the standard (>35%)
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APPENDIX 7

Pebble axes and orientations

Bamboesberg and Indwe Sandstone Members

Stratigraphic L | S ilL SiL Palaeo
position current
Bamboesberg 16.1 7.5 5,2 10.466 | 0.693 360
s Bamboesberg 10.0 7.6 5.3 |0.475. |0.697 312
Bamboesberg 7.2 6.8 1.5 ]0.944 |0.221 350
Bamboasberg || 27.2 | 12.6 | 9.8 |0.463 0778 | 318
,f _‘f."i Bamboesberg || 12.0 | 9.1 | 5.6 |0.758 |0.615 | 322
S Bamboesberg || 65.0 | 62,7 | 81.5 | 0.811 |0.485 335
Y Indwe .16.6 | 7.5 | 49 0452 |0.653 | 314
LA Indwe 50 | 26 | 1.7 |0620 |0.664 | 350
' Indwe 11.5 | 69 | 3.8 |0.600 |0.551 302
indwe 73 | 56 | 2.1 }0.767 |0.375 322
Indwe 1256 | 9.0 | 4.8 |0.720 |{0.533 324
Indwe 101 | 7.3 | 45 |0.728 |0.616 012
Indwe 7.8 55 | 2.3 |0.706 |0.295 368
Indwe 65 | 49 | 2.0 |0.754 |0.408 Q12
Indwa 72 | 55 | 2.4 |0.764 |0.436 322
Indwe 6.1 45 | 1.9 (0738 |0.422 011
Indwe ‘111 | 80 | 21 |0.721 |0.263 318
Indwe 16.01 | 6.8 | 1.5 |0.944 |0.221 296
Indwe 30.2 | 279 | 15.8 |0.924 |0.566 343
indwe 16.0 | 140 | 7.0 |0.876 |0.500 366
Indwa 12,0 | 105 | &5 |0.8756 |0.524 349
Indwe 220 | 18.0 | 9.2 |0.682 |0.613 004
Indwe 170 | 10.1 | 5.7 |0.594 |0.564 366
Indwe 256 | 17.6 | ©.7 |0.687 |O0.551 347
L = Long axis
| = Intermediate axis
S = Short axis

All measurements In centimetras {em)

S M e



Beaufort-Molteno contact in the Karoo Basin,

Volume If

By

Philip John Hancox

Thesis submitted for the degree of Philosophiae Doctor in the

(Departments of Gaeology/Palaeontology)

University of the Witswatersrand, Johannesburg, 1998.

W

Lrard v e et

A Stratigraphic, Sedimentological and Palaroenvironmental synthesis of the

Faculty of Science Ty

(SN

VP ST YO T



CHAPTER 1

Figure 1.1:

Figure 1.2:
CHAPTER 2

Figure 2.1a:
Figure 2.1b:

Figure 2.2
Figure 2.3:

Figure 2.4:
Figure 2.5:
Figuro 2.6;
Figure 2.7:
Figure 2.8:
Figura 2.9:
Figure 2.10:

Figure 2,112
Figure 2,12:

Figure 2,13a:
Figure 2,13hb:
Figure 2,14a:
Figure 2,14b:

Figure 2,14¢:
Figure 2,15
Figure 2.16a:
Figure 2,16b:
Figure 2,16¢!
Figure 2.16d:
Figure 2,17
Figure 2,18:
Figure 2.19:

Figure 2.20:
Figure 2,21:

LIST OF FIGURES IN THE TEXT

Block diugram showing the regional relationships beween the
Burgersdorp, Molteno and Elliot Formations {Aftar Turner,
1975a).

Laocality map of the study area.

Geographical distribution of the Burgersdorp Formation,
Distribution of the Burgersdorp Formation in the south ¢f the
basin, including the location of the type area and holostratotype
(After Johnson & Hiller, 1990,

Intraclast conglomerate facies (Se) with bone (b}, Lower
Burgersdorp Formation.

Intraclast conglomeraty facies (Se) with bone (b}, Upper
Burgersdorp Formation.

Plan view of trough cross-stratified sandstone facies (St).
Planar cross-stratified sandstone facias {Sp).

Massive sandstone facies ($m) grading upwards into facies Sh.
Horizontally stratified sandstone facies {Sh).

Parting lineatior: on hed-top surface of facies Sh.

Ripple cross-laminated sandstone facies (Sr).

Assymetric ripples preserved on upper surface of facies Sr. Note
the bioturbation of the Planolites type {P).

Massive mudstono facies (Fm).

Horizontally-laminated siltstone facies (Fh! grading upwards into
facies Fm.

Individual rhizocretions of Type | palasosol.

Horizontally otientated matted rhizoliths in Type | palacosol.
Throe typical morphs of barytas nodules compared.
Phatamicragraph of barytes crystals radiating from a central
groundmass.

Photomicrograph of radial crystals of barytes.

Calcite encrusted amphibian remains from Type I palaeosoi.
Root impressions and casts in Typo il palagosol.

Polished surface of a silicified rhizolith from o Type Il palacoesol,
Silicified podocarp root from a Type U palacasal.
Photomicrograph of caprolite from Type If palacosol.

Vertical and hlotchy style colour Mottling in Type Il palacosol.
Rhizocretions from Type 1l palacosol.

Stacked Type fl and [l palueosols, Nonensi's Nek, Eastern
Cape.

Photornicrograph of a cross section through a sphernidal
inorganic carbonate grain.

Type-saction of the Burgersdorp Formation, Nonensi's Nek,

—

)

C ks ek il s m‘{ E




Figure 2.22a:
Figure 2.22a:
Figure 2.23:
Figure 2.244:
Figure 2.24b:
Figure 2.25;
Figure 2.26;
Figure 2.27:
Figure 2.28:

Figure 2.29;
Figure 2.30:

Figure 2.31a:
Figure 2.31b:
Figure 2.31¢:
Figura 2.32:

Figure 2.33:
Figure 2,34

Figure 2.35;
Figure 2.36:
Figura 2.3%:
Figure 2.38.

Figure 2.39:
Figure 2.40:

Figure 2.41a:

Figure 2.41n
Figure 2.42:

Figure 2.43a:

WY e ik L B R R A R T T T R T ————

Thick, lenticular channel daposit, Bushmanshoek Pass, Eastern
Cape.

interpretation ard architectural geometry of the lenticular
channel fill in Figure 2.22a.

Tabular channel sandstone geometries showing erosicnal
downcutting of the profile by the channel

Sole marks on the basal surface of a channel fill sandstone.
Flute casts on the basal surface of a channel fill sandstone.
Basal erosional contact of typical channel fill, overlain by facies
Sh,

Lower channel fill sequences showing an irreguiar, erasional
base overlain by stacked sets of facies St; and Sh,.

Upper channel fill sequence showing large sets of facies Sh and
8t

Lateral profile of a small channel fill. Roadeut on the farm
Hillside, Burgersdorp district,

Lateral ptofiie of a mixed load channel fill.

Laterally extensiva tabular sheet sandstone; Middle Burgersdorp
Formation. Nonensi's Nek, Eastern Cape.

low angle epsilon crass stratification and scroll bar
morphology, Aliwal North, Eastern Cape,

Stacked point bar elements without interspersed vengers of
mudstone, Bushmanshoek Pass, Eastern Cape.

Laterally accreted point bar elements with interspersed veneers
of mudstone, Aliwal North district, Eastern Cape,

Lateral profile of laterally accreted sandstone and mudstone
couplets, Roadeut near Rouxville, Free State.

Close up of laterally accreted macroform in Figure 2.32.

Flat bottomed lenticular floodplain channel, overlying incipiently
daveloped Type Il palacosal. Nonensi's Nek, Eastern Cape.
Thick, tabular multi-episode sandstone aplay element,
interspersed in floodplain fincs, Roadeut on the R396, Eastern
Cape,

Cleso up of thick, multi-spisede sanastona splay in Figure 2.35.
Laterally cantinuous thick sandstone splay in floodbasin fines,
Nenanai's nek, Eastern Cape.

Creas-soction of sandstone splay showing the typical sharp,
flat lowar ~ontact and plano-gonvex top.

Thin, ¢hstal fioodplain sandstons splay.

Plant rootlets in thin, non-calcareous very fine grained
sandstone splay,

Cross section of a thin distol floodbhasin siltstone splay showing
vartically orientated invertebrate trace.

Plan view of bioturbated thin splay sandstone surface.
Lateral profile of typical fioodplain architecture, Nonensi's Nek,
Eastern Cape.

Photomicrograph of a typical texturally and mineralogically sub-
maoture sendstone {facies St} from the Burgersdorp Formation.

]

<

<

o




Figure 2.43b:

Figure 2.44:

Figure 2.45:

Figure 2.46a:
Figure 2.46h:
Figure 2.47a:
Figure 2.47b:

Figure 2.47c:
Figure 2.47d:
Figure 2.48a:
Figure 2,48b:
Figure 2.489;
Figure 2.50a:
Figurs 2.50b:
Figure 2.51:
Figure 2.52:

Figure 2,53:

Figure 2.54:
Figure 2.55:
Figure 2.56:
Figure 2.57:
Figurs 2.58:
Figure 2.59:
Figure 2.60:
Figure 2.€1:
Figure 2.62;
Figuro 2.63:
Figure 2.64:
Figure 2.65:
Figure 2.66:

Figute 2.67:
Figure 2,68:

Photomicrograph of facies St, showing typical sub-rounded
quartz grains, well rounded plagioclase feldspar & d clay
matrix.

Photomicrograph of euhedral sodium plagioclase feldspar (F),
showing albitic twinning.

Photomicrograph of facies $h from the Katberg Formation.
Photomicrograph showing kaolinitic alteration of orthoclase.
Photomicrograph showing kaolinitic aiteration of orthociase.
Photomicrograph of sedimentary rock fragment.
Photomicragraph of polycrystaline quartz grain of plutonic
igneous.

Photomicrograph of polycrystaline quattz grain of metamorphic
origin,

Photomicrograph of granitic rock fragment.

Photomicrograph of detrital grain of muscovite.
Photomicrograph of detrital grain of muscovite.
Photomicrograph of detrital opaque oxides from facies Sh.
Photomicrograph of detrital zircon from facies Sh.
Phatomicrograph of detrital zircon from facies Sh.
Framework grain plot for the sandstones of the Burgersdorp
and Katberg Formations.

Rose net showing palacocurrent directions for the upper
Burgersdorp Formation,

Framework grain plot for the sandstones of the Burgersdorp
and Katberg Formations, with tectonic setting fields from
Dickinson et a/ {1983),

Geographical distribution of the Cynognathus Assemblage Zone
(After Kitching, 1996).

Dorsal view of the holotype skull of Parotosuchus morgarni
(BP/1/6551).

Qccipital view of the holotype skull of Parntosuchus morgani
(BP/1/5551).

Palatal view of the holotype skull of Parotosuchus morgani
{BP/1/5581),

Qccipital viows of capitosauroid skulls showing the differences
in the position of the cheek and dopth of the squamasal flange.
Left caniniform of Angonisaurus coxit (BP/1/6530): a. Lateral
and dorsal viows; b. Mediol and ventra! views.

Dorsal view of the holotype of Angonisaurus coxi (BP/1/5530).
Lateral view of the holotype of Angonisaurus coxii {BP/1/6530),
Occipital view of the holotype of Angonisaurus coxit
(BP/1/5530)

Dorsal views of: a. Angonisaurus coxil and b. Angonisaurus
cruickshankf {After Cox & Li, 1988),

Dorsal view of the BP/1/8532,

Latoral view of BP/1/5832,

Occipital view of BP/1/6832,

Palatal view of the BP/1/5532,

Latoral view of the lower jaw of BP/1/6532.

R oy



Figure 2,69
Figure 2.70:
Figure 2.71a:
Figure 2.71b:
Figure 2.72;
Figure 2.73:
Figure 2.74:
Figure 2.75a:
Figure 2.75b:
Figure 2.76:
Figure 2.77:
Figure 2.78a:

Figure 2.78b :

Figure 2.79a:

Figure 2.79b:
Figure 2.80:

Figure 2,81:
Figure 2,82:
Figure 2,83:
Figure 2.84:
Figure 2.85:

CHAPTER 3
Figure 3.1:
Figure 3.2:

Figure 3.3:
Figure 3.4:

Figure 3.5:
Figure 3.6:
Figure 3.7:
Figure 3.8:
Figure 3.9:

Figure 3.10:

Lateral view comparison of BP/1/6532 and S, wuhsiangensis.
{ndet. dicynodont intertemporal bar (BP/1/6536).

Indet, dicynodont caniniform procuasses (BP/1/8626).

Indet. dicynodont caniniform process (BF/1/5627).

Indet. dicynodont caniniform procass (BP/1/5533).

indet. dicynodont caniniform process (BP/1/6629}.

indet. Archosaurimorph cranial element.

Miscellaneous large woody pteridiosperm axes (stems).
Miscellaneous large woody peridiosperm axes (stems),
Internal casts of the sphenophyte (horsetail) Calamites.

New seed type from the upper Burgersdorp Formation.

Cross section SEM of churacoal from the upper Burgersdorp
Formation.

Cross section SEM of characoal from the upper Burgersdorp
Formation.

Longitudinal section SEM of podocarp wood showing cell wall
tracheids.

Longitudinal section SEM of podocarp wood,
Lithostratigraphy of the Burgersdorp Formation. Composite
section.

Proposed refarence stratotype for the upper Burgersdorp
Formation,

Colour change to yellow grey (BY 7/2) fines, some¢ 10-16m
from the top of the Burgersdorp Formation.

Manganease rich nodular layer at the top of the Burgersdorp
Formation.

Spatial distribution of the zonal index amphibians. From Hancox
et al (1995),

Temporal distribution of the zonal indices and their assocaited
faunas.

Geographical outcrop area of the Molteno Formation [(After

Turner, 1983).

Geographical extent of the Bamboesberga Member of the

Molteno Formation.

Regional thickness variations for the Bamboeshkerg Member.

Soft sadiment deformation in sandstones of the Bamboesberg /
Mamber,

Soft sediment deformation in sandstones of the Bamboesberg

Member.

Soft sediment deformation within large scale trough cross-

stratified unit.

Hoterolithic scour fill facies (Sey).
Intraclast scour fill facies (Se).

Intraclast scour fill facles (Se) overlain
stratified sandstone facies (St}

Trough gross-stratifiod sandstone fa

Jh cross-

R

N - w
im*—.'.g. B

L.



Figure 8.11:
Figure 3.12:
Figure 3.13:
Figure 3,14
Figure 3.15:;
Figure 3.16;
Figure 3.17:
Figure 3.18:
Figure 3.18:
Figure 3.20:
Figure 3.21:

Figure 3.22:
Figure 3.23a:

Figure 3.23b:
Figure 3.24:

Figure 3.25:
Figure 3.260;
Figure 3.26b:
Figure 3.27:
Figure 3.28:

Figure 3.29:
Figure 3.30:

Figure 3.31:
Figure 3.32:

Figuro 3.33:
Figure 3.24:
Figure 3.35:
Figure 3.36:
Figure 3.37a:
Figure 3.37b:
Figure 3.38:

Large scale trough cross-stratified sandstone facies (St)).
Planar cross-stratified sandstone facies {Sp).

Wedge shaped set of facies Sp sandwiched betweon sets of
facies St

Massive sandstone facies overlain by facies Sh.

Horizontally stratified sandstone facies (Sh).

Facies Sh with concentration of heavy minerals (H) on
individual laminae.

Parting lineation in facies Sh,

Ripple vross-stratificd sandstone facies (Sr].

Matrix supported heterolithic clast accumalation (Fe,).

Facies Fe, with waell rounded, imbricated quartzite clast,
Massive fines facies (Fm) overlying horizontally laminated fines
{Fh).

Ripple cross-laminated fines facies (Fr).

Coal and carbonaceous mudstone facies (C), overlain by coarse
sandstones of the Indwe Sandstone Member (1),

Vitrinite rich coal with concoidal fracture.

Laterally continuous sheet sandstones of the Bamboesberg
Member, with thin Interbedded fines.

Lateral profile of typical channel fill sandstone of the
Bamboesberg Mamber,

Minor channel element intersecting a downstream accreted
longitudinal bar,

Typical fenticutar minor channel fill alement.

Abandoned channel fill of horizontally laminated fines.
Laterally accreted transverso bar elements stacked to form a
cross-channel bhar,

Laterally accreted tabular splay sandstone macroform.,
Downstream accreted longitudinal bar macroforms and minor
channel fill.

Silicified mudrock showing foi~r desication cracks.

Silicified tree trunk In braldgiun fines. Upper Bamboesberg
Membar, Dordrecht, Eastom Cuge

Lacustrine facies associatics. sh.wing facies Fh grading
upwards into facies Fr.

Monogenoric accumalations of Heiiphylum and Dicroidium sp
within the latustrine facles association.

Photomicrograph of typical sub-rended quartz grains from
facies St.

Photomicrograph of quartz graing shewing concave-gonvex
contact.

Photomicrograph of quartz grains showing iriwiiu> secondary
overgrowths.

Photomicrograph of well rounded quartz grain
euhedrol secondary overgrowth,

Photomicrograph of euhedral sodium plagioclase feldspar
showing albitic twinning.

showing

!
R TN SNV UV SRR . - -

<

-
£
:




Figure 3.39:

Figure 3.40a:
Figure 3.40b:

Figure 3.41:
Figure 3.42:
Figure 3.43:

Figure 3.44:

Figure 3.456:
Figure 3.46:
Figure 3.47a:
Figure 3.47b:
Figure 3.48:
Figure 3.48:

Figure 3.80:
Figure 3.51:
Figure 3.52a:
Figure 3.62b:
Figure 3.63:
Figure 3.54:
Figure 3.55;
Figurs 3.56;
Figure 3.87:
Figure 3.58:
Figure 3.59:
Figure 3.60:
Figure 3.61:
Figure 3.62:

Figure 3.63:
Figure 3.64

— -
k. S

Photomicrograph of rounded and partially decomposed

orthoclase feldspar grain.

Photomicrograph of fresh, euhedral perthitic microcline.

Photomicrograph of fresh, well rounded microcline and

polycrystalline quartz grains.

Photomicrograph of well rounded sedimentary polycrystalline

rock fragment.

Photomicrograph of polycrystalline quartz rock fragmant of

ignoous origin.

Photamicrograph of polycrystalline aquartz rock fragment,

showing a streched fabric strongly indicative of a metamorphic

origin.

Photomicrograph of quartz arenite clast from the Cape

Supergroup,

Photomicrograph of a detrital grain of muscovito,

Photomicrograph of a detrital grain of biotite.

Photomicrograph of a weil rounded detrital zircon.

Photomicrograph of a well rounded detrital zircon.

Photomicrograph of a detrital tourmaline grain,

i;hotomicrograph of axide rich heavy mineral laminae in facigs
h.

Fhotomicrograph showing quartz grains in a typical clay matrix,

with ghost outline of a decomposed plagioclase feldspar grain.

Framework grain plot for the sandstu.es of the Bamboesberg

Member,

Rose net showing palasocurrent directions for the Bambooesberg

Member in the southwest of the basin,

Framework grain plot for the sandstones of the Bambogsberg

I(Vlember, with tectonic setting ficlds from Dickinson et a/
1983},

Geographical extent of the Indwe Sandstone Member.

Soft sediment deformation in the fndwa Sandstone Member,

Hetarolithic gravel intraclast facies (So,),

Trough cross-stratified gravel facies {Gt) averlying facies Gey,

Small scale sets of planar cross-stratifiot gravel facies {Gp).

Lateral profile of the Indwe Sandstone Mamber,

Channel complex margin. showir the deoply erosional nature

of the basal contact into tha brofuniaiy fines,

Contact between the Bamboetiviry tnd Indwe Sondstone

Members of the Molteno Farma*ian,

Minor channel fill showing side- .= downstream accretion of

bodforms,

Tabular sots of larye scale plaraar wose-stratifiod gravel and

sandstone facies.

Simple downstream accreted b gleavnts,

DA in-channel barforms shovvinyg wauts of minor channel

abandonmaent and presarvation of fitey.,

Qi

S




Figure 3.65:

Figure 3.66:
Figure 3.67:
Figura 3.68:
Figure 3.69:
Figure 3.70:
Figure 3.71:
Figure 3,72:
Figure 3.73:
Figure 3.74:
Figure 3.75:
Figure 3.76G:
Figure 3,77:
Flgure 3.78:
Figure 3.79:
Figure 3.80;
Figure 3.81:

Figure 3.82:
Figure 3.83:

Figure 3.84:
Figure 3,85:
Figure 3.86:
Figuro 3.87:
Figure 3.88:
Figure 3.89:
Figure 3,90

i

Photomicrograph of typical quartz grain from the Indwe
Sandstone Member showing he vy mineral and opaqgue line
inclusions,

Framework grain plot for the sandstones of the Indwe
Sandstone Membar.

Rose net showing palaeocurrent directions for the Indwe
Sandstone Member in the south of the basin.

Framework grain plot for the sandstones of the Indwe
Sandstone Member, with tectonic setting fields from Dickinson
et a/ (1983).

Miscellaneous stem axes in fine grained sandstone.

Coalified wood compression.

Well  preserved three-dimensional stem axes, Basal
Bamboesberg sandstone.

Dicraidium dubium from the Bamboesberg Member.
Heidiphylum sp.

Transverse section of silicified wood from the Bamboesberg
Member showing the paired cell wall structures characteristic
of Araucarioxylon.

Longitudinal saction of silicified wood from the Bamboesberg
Member showing simple paired pits.

Simple clay filled, vertically orientated trace,

Horizontal surface cast of invertebrate feeding trace.
Stratigraphic section through the Bamboesberg Member at
Bushamanshoek Pass.

Stratigraphic section through the Bambaoesberg Member in the
Bamboeshoek Valley.

Log of borohole core SF/1/85 drilled to the west of the town of
Molteno.

Preservad extent of the Bamboesberg Member in the south of
the basin,

Bosal channel complex of the Bamboesberg Member.
Comiparison of the nomenclature and stratigraphic placement
of the coal seam= in the Bamboesberg Member.

Stratigraphic¢ secuwn through the Bamboesberg Member at the
stratotype in Grootdaringhoek Pass.

Preserved extent of the Bamboesherg Member at the stratotype
in Grootdoringhoek Pass.

Preservad extent of the Bamboesberg Member at the most
waesterly oceurrence on the farm Hillside, Burgetsdorp district.
Stratigraphic soction through the Bamboesberg Member on the
farm Hillside, Burgersdorp district.

Proserved extent of the Bamboosberg Momber in the southeast
of the basin between Lady Frero and Cala.

Stratigraphic section through the Bamboesberg Member at Cala
Pass,

Presorved oxtont of tho Bamboesberg Momber on the farm
Braamspruit, Aliwal North district,

w

Birit e Gn m i it s,

- e L

e

.



Figure 3.21:
Figure 3.92:

Figure 3.93:

Figure 3,94:

CHAPTER 4
Figure 4.1:
Figure 4..:
rigure 4.3:
Figure 4.4:
Figure 4.5:
Figure 4.6:
Figure 4.7.
Figure 4.8:
Figure 4.9:

i

Preseived extent of the Bamboesberg Member between Zaston
and Vanstadensrus.

Stratigraphic section through the Bamboesberg Member on the
farm Braamspruit, Aliwal North district.

Indwe Sandstone Mamber directly overlying the Burgersdorp
Formation {Cynognathus Assemblage Zone, subzone A) in the
north of the basin.

Temporal and spatial changes in the nature of the Bamboesberg
Member throughout the basin.

Landscape reconstruction and envisaged depositional style for
the Burgersdorp Formation.

Landscape reconstruction and erwvisaged depositional style for
the Lower part of the Molteno Formation.

QFR plot of the sandstone composition of the Katberg,
Burgersdorp and Molteno Formations.

Permian-Jurassic palaeoclimatic change in the main Karoo
Basin.

Spatial and temporal distribution of the upper K tberg,
Burgersdorp and Molteno Formations.

Evoiution of the foreland basin surface profile, accounting for
the combined effect of tectonics and sedimentation.
Lithostratigraphy of the upper Karco coupled to dated periods
of source area tectonism (P) and guiescence (Q).

Changes in the spatial extent of the Burgersdorp Formation
through time.

Depositional mode! for the Bamboesberg and Indwe Members
of tha Molteno Formation In a distal foreland setting during
orogenic quiescence {Q2).
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Figure 1.1: Block diagram showing the regional relationships beweon the
i Burgersdorp, Molteno and Elliot Formations (After Turnor, 1878a).
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Collecting Areas

MuKay's Nek: Sandbody geometries and architectural elements of the Middle Burgersdorp Formation;
Cynognathus Assomblage 2ene (Sttbzane B),

Nonensi's Nek: Type exposures of the Burgersdorp Formation; Cynognathus Assomblage Zone
{Subzone B)

Farm Wilgorskoof: Exposures of tho uppor Burgorsdorp Formation; Cynognathus Assemblage Zone
{Subzona C); overlaln by the Bantboasberg and Indwe Membars of the Moltono Formation.

Farm Norwood: Exposures of the uppor Burgorsdorp Formatlon; Cynognathus Assomblage Zono
{Subzone C); overlain by the Bombousborg ond Indwe Membars of the Molteno Formation.

Farm Avillon: Exposures of tha upper Burgersdorp Formation; Cynognathus Agssemblage Zona
{Subzone C); overlaln by the Bamboosbarg and Indwe Mambers of the Molteno Formation,
Bushmanshoek Pass; Exposuies of the upper Burgersdorp Formatlon; Cynegnathus Assomblage Zono
{Subzone C),

Bushmanshoek Pass: Exposures of the Bamboesbarg and indwe Members,

Form Hillside: Exposures of the middle Burgarsdorp Formation; Cynognathus Assemblage Zono
{Subzone B,

farrlr: Wlnan’mbakem Exposuroa of tho middle Burgersdorp Formation; Cynognathus Assemblage Zone
Subzono B),

Farms Grootdam and Nooltgedachit: Expoauras of the middle Burgeradorp Furmatlon; Cynognathus
Assemblage Zone (Subzore B).

Farm Baseba: Exposures of tho middia Burgersdorp Sormation; Cynognathus Assemblage Zono
{Subzone B),

Farm Elandshosk: Exposures of tho middle Burgorsdorp Formation; Cynegnathus Assemblage Zeno
{Subzane B,

Farm Braumcenals Sxpesties of the middle Burgarsdorp Formatlon; Cynognathus Assemblage Zone
(Subzona B8},

Farr:; Kunim}ansgut: Exposuras of the lowar Burgersdorp Farmatian; Cynognathus Assemblage Zone
(Subzone A

Fanl\; Gludd;sgmnd: Exposuros of the middle Burgersdorp Formation; Cynognathus Assomblage Zono
(Subzona B},

Farms Bothal/Slootkraal: Exposures of tho middle Burgarsderp Formatiang Cynognathus Assemblage
Zono (Subzone B),

Measured sections

Cala Pass: Burgersdorp Formotion to bosal Indwe Sandstone Momber,

Indwe Town: Upper Bamboesbherg and Indwe Mombers of the Moltano Formatlon,

Nonansi's Nek: Middle Burgersdorp Formation,

Roadeut on RAV7: Indwe Sondstona Membar.

Kous R|aa Nature Reserve: uppormost Bamboesberg and indwo Sandstona Members of the Molteno
Formation,

Farm Norwood: Burgaradorp Formation to basal indwe Sandstone Member,

Farm Avilion: Burgersdorp Formation to basal indwe Sandstone Membar.

Bushmanshoek Pasa: Uppe,most Burgeradorp Fermation and Bombossberg snd Indwe Sandatone
Mambara of the Molteno Formation,

Roadcu(t on the RBG: Upparmost Bamboaaborg and basal Indwe Sandstona Mambara of tha Melteno
Formatlon,

Groutforinghook Pasa: Type sactlon of the Bambossherg Membior of the Molteno Formatlon,

Farm Hillslde: Middle Burgersdarp Formation and Bamboosberg and Indwa Sandatone Marmbers of the
Molteno Formation,

Farm Olivefontain: Upper Bamboasborg and Indwe Sandstone Mombors of the Molteno Formatian,
Farm Braamapruit; Middle Burgeradorp and Uppoer Bamboasberg and Indwe Sandstona Membars of the
Moltano Formation,

Roadeut an the R30 batwasn Rouxville and Smithileld: Middie Burgarsdorp and Upper Bamboasharg
and Indwe Sandatono Membars of the Molteno Formation,

.
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Figure 2,1a: Geographical distribution of the Burgersdorp Formation.
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Figure 2.2: Intraclast conglomerate facies
(Se,) with bone’(b),
Lower Burgersdorp Farmation.
Scale bar = 1cm,

Intraclast conglomerate facies
{Se} with bene (b).
Upper Burgersdorp Formation.

Figure 2.3:

(A:;;'g’,. Y,
s

Figure 2.4t Plan view of trough cross- J
stratifind sandstone facies (Stl.

Figure 2.5:  Planar croas-stratified
sandstone facies {Spl.
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Fiqure 2.6:  Massive sandstone facies {5m
grading upwards into facies St

Harizontally stratified
sandstone facies (Shl,

Figure 2.7:

Figure 2.8:  Parung lineatien on bed-top
surface of facias Sh.

3

) Figure 2,91 Ripple cross-laminated
T sandstone facies {Sr).
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Bigure 2.13a Individual rhizocretions
of Type | palacosol.
Seaio bar = lem.

R
L T W
w o

Figure 2.10: Agsymetric ripples preserved
on upper surface of facies Sr.
Note the bioturbation of the

Planalites type (P).

Honzontally-taninated siltstone
facies (Fh) grading upwinds
nto facies Fm.

Figure 212

Figure 2,130 Horizontally orientated matted
rivzaliths in Type | palaeosol.
Scale bar = 10em.
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Figure 2.14a; Three typical morphs of barytes
nodules compared.
Seale bar = tem,

Figure 2.14b: Photomicrograph of barytes
crystals radiating from a
gentral groundmass,
Crossed polars with gypsum
plate, 10X magnification,

figure 2.14¢: Photomicrograph of radial
crystals of barytos, Note
the interdigitation with the
fines focies. Crossed polars,
10X magnification,

Figure 2.15: Caleite encrusted amphibion (A)
rernains from Type It paloeosol,
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, - Figure 2,16d: Photomicrograph of copralit
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I 3 Figure 2.16b: Polished surface of a silicified

Figure 2,16a: Root imprassions and casts
in Type |l palagosol.
Scale bar = tem,

rhizolith from a Typa Il palaeosol,
Note the prasence of radiating
root hair tubules in the auter
micritic oncrustations.

Scolp bar = 1em.

Figure 2,16¢: Silicificd podogarp root fram
o Type Ul palacosal,

from Type 1l palnaesol,
Crossad polars,
4X magnification.
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Figure 2,17: Vertical and blotehy style colour
mottling m Typs {li palacosol.
Seale bar = tom,

Eigure 2.18: Bhizocrations from
Type Il palasosol.

Figure 2.19: Stacked Type !l and Il palagosols .
Nononsi's Nek, Bastern Cape. o .
Sealp bar = 1.5m,

. v Je S
> ’
by Yo % Figure 2.20: Photomicrograph of o crass segtion
o, el . R through a spheroidal Inarganic
2 carbonate grain, Note the irrogular
4 S ’? concentric growth layers, .
by i indestinet nuelous and sparite matrix,
o \ Crassed polars with gypsum platg,
»},{ - 4% Magnification.
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Figure 2.2i: Type soction of the Burgersdorp
Eormation, Nonensi's Nek,
Note the fining upward
packages of sandstones (S)
and fines {F). Exposed sequence
15 = 500m thick.

Figure 2.22a: Thick, lenticular channel deposit,
Bushmanshook Pass, Eastern
Cape. Scale bar = 1m.

(2 Bounding surface ordor
¢ Thorapsid fossil

£ Plant material

«~ Downlap

Figuro 2.22b: Interpretation and architectural geometry of the lenticular
channel fill in Figure 2.224.
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Figuro 2.25: Basal erosional contact ot
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Figure 2.240: Sole marks on the basal surface
of a channal fill sandstone.

typical channel fill, overlain
by faces Sh.
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Eigure 2,43

Figuro 2.24bt

GRS (g

Tabular ehannel sandstone

geometnes showing erosional
downcutting of the profile by the

channel, Seale bar = 1m,

Flute casts on the basal surtace
of o chonno! {ill sandstone.
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Figure 2.26: Lower channol filf sequenca
shawing an rrregular, erosional
base overlain by stacked sets
of facies St, and Sh.

Figure 2,27: Upper channel filt sequonce
shawing largoe sots of facies
Sh and St,. The top of tho St
50115 sharp {8) and proserves
duno farms,
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Figura 2.28: Lateral profile of a small ehannel fill. Roadeut on the farm
Hillsido, Burgersdorp district.
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Figure 2,29 Latorai profile of @ mixed load channl fil. Note the

sandstonelmudstone gouplets doveloped In tha point bar

' element, and the nature of tho two channel fills.
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Figure 2,30

Laterally extonsive tabular sheet
sendstone; Middle Burgarsdorp
Formatioti. Nonansi's Nek,
Eastern Cape,
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Figure 2.31a: Low angle epsilon cross stratification
and gcroll bar morphology,
Aliwal North, Eastern Cape.
Scale bar = 2m.

Figure 2.31b: Stacked point bar elements without
intarspersed veneers of mudstone,
Bushmanghook Pass, Eastern Cape.
Scale bar = 1m.

Figura 2.31¢: Laterally acerated point bar eloments with v ;
intersparsed vaneers of mudstons, :
Aliwal North district, Eastarn Gape.
Scale bar = 1m,
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Figure 2.32: Lateral profile of i
Rouxville, Free State.
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Figure 2.33: Close up of \aterally accreted macroform
in Figure 2.32, Note the abundance of
facias Sp and Sh and the sequance
terminations in either Sr or Fr.

R e
N ot : ;
‘ D 4 ‘« ‘« "i ) :
, o, 4 Figure 2.34: Flat bottomed lenticular floodplain <
R, T channel, overlying incipiently
. TN daveloped Type It pelacasol,

Nonensi's Nek, Eastern Cape.
Scaole bar = 1,6m.

Figurs 2.35: Thick, tabular multi-opisode
sandstone splay clemant,
intorsporsed in floodplom finos.
Roadeut on the R3Y6,

Eastorn Gapo.

2. .
I ’ o <
Loy . Figure 2,36: Closc up of thick, multi-cpisodo |
Y| sondsteno splay i Figure 2,35,
. 5o : Note the sharp flat nature of the
. . base, and the upward decrease
i thucknass of tho overlying thin
o splay sondstonos.
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Figure 2,37: Laterally continuous thick sandstone
splay in floodbasin fines,
Nonanst's nek, Eastern Cape.

d Figure 2.38: Cross-section of sandstone splay
o showing the typical sharp, flat lower
PR 5 gontact and plano-convex top.
e : 5’ . Note the presence of a channel on |
M the splay fan apex. Scale bar = 2m.

Figure 2.39: Thin, dista! floodplain sandstone
splay. Note the irregular nature
and sharp lo ver and upper contact,
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Figure 2.40: Plant rootlots in thin, non-calcarcous
very fine grained sandstone splay.
Scale bar = 1em,
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Figure 2.41a: Cross section of a thin disial floodbasin
giltstone oplay showing vertically
oriontated invertebrate trace,

Secale bar = tem.

Figure 2.41b: Plan view of bioturbated thin
splay sandstone surfoce.
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Figure 2.43a: Photomicrograph of a typical
toxturally and mineratogically
sub-matura sandstene (facios St
from tho Burgeradorp Formation,
Noto the framework grains of
quartz {Q), sodium plegioclase
feldspar (F, rock fragments (R}
and intergranular material {M).
Crossed polars, 10X magnification,

L ot
“oag | !
o Figura 2.43b; Photomicrograph of focigs St
. S, ow showing typical sub-rounded quartz
. grains [Q), well rounded plagioclase
feor S foldspar {F) and clay matrix (M),
) . cor Groased polare, 10X magnification.
- . »? LN

Figure 2.44: Photermicragraph of aubedral
sodium plagioclase foldspar (B,
showing albitic twinning.

Crogsed polars, 10X magnification,

)
¢ Y
7?‘ v P Figure 2.48: Photormicrograph of facies $h
: C o “;" from the Katborg Formation,
" S Nota the abundance of plagioclase
o : foidspars. ‘
Grogsed polars, 10X magnification.
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Figure 2.46b: Photomicrograph showing kaolinitic
altoration of otthoclage {0).
Note also the undulose extinction
of the quartz grain {Q)
Crassad polarg, 10X magnificotion.

Figure 2.47h: Phatonucrogroph of polyerystaling
quartz gron of piutome (Oph arigin,
Cronged polarg, 10X mognifigation,

Figure 2.48a: Photomicrograph chowing koolinitic
oftoration of orthoclinse, Plano
polariged light, 10X magnification,

Figure 2.47a: Photomicrograph of sedimentary

roek fragmaont (Re)

Croggod polars, 10X magnificotion.
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Figure 2.47¢: Phatomictagraph of polycrystaling
auortz grain of motamorphic origin
{Qpm}. Crogsed polars,
10X magnitication.

w

IR Figure 2.47d: Photomicrograph of granitic rock

. ';‘ R fragment (Gl. Note the slight

oy alteration of the orthaclase |

5 e faldspar (Q). :
S ) Crossed pelars, 10X magnification,

Figuro 2.480: Photomicrograph of datrital
grain of muscovita (M,
Crossed polars, 10X magnification,

V\
Uy
I Y Figure 2.48b: Photomicrograph of detnitol

grain of muscavite (Ml ‘
Crogsod polars, 10X magnification,
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Figuro 2.49: Photomicrograph of dotrital
opaque oxides from facies Sh.
Plane polarised light,
10X magnification.

Figure 2.50a: Photomicrograph of detrital zircon
from facies Sh, Plane polarised
light, 10X magnification,

Figure 2.80b: Photomicrograph of detrital zircon (2r)
from facies Sh, Crossed polars,
10X magnifization,




T T I tT 3
F A R T A TS wwwggm;ae IRYGIVRIINT S 5 g oy NHARY AT ey
. R - T A -~

. . %'\

-

4
M

5 e we

» Burgersdorp

A [Katberg

AL S

VR

LRI et e

"

ie

T

Framowork grain plot for the sandstones of tha Burgeradorp
and Katberg Formations.

5
A

Figure 2.61:

* g

4




T

S e L S Tt b S e A T O BT PN T PR P

N=658

80E

180
S

Normal palacocurrent readings frem fagies St & Sh

Anomaleus E=W reading (ebtained from facies Sp &
splay top parting lineation)

Figure 2,52:

Rose net showing palacocurrent directions for the upper

Burgarsdorp Formation.
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Darsal view of the holotype skull of Parotasuchus morgani
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Figure 2.58:

oo

Oceipital viows of capitosauroid skulls showing the differonces
in the position of the chock and dopth of the squamosal flange
(Sq): A = Wetlugasaurus (Aftor Maryadiska & Shishkin, 1996);
B = Cyclotosaurus (Aftor Ingavat & Janvier, 1981); C =
Parotosuchus morgani (BP/1/8851).
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Figure 2,63: Dérsalvicws of: o, Agonisazrus coli nnd b. Angonisars
cruicksmnki {Aftor Cox & Li, 1983).

. s

v .




Figure 2,64

.

34ca

223

o

Ly,

25

e

Ky

X
Y
LErdyS

2

0%

.
a2

LA

;

- na
e

BN

pf.

par,

Dorsal view of the BP/1/6532,

- P
W g}‘v,wl}‘
o AN
Q A
, u
\ . O




R P T FERE A s T » - “

' .
¥
K
&
%
y .
,
.
.

A 3
OXNDI, wmefinfran=

* ’ ﬁ‘vf‘,
] 3\‘,“\}

Tem

Flgure 2.65:

- . w

s A A A g A B s

NN o
,," k\ \,() o (;l .

ey - &

. o ‘ /
o 2 | '
e , % . i
o ] ‘

-
T

LA -
-

«w‘.&g!wmmwuv 4
L
A
&

L

[V »

1 *
D
o
(&)
©
0
B
2
.
(\]
§
o

il i s G AP i

e e we

e B

R

-

E—ey




LY .\""“;U
B
. W
%
% .
%
B
R o
? o s >
‘ ® L
- » N
' ) >
b=

N %4 %
.. + : :
: * .
[
; . L
: »
# ]
i
' E
o
)
"
o}

.
¥

Figura 2.66G:

oo gl ARG S Bk Sl S At g S R e i PRTYER T f B B e TR - 4

i

. !

P, .

rrint e i
::':..:‘:-1‘!. L+ N

i

’,
XA
4 s

A \"qt 2

Wb
R

Occipital view of BP/1/6532.

i @
\
. 1] R A
o
\ &)
0
) , i
B .
7

! 5 A
j ] &

Y



7

e Tt
nl“,.,nituﬁn\st»m
2

Y. AR HTE B REEFTELS 5 08 P

Palatal view of tle BP/1/65632.
}

R e ]
1em

Figure 2.67:




AT e ot

e

=

domgaetee

Vgt

1 S S 5

i A,

i e

o

$ 5 2t A St AL A A e A

i anse Ak P

v n"‘. s"ﬂ
\\)1‘)‘{,{1

"’" veadig
ALY
(¥

1cm

Figure 2.68: Latoral view of the lower jaw of BP/1/6632,
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Figure 2.69: Lateral view comparison of 8P/1/6532 and S.wuhslangensis
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Figure 2,70: Indetarminable dicynodont
itertemporal bar (BP/1/5536):
a. dorsal view; b, lateral view.
Scale bar = 1em.

Figure 2,71a:
Indeterminahle dicynodont
caniniform processes
{BP/1/6626 & 5527}, lataral
viaw, Scale bar = 1cm.

Figure 2.71b:

N "’ ’ Indeterminable dicynodont 1
C ' caniniform processes 1
Yy (BP/1/6526 & 5527), medial
e | view. Scale bar = lem. b
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Figure 2.72: Indeterminable kannsmeyeriid
caniniform procass (BP/1/65383);
a. lateral viow; b, medial view.
Scale bar = 1em. ;
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Figure 2.73: Right Shansladantid caniniform %
procoss {BP/1/66289),
Scale bar = tem.
!
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Figure 2.74: Indeterminable Archosauriform
cranial element (BP/1/6BE6),
Scale bar = Tem.
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Figure 2,76b:
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Miscellaneous large woody
pteridiosperm axes (stems).
Upper part of Subzone C of the
Cynognathus Assemblage Zone.

Figure 2.77: New seod type from the upper

Burgersdorp Formation (Subzone G
of the Cynognathus Assemblage Zone),
Bushmanshoek Pass, Eastern Cape.

5

Figure 2.76a: Miscellaneous large woody

ptetidiosperm axes (stems).

Upper part of Subzone C of the
Cynognathus Assemblage Zone,

Figure 2.76: Internal casts of the sphonophyte
thorsatall) Calamites, The small
sacimen Is from subzone A, the
intermadiate from subzone B, and
the large spacimen from subzone C,

All scale bars on this page = Tem
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Figure 2.78a: Cross section SEM of characoal
trom the upper Burgersdorp
Formation showing podacatp
wood ray varenchyma.

Flgure2.78b: Cross section 8EM of characoal
from the upper Burgersdotp
Formation. Rlose up of
parenchyma bundle in
F]g-217880 - f "

, 668 1@em.

Figure 2.780: Longitudinal section SEM of |
podocarp wood showing coll
wall trachelds,

Figure 2.79b: Longitudinal saction SEM of
podocarp wood, Close up ot
coll wall tracheids showing
rogular and irregular spaced
pitting.
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Figure 2.82: Colour change to yellow grey
(Y 7/2) fines, some 10-16m
from the top of the
Burgersdorp Farmation,

Farm Avilion, Bamboeshogk
Valley, Eastern Cape.
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Figure 2,83: Mangancese rich nodular layer
at the top of the Burgersdarp
Formation. Farm Avilion,
Bamboeshoek Valley,
Eastern Cape.
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Spatial distributior -+ iy zonal Index amphibians., From Hancox
et al (1998),
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o Figure 3.8:  Soft sediment deformation

Figure 3.4:  Soft sadiment deformation
in sandstones of the
Bamboesberg Member,
Scale bar = Tem,

it o 5
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# “*u,. ai

In sandstones of tha
Bamboesherg Member.
Scale bar = Scm,

Soft sediment deformation within
large scale trough cross-stratified
unit. Note that deformed laminae
do not cross bed bounding surfaces. |

Figure 3.7:  Heterolithic scour fill facios (Se,). - .
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Figure 3.8: Intraclast scour fill facies {Se)). .
Figure 3.9: Intraclast scour fill facies (Se) |
overlain by trough cross-stratified
sandstone facies (St),
)

Figure 3.10: Trough sross-stratified
sandstone facies (St).

Figure 3.11: Large scale trough crass-stratified
gandstone facles (St).
Scaie bar = 1m,
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Figure 3.12: Plarar cross-stratified sandstone
facies {Sp). Scale bar = 15cm.
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g L, o Figure 3.13: Woedge shaped set of facies Sp «»’ez“}»‘ B3 ﬂ%“* R
s sandwiched betwaen sets of siiaate : '\
\ o, ) facies St Note the sharp nature ‘
_ R of the second order bounding i
C ’ a surface between the sets,
* > .

Figure 3,14: Massive sandstone facies (Sm)
overlain by facies Sh.
Note the occurrence of quartzite (q)
clasts on second order bounding
surface batween the two sets,
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" L . Flgure 3,186: Horizontally stratified
‘ sandstona facios (Sh).
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Figure 3.16: Facies Sh with concentration of
heavy minerals (H) on
individual laminae,

Scale bat = Tem,
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o Figure 3.17: Patting lineation in {acies Sh,,

Ripple cross-stratified sandstone :
facies (Sr), Note the srosive

nature of the overlying massive
sandstone {Sm), Scale bar = 10cm,
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SR R y Figure 3,19: Matrix supported hoterofithic clost
o LR o accumulation (Fe,). No.e the
P - ; small coarsening up sequances,
» N Scate bar on R1 coin = 1om.
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