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INTRODUCTION GENERALE
Cadre de I'étude

Au Botswana, les séries sédimentaires et volcaniqgues dPadgozoique supérieur et
Mésozoique appartenant au super-groupe du Karoo, sont connues dans leeptaeie du
pays, dans une vaste zone appelée Bassin du Kalahari-Kagob).(Eies roches du super-
groupe Karoo incluent d'importantes ressources naturelles, dongiagés charbon et le gaz
naturel, mais comprenant aussi des argiles et des eauraiog® A I'échelle du pays, bien
connu déja pour ces ressources miniéres, il est incontestabie Bassin du Kalahari-Karoo
a également un trés grand potentiel économique. Le Service @Ggealy Botswana (DGS),
mis en place en 1948, dont la mission est de faire progressaomaissances sur les
ressources naturelles et de conseiller le gouvernementpeblie sur leur utilisation, est a
I'origine de ces prospections de ressources dans le bassin darik&aioo (e.g. Green,
1966; Baldock et. al., 1977; Farr, 1981; Clark et. al., 1986; GwosdSakdale, 1982;
Williamson, 1996; ECL, 1998; ARI, 2003).

Les réserves en charbon découvertes jusqu'a présent au Botenteatsnées a 17 billions
de tonnes (SADC, 2001), et garantissent le pays d’'une source mdjéneegie. C'est la
seule énergie fossile mise en évidence. Mais bien quédeban ait un grand potentiel
comme source premiére d’énergie pour les maisons, pour lindedtria production
d’électricité, son utilisation reste encore limitée. Stepheret Penn (2005) ont mis I'accent
sur les améliorations importantes que ces ressources nawatene le charbon pourraient
générer : création d’emploi direct, fourniture de servicesocbesse pour les populations
pauvres, a condition qu’il y ait une augmentation des investess,

Dans cette optique, et afin de compléter la connaissance géolagiqle bassin du Kalahari
Karoo, le DGS a lancé un projet scientifique dans le cadre ldn Rational de
Développement 8 (NDP8) , avec deux objectifs principaux :

1. Estimer la disponibilité et le potentiel pour déveloper lesa@ses en gaz naturel
(c’est a dire le gaz contenu dans les charbons), associéegiaaxises en charbon
dans le bassin du Kalahari-Karoo au Botswana.

2. Etablir une base de données sur la stratigraphie et dévelopgstame de corrélation
qui caractériserait les séries sédimentaires a charbbassin de Kalahari-Karoo.

Les travaux concernant le ler objectif de ce projet, ont@iéés a une entreprise privée de
consultance, “Advanced Resources International Inc.” (USA)association avec “Scales
Associates” (Botswana). lIs ont été achevés en 2003. Lekatésde cette étude indiquaient
que les niveaux de charbons contenaient une ressource en gaz easpiaée a 60 trillions
de pieds cubes (Tcf). On estime que les schistes carb@wégeascontiennent en supplément
136 Tcf. L'ensemble correspond & un total de 196 Tcf de gplaeea (ARI, 2003).

Le second objectif du projet, concernait le sujet de cetteethéts s’'intégrait dans un

programme de recherches en collaboration avec les géologuesmvie 66838 du CNRS et
I'Université de Bretagne Occidentale



Portée de I'étude

Bien que plusieurs projets, a l'initiative du DGS, ont confitengrand potentiel en ressources
économiques des séquences du Karoo, il manque encore une conngéskgique précise
pour permettre des corrélations efficaces sur I'ensemble dinkdisKalahari-Karoo. La
situation est compliquée par le manque d’affleurements. ligtexju’'une zone trés limitée
du Karoo (Fig.2) affleurant sous la couverture Crétacée sttiments récents appartenant a
I'environnement du désert du Kalahari. Durant ces dernieres arputes,exploration du
charbon en particulier, on a utilisé a I'échelle régionale ud¢haode traditionnelle de
corrélations stratigraphiques, basée sur des similitudes lithokgydans des séries tres peu
exposeées, pour corréler des sections en sondage souvent tres gl0kgméel981; Smith,
1984; ECL, 1998). On sait cependant que les corrélations lithosmtiques, n'ont pas de
signification chronostratigraphique, et peuvent conduire a des ®firaportantes; On peut
avoir en effet des unités semblables d’age différent, dansrédgens différentes, sans
connection physique entre elles (Reading, 1986; Mial, 1990). On neeffeatuer de
corrélations lithostratigraphiques que dans des régions ou les calectersain peuvent étre
suivies sur le sol et ou il y a des niveaux reperes aiséemorimaissables, ce qui est rare dans
le bassin du Kalahari-Karoo.

L'objectif de cette étude est de promouvoir le concept de atagtphie dans le Bassin du
Kalahari-Karoo au Botswana et d'établir un schéma de corréldtiostratigraphique
préliminaire, afin d’améliorer le systéeme de corrélatidithostratigraphique utilisé
actuellement.

La biostratigraphie, que I'on peut définir comme I'étude de Irageanent relatif des strates en
fonction de leur contenu fossilifere (Miall, 1990; Murphy and Salvati®®4) est devenue
une discipline indispensable pour les corrélations. La méthode aietlation
biostratigraphique s’appuie sur des zonations établies a I'étbedlie et régionale, et forme
la base d’'un systeme global de subdivisions chronostatigraphiqual, (MI90; Agterberg
and Gradstein, 1999). Dans le cas présent, la zonation biastohiigue aidera a valider les
corrélations de sections du super-groupe du Karoo dans I'ensemblesahy eapermettra de
s’affranchir de [l'utilisation de noms locaux différents pour de#és équivalentes dans
différentes parties du bassin, comme c’est le cas amtuelit (e.g. Smith, 1984). Ces
méthodes entrainaient d'importantes difficultés dans les atimé lors des prospections
géologiques et minieres. L'approche biostratigraphique apporte aussi ddenées
complémentaires pour placer le bassin du Kalahari-Karoo, daswitki géologique locale et
régionale.

Dans cette étude, les horizons biostratigraphiques, que I'ondpénir comme des limites
stratigraphiques, des surfaces ou interfaces en travers desqlighportants changements
biostratigraphiques sont notés (Murphy and Salvador, 1994), sont udlit®sase pour
proposer des biozones. La section en sondage la mieux préservédeetdachantilonnée a
été désignée comme section standard de référence. La sstaimdard composite de
référence, qui peut étre mise a jour régulierement, astifonde la disponibilité de nouvelles
données, forme la base pour un systémede corrélation dassite ta Kalahari-Karoo.



Bases de I'étude

La Paleopalynologie, qui concerne I'étude des palynomorphesactst de I'ensemble des
microfossiles a paroi organique et microrestes de plantegrgéssdans les sédiments puis
extraits par attaques acides (Traverse, 1988; Jansonius aneéddcGr996), est parfaitement
adaptée pour les études biostratigraphiques dans ce travail sugesyralaéfaut de sections
exposées disponibles pour une étude de fossiles et macroragttsuxé En conséquence la
méthode utilisée ici sera une approche palynostratigraphiquege hasdr ces séries
essentiellement continentales sur I'étude des spores lengolCeux ci sont conservés en
abondance dans les sédiments analysés, et montrent une évolufiilogique au niveau
spécifigue et générique qui traduit I'évolution de la paléoflore aursc des temps
géologiques. Les variations dans la composition des assemblagpsrds et pollens sont
utilisés a la fois pour différencier les séquences et établirozonation, mais aussi discuter
les variations des conditions d’environnement.

Les études de corrélations stratigraphiques dans le bassin dhaKd&{aroo sont basées
largement sur des études de sondages, lesquels présententllear mpetentiel pour la
conservation des microfossiles en raison de leur petite taildximum 200um), par rapport
aux macrofossiles. Un autre avantage des palynomorphes est lifatura de leurs parois
composées de sporopollenine ou de chitine (Traverse, 1988), qui conmprdasechaines
carbonées extremement résistantes, a la diagenéesefoaidisaement ainsi qu’aux processus
de macération chimique en laboratoire. Le bon état de préserdasopalynomorphes dans
les échantillons de sondage du bassin de Kalahari-Karoo a étéatéj dans des études
précédentes (e.g. Cadman, 1995).

En plus de ces considérations biostratigraphiques baséeftuel'de la répartition des
palynomorphes, un autre aspect de ce travail s’est intérebégokution générale de la
matiere organique sédimentaire (MOS) dans les échantillons, poudisoession des
corrélations et des interprétations paléoenvironnementalesMQ& est constituée des
différents composants organiques des roches sédimentaireaniniels palynomorphes, mais
souvent dominée par les restes de plantes continentales comnmeoleeaux de trons
d’arbres, de branches et de feuilles (Batten, 1996). La MQGé&be séparée en différentes
catégories, que l'on peut identifier, et que I'on peut comptergnéddes modifications
physiques et chimiques subies par ces microrestes avantést lapdép6t. Les différents
éléments organiques dans la roche composent ce que l'on appelleeapsdyriofaciés
(Combaz, 1967). Dans la mesure ou la matiére organique sédimestigfrartie intégrante de
la roche sédimentaire, les différentes catégories qui dastitue, sont utiles pour
I'interprétation des environnements de dép6t (Batten, 1996). Dif€réypes de
palynomorphes peuvent donner des indications sur les anciens environneaiergts ou
vivaient les plantes, aussi bien que les conditions paléoclineatigjorigine des seédiments
(Traverse, 1988).



RESUME (Extended, in French)

Late Carboniferous to Permian strata of the Lower Karoo sequernbe Kalahari Karoo
Basin, Botswana, contains suitably preserved palynomorphs for ratigsiphic
classifications. All taxa described from eight out of the miok=holes sampled for the study
comprise sixty-eight genera made of one hundred and sixty-fivepar®sspecies, eleven
arcritarchs species, seven prasinophytes species, and 1 chlorophwi.well-sampled
coreholes, namely STRAT 1 and CKP6, have been subdivided on the bsgecials ranges
to produce three Range Zones (2 concurrent range zones and 1 taxon rahgaadheee
Assemblage Zones, for each section. Comparison of taxa ionles mdicates a preliminary
direct correlation between the sequences at STRAT1 and CKP6 barehblen the basis of
the Assemblage Zones as well as the Taxon Range Zones. STR&Ttion has been
designated the standard reference section on the basiatofetg good palynomorph yields
and preservation, for comparative analysis both in the prasdrfuture studies.

The range zones established for STRAT1 comprises, in ascendingobsteatigraphy, the
Potoniesporites congoensis — Converrucosisporites irregul@acurrent Range Zone
(Biozone S1-1), theRetusotriletes diversiformis — Divaricrassus mir@oncurrent Range
Zone (Biozone S1-2), thieophotriletes rectus — Concavisporites morta@oncurrent Range
Zone (Biozone S1-3), and tH&latysaccus papilioniSfaxon Range Zone (Biozone S1-4).
Biozone S1-1 is defined on the basis of short to medium range tawdich the most
significant  are: Raistrickia crenata, = Converrucosisporites  pseudoreticulatus,
Converrucosisporites irregularis, Potoniesporites congoensis, Linoiiigs rectus, and
Hamiapollenites bullaeformisBiozone S1-2 is also defined on the basis of short to medium
range taxa, the most significant of which incluBetusotriletes diversiformis, Apiculatisporis
unicus, Divaricrassus minor, Lophotriletes rarus, Horriditriletesundbaculosus,
Cristatisporites  inconstans, Cristatisporites menendezii, Lundbladispagracilis,
Striomonosaccites  crucistriatus,  Caheniasaccites flavatus, tdini spectabilis,
Protohaploxypinus haigii, Protohaploxypinus rugatus, Vittatina foveokatd,Arabisphaera
bellula. Biozone S1-3 is the least productive palynologically, and hasfalh@wing
siginificant taxa : Concavisporites mortonii, Lophotriletes rectus, Horriditriletbsevis,
Laevigatosporites vulgaris, Laevigatosporites plicatus, Alisporitestraliss Alisporites
potoniei, Lueckisporites virkkiae, Protohaploxypinus perexiguus, Marsugiitels
triradiatus, and Cymatiosphaera gondwanensisBiozone S1-4 correspond to a narrow
topmost section of the borehole and has a limited range. Thdszoharacterized based on
short-range taxa of which the most significant aFéarinites eremus, Platysaccus papilionis,
Hamiapollenites saccatus, Striatopodocarpites fusus, and Striatopodosgppitéi

The assemblage zones erected are common to both STRAT1 and QKRGeaomprised
of, in ascending order of stratigraphy, tHamiapollenites bullaeformi&ssemblage Zone
(Biozone KK1), theCyclogranisporites gondwanen#ssemblage Zone (Biozone KK2), and
the Platysaccus papilioni;\ssemblage Zone (Biozone KK3). Biozone KK1 is characterized
by an assemblage of fourteen taxa most of which are eitbigicted or nearly restricted to
the zone. The lower limit of the zone is placed at the lowdrmosurrences of taxa
Apiculatisporis parmatusnd Potonieisporites brasiliensisThe upper limit of the zone is
placed at the last occurrences of t&unctatisporites gracilisDensosporites rotundusind
Cristatisporites microvacuolatusThe zone has been named after the spelgasapollenites
bullaeformis which forms one of the diagnostic taxa, and is restricted t@dhe in both
STRAT 1 and CKP6. Biozone KK2 is palynologically less productingd has been defined
on the basis of long-range and some medium-range taxa. The loviteofl this zone is

vi



determined by the upper limit of the preceding zone Hamiapollenites bullaeformis
Assemblage Zone The upper limit of the zone is placed at the last ocooereof taxon
Cyclogranisporites gondwanensigiozone KK3 correspond to a narrow topmost section of
the borehole. The upper limit of the zone is not defined and the lowieiid placed at the
first occurrence of tax&latysaccus papilioniand Striatopodocarpites fusus.STRAT 1
section has also been subdivided on the basis of palynofatc&getzerating stratigraphic
marker horizons that are comparable to biohorizons and can be utilizedrrfelating local
basin sequences.

Lithological comparisons with the palynozones reveal a youngingedDtvyka glacial facies
to the southwest, from CKP6 to STRAT 1, representing the palaeed-in glacial migration.
The qualitative data indicates notable differences in taxardgiiyethat include the
predominance of trilete spores with monosaccates pollen in the &ghgcial facies, in
comparison to a significant emergence of bisaccates ardistygpearance of several spores
in the lower Ecca sequence, attributed to palaeoclimaticeinfles associated with the
transition from glacial to deglaciation and post-glacial éxge determinations deduced from
a comparison of the palynozones of STRAT 1 section, designatedatidat reference
section, with other regional and Gondwana-wide zonation schemes tésdidate
Carboniferous (Kasimovian — Gzhelian) to earliest Late PernfRoadian) ages for the
Lower Karoo sequence in the Kalahari Karoo Basin. Broad paiaeid inferences from
the qualitative analysis support a transition from cold and humid comslitiuring deposition
of the Dwyka glacial facies, to warm and drier conditions dudieygosition of the lower Ecca
sequences. Palaeoclimatic conditions ultimately turned wehgduniddle Ecca times
generating coal-forming settings. Palaeoenvironmental intatjfimes based on palynofacies
data indicate a predominantly proximal palaeo-depositional settinfgg@ntire Lower Karoo
sequence at STRAT 1 borehole. The broader depositional enviromaesfiotmed from
glacial sub-environments, during deposition of the Dwyka Group, irgtatively wider basin
punctuated by some rare marine incursions, in the early Ecca Gamdp,ultimately
developing into a deltaic system.
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ABSTRACT

Late Carboniferous to Permian strata of the Lower Karoo sequernbe Kalahari Karoo
Basin, Botswana, contains suitably preserved palynomorphs for raigsiphic
classifications. All taxa described from eight out of the miok=holes sampled for the study
comprise sixty-eight genera made of one hundred and sixty-fivepar®sspecies, eleven
arcritarchs species, seven prasinophytes species, and 1 chlorgpbgies. Two well-
sampled coreholes, namely STRAT 1 and CKP6, have been subdividedbasithef species
ranges to produce three Range Zones (2 concurrent range zones and artgeaone) and
three Assemblage Zones, for each section. Comparison of natkee izones indicates a
preliminary direct correlation between the sequences at STRATICKP6 boreholes only
on the basis of the Assemblage Zones as well as the Taxon Ramge STRAT 1 section
has also been subdivided on the basis of palynofacies data genstedtigraphic marker
horizons. Lithological comparisons with the palynozones reveal a yoyragi the Dwyka
glacial facies to the southwest, from CKP6 to STRAT presenting the palaeo-trend in
glacial migration. The qualitative data indicates notabfier@inces in taxa diversity that
include the predominance of trilete spores with monosaccatés pnlthe Dwyka glacial
facies, in comparison to a significant emergence of bisascamnd the disappearance of
several spores in the lower Ecca sequence, attributedaegatimatic influences associated
with the transition from glacial to deglaciation and post-glaer@. Age determinations
deduced from a comparison of the palynozones of STRAT 1 sectiogndtesi the standard
reference section, with other regional and Gondwana-wide zorstl@mes indicates Late
Carboniferous (Kasimovian — Gzhelian) to earliest Late PernfRoadian) ages for the
Lower Karoo sequence in the Kalahari Karoo Basin. Broad paiaedid inferences from
the qualitative analysis support a transition from cold and humid comslitiluring deposition
of the Dwyka glacial facies, to warm and drier conditions dudieygosition of the lower Ecca
sequences. Palaeoclimatic conditions ultimately turned wehgduniddle Ecca times
generating coal-forming settings. Palaeoenvironmental intatjimes based on palynofacies
data indicate a predominantly proximal palaeo-depositional settinfgg@ntire Lower Karoo
sequence at STRAT 1 borehole. The broader depositional enviromaesfiotmed from
glacial sub-environments, during deposition of the Dwyka Group, irgtatively wider basin
punctuated by some rare marine incursions, in the early Ecca ,Gamap ultimately
developing into a deltaic system.
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CHAPTER 1: INTRODUCTION
1.1 Background to the Study
In Botswana, late Palaeozoic to early Mesozoic sedimentaiks rand volcanic

sequence belonging to the Karoo Supergroup occur in an extensivallgdotated
area collectively termed the Kalahari Karoo Basin (Fig. 1).

Figure 1 Regional disposition of the Kalahari Karoo Basin in Botswana
(Farr, 1981; Smith, 1984).

The Karoo Supergroup rocks host important natural resources dominatexhlby c
including coalbed methane natural gas, in addition to clay and groundestearces.

It is without doubt then that the Kalahari Karoo Basin holds greahtait@s a major
contributor to build an economy of scale in Botswana, a country whas®mrac
backbone is already anchored on mineral resources. Since it's amceptl948, the
Botswana Department of Geological Survey (DGS), whose missitm &lvance
knowledge on earth resources, and to advice government and the public on their
sustainable utilization, has pioneered several earth resourcesigatiess in the
Kalahari Karoo Basin (e.g. Green, 1966; Baldock et. al., 1977; Farr, C3&X; et.

al., 1986; Gwosdz and Sekwale, 1982; Williamson, 1996; ECL, 1998; ARI, 2003).
To date, huge amounts of coal resources, estimated at about 17tbiigo(SADC,
2001), have been discovered in Botswana. The discovery of coal in thieaKa
Karoo Basin provided Botswana with one of the major primary sourcesefyy
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known in the world, which has over decades been the only known fossié$aelrce
to exist in the country. Despite the great potential that ltaslas a primary source
of energy for homes and industry, and more significantly for the geoerof
electricity, it's usage in Botswana still remains minimal. Stephensonemd(R005)
also highlighted important benefits such natural resources, asljsccol generate
by creating wealth for poor communities through increased investnoineict
employment and service provision.

On this realization, and in an attempt to further upgrade gealdgiowledge on the
Kalahari Karoo Basin, the DGS initiated an applied science projgwler the
auspices of the National Development Plan 8 (NDP8) policyh wito main
objectives:

1. To assess the availability and the potential to develop naturakgasrces (i.e.
coalbed methane) associated with the coal-bearing sequenche &falahari
Karoo Basin in Botswana.

2. To establish a database on stratigraphy and develop a corredgtitem that
characterizes the coal-bearing sedimentary sequence of ldleakdaroo Basin
in Botswana.

The works for the first objective of the project, successfully cetagdlin 2003, were
awarded to a private consultancy, namely, Advanced Resources lioteahdihc.
(USA), in association with Scales Associates (Botswana). r@sdts of this study
indicated that the coal beds within the study area contain anaéstirgas-in-place
resource of 60 trillion cubic feet (Tcf). The associated carlmmesc shales are
estimated to contain an additional 136 Tcf, resulting in a combinecfdt86 Tcf of
gas-in-place (ARI, 2003).

The works for the second objective of the project, which forms thedubf this
thesis, were incorporated into a collaborative research study thé school of
doctorate of the University of Brest, in France.

1.2 Scope of Study

Although several projects initiated by the DGS have to date proean gotential in
terms of economic resources associated with the Karoo seqineneas still a lack

of adequate geological knowledge to effectively correlate athessntire Kalahari
Karoo Basin. The situation is compounded by the lack of exposure owing t
widespread cover by Cretaceous to recent sediments belondheyKalahari Desert
environment, which has resulted in only an insignificant area of Kexposure
(Figure 2). Nevertheless, several years of explorationcpkatly coal exploration,

has seen the continued use of the traditional method of stratigraphic camrddased

on lithological similarities, in the poorly exposed Kalahari Kar@siB, to correlate
widely spaced borehole sections (Farr, 1981; Smith, 1984; ECL, 1998). However,
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correlations based solely on lithostratigraphic evidence have, through igabtoge,
been found lacking in their chronostratigraphic significance andeeahtb erroneous
lithostratigraphic mis-correlations.  This is because studiessedimentary
environments and facies distributions have shown that similar unitsecdaposited
at different times, in different areas, and with no physical adioreto each other
(Reading, 1986; Mial, 1990). Lithostratigraphic correlations arablel only in areas
where beds can be physically traced out on the ground, and whereateere
distinctive and readily recognizable marker beds, a phenomenon ttaae ig the
Kalahari Karoo Basin.

KALAHARI KAROO BASIN
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Figure 2 Area of exposed Karoo Supergroup rocks in the Kalahari Karoo Basin
(Farr, 1981; Smith, 1984; Modie, 2000).

The purpose of this study is to advance the concept of biostratigraptg Kalahari

Karoo Basin of Botswana, and establish a preliminary biostratigraggrelation

scheme to augment the current lithostratigraphic correlationmgchibat is being
used. Biostratigraphy, which can be defined as the study oéldie/e arrangement
of strata with regard to their fossil content (Miall, 1990; Murphg Salvador, 1994)
has become an indispensable aspect in lithostratigraphic correlafibesmethod of
biostratigraphic correlation is used to erect zones of local gioral stratigraphic
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correlations, and forms the basis for a global system of chratigsphic
subdivision (Miall, 1990; Agterberg and Gradstein, 1999). Biostratigcazonation
will help improve correlation of sections of the Karoo Supergroup frorosa the
basin and minimize the use of local names for the same unitderedif parts of the
basin, as is the case at present (e.g. Smith, 1984), which oftensgive difficulties
in correlation during geological and mineral investigations.  Aolciily, a
biostratigraphic approach shall generate data that can be useddah#akalahari
Karoo Basin in both a regional and global setting.

In this study biostratigraphic horizons, which can be defined as gsaaltic
boundaries, surfaces or interfaces across which significant bigistpdoic changes
are noticed (Murphy and Salvador, 1994), are used as the basis forgcbeazones.
One better-preserved and closely sampled borehole sectionigaated a standard
reference section. The standard reference section is then reairgpad correlated
with other sections to produce a composite standard reference section. Plositeam
standard reference section, which can be updated from time to simedavhen new
data is availed, form the bases for a biostratigraphic etiorl scheme in the
Kalahari Karoo Basin.

1.3 Bases of Study

Palaeopalynology, which entails the study of palynomorphs i.e. plant microfasgils
other remains of living organisms (Traverse, 1988; Jansonius andelimG1996),
is the main line of evidence used for biostratigraphic consideraitiotiss study,
owing to the unavailability of exposed sections for the studyrgéfascale fossils or
macrofossils. Consequently, this study is specifically bases palynostratigraphic
approach, dominated by pollen and spore palynomorphs. The fundamental base upon
which pollen and spore palynomorphs are utilized in correlation emamatette
fact that plants have evolved through geological time, during which gafooms of
palynormophs were deposited with sediments. As a result, palynoesspimblages
retrieved from different levels of the sedimentary stratalikedy to be different in
compositions, and hence, allow sequences to be differentiated.

Stratigraphic correlation studies in the Kalahari Karoo Basinlargely based on
boreholes section, which has great potential for the retrievablyh@morphs in
contrast to that of macrofossils. Because of their smalls s(zeg. 200m),
palynomorphs are not affected by the smaller area coverage tmhtogl the drill-
core diameters, which adversely affects the macrofossils, ofguiting in only
fragmentary evidence that is less reliable for biogpragpihic correlations. The
fundamental advantage of palynomorphs lies in their highly protectiveesrstive
external wall made of durable substances i.e. sporopollenin and dhitaverse,
1988). Sporopollenin on the outside wall allows pollen and spores to withestdnd
survive various depositional and burial processes of the rock sequemnced| as the
rigorous laboratory maceration processes for their liberationtéimlys Relatively
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good palynomorph preservations from borehole samples of the Kalamag Rasin
have been reported from some previous studies (e.g. Cadman, 1995).

In addition to palynomorph based evidence for biostratigraphic coniteraa
major component of this study entails a general assessment cedmaentary
organic matter (SOM) present in the samples and their potdaotiaorrelation as
well as palaeoenvironmental interpretations. SOM comprises the organic components
of sedimentary rocks, inclusive of palynomorphs, and often largelyndded by the
remains of land plants such as tree trunks, branches, and leaien(B996). The
SOM found in sedimentary rocks has undergone various pre- and postidaepbsit
physical and chemical changes but the remains consist of vamoognizable
categories. Because sedimentary organic matter forms agrainteart of the
sedimentary rock the constituent categories are considerad instfe interpretation
of depositional environments (Batten, 1996). Different palynomorph typegica
insight into ancient environments in which parent organisms livedwelk as
palaeoclimatic environments at source of sediments (Traverse, 1888jlies in
which acid-resistant organic matter have been categorizedite detiat are termed
palynofacies (Combaz, 1964) are very common in palynological investigaan
approach which is generally similar to the interpretation of sedange facies in
sedimentology (e.g. Courtinat, B., Piriou, S. and Rio, M, 2003; Roncalg)d4;
Martin-Closas, C., Permanyer, A. and Vila, M, 2005; Masselter, THarfichann, C,
2005).

1.4 Previous Work

There is a limited amount of previous palynological investigations tataer from
the Kalahari Karoo Basin of Botswana. The level and demditpalynological
information occurrence is still very low and of a sporadic natii@sadhe basin. No
palynofacies studies have ever been undertaken.

MacRae (1978) created the first preliminary biozonation sydtmmthe Karoo
Supergroup in Botswana, which was based on samples from one borehole (N1/3)
along the northeastern fringe of the basin. This work establisigedcturrence of
three concurrent range zones (I, I, Ill) based on the spesmg®s and quantitative
distribution of the major miospore taxa in the palynomorph assemblagés
positions of the lower and upper limits of the concurrent range zowresl I,
respectively, were not conclusive from this study.

In a combined palaeontological and radiometric studies to deterimnenset of
Karoo vulcanicity Aldiss et. al (1984) established the occurrendgadly Jurassic
palynomorphs i.eClassopollis intrareticulatus The palynomorphs were found in
fluvio-lacustrine sedimentary rocks of the Tuli Sub-basin, inteted with lava at the
base of Karoo basalt, marking the end of Karoo sedimentation and thelioppef
the Lebung Group.
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Dolby (1990) established the occurrence of two zones based on
micropalaeontological and palynological assemblages obtained flomea Karoo
Supergroup section (i.e. lower Ecca to Dwyka) intersected in aolgatn
investigation borehole (Masetlheng Pan-1) drilled in southwest Botsw The two
zones, from young to old, were assigned to an Early Permi&m8ian-Asselian)

and Late Carboniferous (Gzhelian-Kasimovian) age, respectively.

ECL (1990) developed a regional palynozonation scheme (MZI — MZV) in an attempt
to underline the importance of chronostratigraphic control within theek Karoo
sequence of southern Africa as opposed to the commonly used stphidgra
subdivision based solely on lithostratigraphic features acrossgtomreThe scheme
was based on palynological analyses of borehole and field samplesNaonbia,
Botswana, Zimbabwe and Zambia, in addition to published literature on Karoo
palynology. Much of the samples analysed from the Kalahaod<Basin were from

the Dwyka and Ecca section of the lithostratigraphy, and tlezeeed palynomorphs
indicate Permian age.

Drilling for water in a Tribal Grazing Land Policy programmesbuthwest Botswana
(northern Gemsbok Sub-basin) provided several lower Karoo Supergroup samples f
Cadman (1995) to establish six palynological biozones (A — F), basddssih
pollen-spore assemblages. The six biozones range from LateaRegfTatarian —
Kazanian) to Late Carboniferous (Gzhelian — Kasimovian) ages.

Key et. al. (1995) presents biozone and age divisions of a lower Kapergsoup
section from southwest Botswana, in the southern Gemsbok Sub-basin of the Kalahari
Karoo Basin. This work however does not include the data (palynomorph
assemblages) from which the biozones and ages were derived from.

The latest palynological publication from the Kalahari KarooiB&s the work of
Stephenson and McLean (1999) that gives details of palynological ldages from
the Morupule Main Seam, the main coal seam currently mined atpdlar Colliery,
along the eastern fringe of the Kalahari Karoo Basin. Extensgenal and
Gondwana-wide correlations based on palynological assemblagedailedde this
work. Strata of the Karoo Supergroup that host the Morupule Main Seassigned
to an Early Permian age.

Figure 3 is a summary of the previous palynological studies undertakeocks of
the Karoo Supergroup in Botswana.
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Figure 3 Summary of previous palynology studies in Botswana.
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CHAPTER 2: BACKGROUND GEOLOGY

2.1 Regional Setting

The Kalahari Karoo Basin of Botswana is one among severakEroporaneous
Karoo basins (Smith et. al., 1993; Johnson et. al., 1996; ECL, 1998) of southwester
Gondwana that became active in the Permo-Carboniferous times (Fig. 4).

Figure 4: Regional outline of the Karoo basins in Southern Africa (ECL, 1998).

Sedimentation in these basins continued to accumulate until itniexrsupted and
eventually brought to a close by widespread flood basaltic velwannitiated by
extensional tectonics in the early Jurassic, which marked thé ohsgondwana
break-up (Cox, 1992; ECL, 1998; Jourdan et. al., 2005). The maximum pre-erosion
areal extent of the Karoo basins of southern Africa, in eagymRn times, is
considered to have covered about 4.5 milliorf kvith a thickness range of 10 000m

to 1000m, recorded in the Main Karoo and Cabora Bassa basins, and the other
subsidiary basins, respectively (Smith et. al., 1993; Johnson et. al., 1986yeral
dolerite dikes, that are considered to represent conduits for Karadtshaare
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abundant across the region. The sedimentary fill of the Karoo basmgtiout
southern Africa have a remarkably uniform lithologic charasties and fossil
assemblages, which has been a great aid in regional stpdtigrcorrelation. In
addition, the Karoo basins of southern Africa host all the coal deposits in the region.

The largest of the Karoo basins, which is also the type basin fopksaratigraphy, is

the Main Karoo Basin of South Africa that is considered to have agsglas a
foreland basin to the Cape Foldbelt (Johnson, 1991; Smith et. al., 1993; Johnson et.
al., 1996; Turner, 1999). The Kalahari Karoo Basin of Botswana and ketieza
subsidiary basins in South Africa, Namibia, Botswana, ZimbalbwleMozambique

are classified as intracratonic sag basins or rift basins (Orpen et. al. VE98rs et.

al., 1989; Johnson et. al., 1996; ECL, 1998; Holzforster et. al., 1999).

The exact geodynamic setting for the Kalahari Karoo basin,htegetith the other
Karoo basins remains little understood. However, several workgrdaly et al.
(1991), Cox (1992), ECL (1998), and Turner (1999) have attributed origimesé t
basins to collision induced extensional tectonics related to the Ralaeozoic to
Early Mesozoic Gondwanide Cape orogeny that resulted from the sigodo€ta
palaeo-Pacific plate under southern Gondwana. The latter gaee toi the
development of the main Karoo Basin in the south as a retro-atarfdreasin to the
Cape Foldbelt (Fig. 5a, b), while the Kalahari Karoo Basin, and athlesidiary
basins, developed in the north as intracratonic basins.

Figure 5a: Late Palaeozoic Gondwana framework and the location of accretionary
foreland basins (Turner, 1999).
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Figure 5b: Geodynamic setting of the Main Karoo Basin as foreland basin to the

Cape Fold-belt (Turner, 1999).

Figure 6: Geodynamic model explaining the origin of the northern
Karoo basins (ECL, 1998).
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Through the
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collision-induced
tectonics ECL
(1998) invoked an
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that depicts
compressional re-
activation and
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development,
with a continental
“escape” vector,
as the main
setting for the
northern  basins

(Fig. 6).
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2.2 Structural Development

The sub-surface structural framework of the Kalahari Karombsdittle understood
due to widespread cover by sediments of the Kalahari Desettomment.
Consequently much of the covered centrally located Kalahari Kaasm has
hitherto been considered to define an intracratonic sag basin. alonty the eastern
fringe of the basin, where there is limited exposure and nearcsupstdrock, has it
been possible to demonstrate the occurrence of fault-bounded grabenresruct
(Green et. al., 1980; Williamson, 1996). In recent times though, the ysseuitial
field data (e.g. seismic, aeromagnetics) to delineate retmjostural elements, such as
faults and lineaments, indicates a rift basin setting for jpéitise covered interior of
the Kalahari Karoo basin (Davison and Steenkamp, 1995).

The structural evolution of the Kalahari Karoo basin appears to hamarfkenced
by pre-Karoo (Archaean, Proterozoic) structural elementsvaenced by the close
association of major interpreted geophysical lineaments (Rigand the basin
disposition

(ECL, 1998).

Such

lineaments

(Carney et. al.,

1994), which

includes the

Kalahari Line,

the
Makgadikgadi
Line, the

Zoetfontein
Fault, and fault
lines associated
with the Pan

African
Ghanzi-Chobe
belt, generally
parallels major
boundaries that

defines
segments of the
Kalahari Karoo
Basin (Fig. 8).

Figure 7: Major aeromagnetic interpretation lineaments associated with
the Kalahari Karoo Basin structural settisgyrce:DGS).
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Figure 8: Boundaries to sub-basins of the Kalahari Karoo Basin relative to major
pre-Karoo aeromagnetic interpretation structural elements.
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The exact nature of the relationship between the Kalahari and Kli&ggdi lines with
the Karoo basin configuration is not unequivocal. ECL (1998) considers the Kalahari and
Makgadikgadi lineaments to represent the edge of more stabdmicrétocks. In the
Ghanzi-Chobe belt Karoo rocks are preserved in fault-bounded grabenrssubiat are
clearly superimposed on older lineaments of the Pan Africanaa@rogeny (Modie,
1996). On the other hand, the Zoetfontein Fault, which appears todaetavation of
older tectonic features between the Archaean Kaapvaal Craton ddchfhapo Belt, can
be geophysically traced westward into the interior of the h&alaKaroo basin
(Williamson, 1996; ECL, 1998). A seismic survey interpretation of Karoo
Supergroup reflects reactivation of the Zoetfontein Fault during Kegdonentation and
its development as a growth fault (Davison and Steenkamp, 1995). Thatwtesctural
elements (i.e. open folds, normal faulting, inversion etc.) of the Kalkheoo basin, as
interpreted from seismic data, represent several phasesdbidi® Karoo and post-
Karoo compressional or extensional tectonics (ECL, 1998).

2.3 Stratigraphy

Sub-division of Karoo stratigraphy in the Kalahari Karoo basinargely based on
lithological distinctions than it is on palaeontological aspects usecaof the
unavailability of exposure to study fossils. The earlier “Karr8gstem” for
Bechuanaland by Green (1966) although implying a chronostratigrapjuerse was
essentially based on lithological factors and relied heavily giomal correlation with
the “Karroo System” of South Africa (e.g. Du Toit, 1954). SubsequethidyKaroo of
Botswana has been described under the lithostratigraphic teuper@oup” by
Stansfield (1973) working in the north of the country i.e. in the DUROR6C) and
Tlalamabele (2126A) areas. Several other workers in the cduatgysince adopted this
usage e.g. Aldiss (1983a/b), Meixner and Peart (1984), Smith (1984 ariéitin (1996)
etc. The Karoo Supergroup is divided into group and formation ranks megtici
have lithological equivalents in the Main Karoo Basin of South Afrasawell as in
Namibia and Zimbabwe.

The group nomenclature is largely adopted from the South Africatigsaphy, owing to
correlation with the better-exposed Main Karoo basin, and comprises such tegpiasl
the Dwyka, Ecca, and Beaufort groups (SACS, 1980; Carney et. al., 1994dehra.,

1996). Figure 9 shows a generalized lithostratigraphy of the Kaopargroup from
across the Kalahari Karoo Basin in Botswana. Overall, thadolithostratigraphy of the
Kalahari Karoo basin can be generally sub-divided into Lower and Wfapeo about a
major regional mid-Karoo unconformity (ECL, 1998). Sequencegrassito the Lower
Karoo include the Dwyka, Ecca, and Beaufort groups whilst thosgnasisto the Upper
Karoo include the Lebung and Stormberg Lava groups (Fig. 9).

Younger Cretaceous to Recent sediments masks much of the areainrgethe Karoo
rocks, except for pockets of exposures (Fig. 2) confined to the basge ffModie,
2000), as a result knowledge on the Karoo stratigraphy in Botswanaehed
extensively on borehole information obtained from coal exploration. However, sef/eral
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the coal exploration companies have tended to use different locakimmmames for the
same units, which pose difficulties during correlation. There tsnge formalised
stratigraphy of the Karoo Supergroup in Botswana. Smith (1984) divideldatadari
Karoo basin into seven depositional sectors or sub-basins (Fig.nl@)eobasis of
geological setting and facies changes, with some however delinea the basis of
convenience for description. Sequences established in the seven sulweasigs/en
local formation names and correlated across the country (Fig. hi9.lithostratigraphy
(i.e. Smith, 1984) now forms the basis for geological correlation of the Karoodgsoye
in the Kalahari Karoo basin of Botswana.
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STORMBERG
LAVA GROUP

LEBUNG GROUP

LITHOLOGY

DEPOSITIONAL
ENVIRONMENT

Basalt
> amygdaloidal

Continental flood basalts
>extensional tectonics related

to on-set of Gondwana break-up.

Red beds

> sandstone

> siltstone, mudstone

> sandstone, rare c/glomerate

Arid continental palaeo-climate

>Aeolian
>Fluvial
>Lacustrine

Siltstone, mudstone, limestone

Transitional >Lacustrine

Sandstone, siltstone,
carbonaceous mudstone, and
coal

Mudstone

De-glaciation, and amelioration
of the palaeo-climate.

>Fluvio-deltaic
>Swamps
>Lacustrine/marginal marine

Mudstone, varvites,
siltstone, sandstone,
and tillites

Glacial palaeo-climate
>Subglacial
>Glacio-fluvial

>Glacio-lacustrine

Figure 9: Lithostratigraphy and palaeoenvironments of the Karoo Supergroup, KalahariBasioo

Botswana.

Chapter 2: Background Geology

15



F18°s

22°

SUB-BASINS OF THE
KALAHARI KAROO BASIN
(Smith, 1984)

l
\X
\

—_— X — X — X — X —— X

SOUTHERN BELT CENTRAL —
KALAHARI SUB-BASIN /

Distribution of
the Karoo Supergroup

x

N /

X\){ —*

*—

go“ E 22° 24° 26° 28°

1 1 1 )

Figure 10: Sub-basins of the Kalahari Karoo Basin (Smith, 1984)
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KWENENG/WESTERN S.E. CENTRAL| NORTH EAST AND TULI
GROUPS SOUTHWEST | CENTRAL KALAHARI | MTMAMABULA S A LARARI NORTHERN BELT [NORTHWEST gag)y
STOMBERG LAVA Bobonong
(U. Stomberg Series) Lava Fm.
LEBUNG Nakalatlou Sst. Ntane Sandstone Formation Bodibeng Sst. [Tsheung Sst.
(L. Stormberg Series}  pongdong Fm. Mosolotsane Formation Nowasha (n/easl) | g, uti Fm,  |Pune Fm.
Pandamatenga : Korebo Fm.
(Beaufort Series) Kule Fm. Kwetla Em. Tlhabala Formation 2
- E?qrotlo Serowe Em. Marakwena |Seswe
. : Tlapana Fm. Fm.
Boritse Fm. Mmamabula M le E
orupule Fm.
eocA Otshe Fm. Fm. P Tale Fm. Formation
Ecca Series
Kweneng Fm. Mosomane |\ otaka Em. Mea Arkose
Fm. ?
Kobe Fm. Bori Fm. Bori Fm. Makoro Fm. Tswane Fm. 5 'I\:/'r?]fd'ah()g()l(
Middlepits Fm.
(DDV\YV)Y/IIS: Series) Khuis Fm. Dukwi Formation 5 ”
Malogong Fm.
Figure 11: Nomenclature and correlation of the Karoo Supergroup in Botswana (Smith, 1984).
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2.4 Sedimentary Evolution

The stratigraphy of the Karoo Supergroup (Fig. 9) in the Kaldfemoo Basin, as in
many of the other Karoo basins of Southern Africa, records dttcemnfsom a glacial
period through fluvio-deltaic and swampy periods and ultimately turaritgbefore
the extrusion of continental flood basalts (Smith, 1984; Smith et. &3; J®hnson
et. al.,, 1996; Williamson, 1996; Modie, 1999; ARI, 2003). The transition is
represented by a dominantly siliciclastic sedimentary seguearging from glacial
diamictites of the Dwyka Group to a succession of fluvio-deltaledstone and
mudstone units with intercalated coal beds, belonging to the Bcoap, and
siltstone and mudstone lacustrine facies of the Beaufort Groupitred way to
fluvial and aeolian red beds of the Lebung Group, and eventually theedirage
basalt lava flows of the Stormberg Lava Group (Green, 1966; Smith, VapEo,
1987; Key et. al., 1995; Williamson, 1996; Modie, 1999, 2000).

The Dwyka Group was deposited during the late Palaeozoic glewealt that
accumulated widespread glacial facies across southern Gond@enaell, 1983;
Eyles, 1983; Von Brunn and Gravenor, 1983; Visser and Loock, 1982). This
occurred during the migration of the southern part of Gondwana over the Balat
giving rise to a major ice sheet (Smith et. al., 1993). The Dwyikaup of the
Kalahari Karoo Basin consists of diamictite and fine laminatadstones that lie on
pre-Karoo topography and have been interpreted as tillites and varegpsctively
(Du Toit, 1916; Smith, 1984). Outcrop analysis of Dwyka Group deposits fr
southwestern Botswana support the interpretation of a pro-glsiatonment of
either marine or lacustrine setting as evidenced by the ecmaof proximal debris-
flow conglomerate in association with finely laminated atgtli with dropstones
(Modie, 2000). Rare exposures (Plate A) of the Dwyka Group odoug dhe
eastern fringe of the Kalahari Karoo basin and comprise weads&amictite, locally
interbedded with thin lenses of sandstone and laminated siltstonetimgflpossibly
the deposits of glacially-influenced environments e.g. subglacetjofluvial etc.
(Modie, 1999, 2000).

The Ecca Group, which succeeds the Dwyka Group, belong to the padtgkond

which is indicated to have been characterized by a complexityaalf and delta

plain systems with lacustrine and swampy conditions, in which sangdsitiseone,
mudstone, carbonaceous mudstone and coal beds were accumulated (Smith, 1984,
Williamson, 1996).
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Plate A: Rare exposure depicting the Dwyka — Ecca contexte(geological
hammer or arrowp South East Central Kalahari Sub-basin.

Plate B: Thinly bedded medium- to coarse-grained sandstone of the Ecca Group,
Southern belt Central Kalahari Sub-basin.
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It was during this period that plants colonised inland basin shoresinded
distributory bay areas and eventually provided ample organic dehbtisethto the
formation of coal beds. Evidence on the depositional environment islegcrom
the isolated exposures of Ecca Group deposits that occur alongtbmenargin of
the Kalahari Karoo basin (Modie, 2000). Exposures (Plate B) arendtedi by
medium to coarse-grained sandstone facies with a preponderance deid gra
lamination and planar cross- and trough-crossbedding. Palaeocteneist deduced
from limited outcrops reflect the occurrence of fluvial-dominategositional sectors
within the basin. Complimentary evidence from boreholes indicatdarge
proportion of the non-exposed Ecca Group deposits to be dominated by fihcargi
and carbonaceous facies with coal seams. Overall faciepretegion reflects the
occurrence of a very wet or swampy condition with a thriving véigetaolony,
developed within the floodplains of a major fluvio-deltaic system. arime
incursion during the early stages of the Ecca Group deposition aiediin the
southwest of the Kalahari Karoo basin, from the recognition of Hoshanarine
bivalve i.e.EurydesmdgEllis, 1979).

Further movement of Gondwana away from the polar region resultedmaticl
warming and increased aridity. This gave rise to depositioth@flacustrine-
estuarine Tlhabala Formation of the Beaufort Group (Smith, 1984;jawWdbn,
1996). The Tlhabala Formation is dominated by monotonous, non-carbonaceous,
often silty and calcareous mudstones with minor occurrencesnef fo coarse-
grained sandstones, siltstones, calcareous nodules and silty limgstbiiesnson,

1996; ECL, 1998). Rare exposures of Tlhabala Formation deposits occur in the
northeast part of the Kalahari Karoo basin i.e. Northern Belt &leikalahari Sub-
basin of Smith (1984). Limited sedimentary structures such as-toedstng and
ripple-marks, as well as carbonate content, indicates depositiolatively shallow

water and mildly arid environment (ECL, 1998, Modie, 2000).

Succeeding the Beaufort Group is the Lebung Group, which représerdad-phase
of Karoo sedimentation and indicates progressive aridity fracaskrine to fluvial
and aeolian systems (Williamson, 1996). The Lebung Group compriséahe

and Mosolotsane formations (also described elsewhere under looakiftn names),
which comprises clastic red-bed facies. Locally, a lowernuedtaic Lekotsana
formation has been identified in the eastern margin of the basihafvisdon, 1996).
The Mosolotsane Formation forms the basal unit of the Lebung Groupnongr of

the Kalahari Karoo basin. However, exposure of the Mosolotsane Fonmati
considerably poor with much information sourced from borehole intevssctand
indicates a dominance of siltstone and fine- to medium-grained sandstacheinor
mudstones as well as the occurrence of haematitic beds (Wétim 1996).
Elsewhere, the occurrence of calcareous nodules is notabla thg. Tuli sub-basin
(Modie, 2000). Overall, the internal facies and rare sedimentargtwes of the
Mosolotsane Formation are considered to reflect a predominantipvelveater,

terrestrial semi-arid environment of deposition, inclusive of a ld&havial system

(Williamson, 1996).
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The Mosolotsane Formation commonly conformably gives way to the Ntane
Sandstone Formation that forms the uppermost lithostratigraphic uthié dfebung
Group. The Ntane Sandstone Formation is primarily comprised of #ngleaces of
massive and bedded fine- to medium-grained sandstones of variablescthiat
includes yellow, red, white, orange or brown (Williamson, 1998; Modie, 2000)
Locally, the Ntane Sandstone Formation may consist of minor onassiltstone

and pebble conglomerate. The Ntane Sandstone Formation is exposactral S
isolated localities along the eastern fringe of the Kalahari Karan.bi&&ich of these
exposures, which consist of low-lying whale-backs as well ag &iltl escarpment
sections, show variable weathering and diagenetic effectte (B)a Environmental
interpretations based on limited sedimentary structures, which indtwdangle
planar and trough cross-bedding as well as rare high-angle cross-beddirextawad t
analysis that show high mineralogical maturity and sorting, teflec broad
depositional environment acted upon by both sub-aqueous and aeolian processes
(Modie, 2000).

Sedimentation in the Kalahari Karoo basin ended in the earlysiu @ddiss et. al.,
1984) when interrupted (Plate D) by widespread continental floodtbhadeianism,
initiated by extensional tectonics that marked the beginning of Garadimaak-up,

and resulted in the accumulation of the Stormberg Lava Group. The Karoo
continental flood basalt represents a major regional magmagiat ¢hat occurred
between 185 — 177 Ma ago giving rise to lava flows, sills, and culimgiait an array

of dykes (Jourdan et. al., 2005).
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Plate C: Erosional remnants of the Ntane Sandstone, Tuli Basin.

Plate D: Sandstone bed (white) inter-layered with basaltic lava, Tuli Basin.

| ave
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CHAPTER 3: MATERIALS AND METHODS
3.1 Core Descriptions and Sampling

A total of 9 cored borehole sections were selected from adredsalahari Karoo Basin
to provide samples for the purpose of this study (Fig. 12). These b&rebokksted of 6
previously drilled stratigraphic as well as coal exploration laee sections, and an
additional 3 borehole sections from the Coalbed Methane Project, of thisgharticular
study is a component of. Each borehole core section was logged anbetksath the
final logs constructed in Maplnfo Professional (Figs. 13 - 21).
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Distribution of
the Karoo Supergroup
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Kilometers
(® Borehole locations

o

o o o o
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Figure 12: Locality map showing boreholes sampled for the study.
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LITHOSTRATIGRAPHY

DEPTH

LITHOLOGY SAMPLE NUMBER

(M)

LITHOLOGICAL DESCRIPTION

KALAHARI
GROUP

LEBUNG
GROUP

Nakalatlou
Formation

[Sand and Calcrete

Dongdong

[Sandstone; med ined, cream white,
reddish. Interbedded red mudstone.

BEAUFORT
GROUP

Kule
Formation

Sandstone; medium-coarse, red, basal pebbly conglomerate.

ECCA

GROUP

Otshe
Formation

Mudstone; reddish.

Sandstone; fine-grained.

STRIBNM1P-02

TRIBNM2P-02
TR1BNM3P-02

02 _BNM3P-01
BNM4P-01
——BNMS5P-01

STRIBNM14P-02
TRLENM15P-02

TR1BNM16P-02
STRIBNM17P-02

TRI1BNM18P-02
TR1BNM19P-02
TRIENM20P-02

—. BNMGP-01
TRIBNM2LP-

TR1BNM22P-02
,,,,,,,, BNM7P-01
STRIBNM23P-02

— —BNMEP-01

TR1BNM24P-02

Kobe
Formation

—BNM14P-01

— —BNM1SP-01

DWYKA

GROUP

Middlepits
Formation

Mudstone; black, iron oxide lenses (after pyrite), coal laminae.

Sandstone; interbeds of fine-coarse, light brown, micaeous,
pyrite nodules, low-angle cross-bedding. Interbedded
dark, fissile/thinly laminated shales.

Carbonaceous mudstone; fining-up rhythmic lamination,
contorted/disturbed lamination, mudstone clasts,
thin sandstone beds with cross-lamination.

Carbonaceous mudstone and thin coal seams; Interbedded
siltstone and sandstone, disrupted laminae.

Sandstone; medium-coarse, pale grey-pink.

Mudstone; dark.

Sandstone; medium-coarse, white, thin carbonaceous
shale beds, faint cross-laminae.

Siltstone; white, sandy, thin carbonaceous mudstone beds.

Sandstone; fine-medium, granule-rich at base, rare dark laminae.

Sandstone; very fine, silty, white, no lamination visible.

Sandstone; fine-medium, pale white, coal stringers and dark
carbonaceous horizons, sporadic laminae near
base, fines-down into mudstone.

Mudstone; dark, fine parallel lamination:

Sandstone; fine-grained, white, thin mudstone beds and flasers.

Mudstone; pale grey-green, fine laminae, thin siltstone beds.
Conglomerate; matrix-supported (fine-medium sandstone).

Siltstone; pale grey, fine irregular bedding units.

Mudstone; pale grey, split easily into thin slabs.

gz BNMI6P-01

P, 68P-02

—————BNM17P-01

Khuis
Formation

Core
Missing

STR1BNME3P-02

TR1BNMB4P-02

TR1BNMBSP-02

—-BNM18P-01

——BNM19P-01

Malogong
Formation

—BNM20P-01

Figure 13:

Mudstone and siltstone interbeds; also thin interbedded
sandstone units. Dominanted by isolated pebbles.

[Sandstone; with siltstone and mudstone interbeds, convolute/
slumped laminae, thin intraclastic units, ripple drift
lamination, intraclastic sharp bases.

Mudstone; pale grey-green, rhythmic lamination, convolute
lamination.

Siltstone; pale green, massive, isolated pebbles.

Sandstone; very fine-grained, conspicuous dark irregular and
wavy lamination. Dark laminae consist of fine mud
at top of sandstone beds.

Lamination slightly regular and rhythmic downhole
e.g. sandstone-mudstone fining-up pulses.
Locally disrupted bedding/convolute bedding.

Mudstone; grey, structureless/massive.

Diamictite; matri , sandstone matrix (fin .
clasts dominated by quartz. Four interbedded
mudstone horizons.

STRAT 1 borehole section indicating sampled levels; sampinbers ending in

01 represent the initial 20 samples used for the trial run.
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Figure 14: CKP9 borehole section indicating sampled levels.

Chapter 3: Materials and Methods

[ CKP9BNM1P-02

CKP9BNM2P-02

Vudstone

[Sandstone; fine to medium-grained.

CKP9BNM3P-02

—CKP9BNM4P-02

Siltstone; dark grey, massive, extraclasts,
slumped bands, rare varves.

Siltstone; mid to dark grey, slumped sandy
laminae, micrite bands, mottled
and bioturbated sandstone
lenses, limestone and fissile
mudstone, ripple-cross laminae,

rare graded bedding near top,
micro-faulting and slumping,

KP9BNM5P-02
CKP9BNM6P-02

KP9BNM7P-02

CKP9BNM8P-02

Mudstone; delicate laminae, pebbly.

[Siltstone; dark grey, isolated pebbles,
slumped calcareous sandstone,
sandy limestone at top.

Mudstone; black, shaly (fissile), sporadic
siltstone laminae, rare coarse
grained sandstone lenses, thin
limestone bands, rare
extraclasts near base.

Mudstone; grey-black, massive, pebbly,
interbedded finely laminated
siltstone and fine-grained
sandstone (disturbed or
slumped).

limestone and calcareous
siltstone at the top.

Mudstone; black, finely laminated,
becomes dark grey with
clots of diamictite near base.

CKP9BNM9P-02

CKP9BNM10P-02

Diamictite; massive, structureless,
matrix-supported,
facetted and striated pebbles.

siltstone, marbles, ironstone,
banded chert, dolerite, syenite,
and granite.

sharp base.

Diamictite; stratified, shale interbeds, high
extraclasts of mainly quartzite.

pebbly clasts of arkose, quartzite,
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LITHOSTRATIGRAPHY

DEPTH
8]

LITHOLOGY SAMPLE NUMBER

LITHOLOGICAL DESCRIPTION

e
e
a sand, Calcrete, Silcrete
3 e
g
&
z e
ES 0
3 —
g
VYV VVVVVY VYV VY
e VYV VYV VYV VYV Y VY
VVVVYVVVY VY VY
- VVVVYV VYV VY VYV
00 MMMV VMMMV VIV Basalt; dark grey, am ygdaloidal
VVVVVVVVY VY VYV ; . i
—_— VVVVVVVVY VY VYV Y
VYVVVVVVY VY Y
5 = VYVVVV VYV VYV VY Y Y
e VVVVVVVVVVVVY VVVY
S P— VY VVVVVVVVYY VYV
< VYVVVVVVVVYY Vv
s - VYUYV VYV VYV Y VY vy
3 VYVVVVVVYYYY vy vy
2 - VVVVVVVVVVVVY VVVY
4 50 VYV YV vvvvvvvvvvy
z e VVVV VYV VY VY VY VY Y
S VYVVY YV VY VYV Y VY Y
5 b VYV Y YV YV YV VY VY Y
VYVVYVV VY VYV Y VY Y
- VYVVYVV VY VYYDV VY Y
VVVV VYV VY VY VY VY Y
KP6BNM1P-02 Sandstone; red, fine-medium , parallel and
cross-lamination, fining-up
— beds (c.2m thick)
2 < 00
-] e
PR
§ 8 E
g 238 =
e - [Sanastone: pale pINK and grey - whie, wavy
S and parallel lam inae, intraclastic
o N L horizons
S § <
2 £ s - Mudstone interbeds; red, purple, planar
- s g parallel lam ination, sandstone
35 50 beds with cross lamination
g s e
Sandstone; fine, medium -coarse, purple,
e
KPEBNMEP-02 green tints, conglom eratic base
& 5
S o P [Sstonc: arey, e tammation, miraciastic,
53 T E e dstone lenses, thin mudstone
F g8 units, sharp basal contact
2.0
00 Carbonaceous mudstone and thin coals;
o AL, interbedded fine-m edium
, £ pale white sandstone, grey-dark
i
3 g siltstone
8 8 7P‘1BP.19P‘ZOP‘21P—+
KP6BNM22P-02 Sandstone, medium coarse, wnite, graded
bedding, granule-rich layers,
e thin dark mudstone units
e
KPGBNM23P-02 Siltstone interbed; lam inated, thin coals
50 P Carbonaceous mudstone interbe
e
e
g = Sandstone and siltstone interbeds:
E pale white, disrupted laminae,
& - occassional carbonaceous
o mudstone units and thin coals
g
H 00
< e sandstone beds; pale white to grey, fine,
dium, coarse-grained,
N - KPEBNM44P-02 generally coarsening-up units,
H KPOBNMA5P-02 variable lam inae thickness
-4 KPSBNMAEP 0
o {
[Sstonc: pale grey and dark bands, finely
s e laminated, micro-slum ps and load
o KPG6BNMA4T7P-02 structures, lam inae occassionally
e disrupted and discontinuous, thin
50 coarse sandstone units near top
e
e KP6BNM48P-02
Mudstone; dark, finely laminated, thin
e limestone horizons
o e
g
] . Sandstone and siltstone; lam inated
& 00
= e Mudstone; dark, laminated, white sandstone
] lenses/thin beds, regular laminae
e and fining-up puises/rhythm ites,
thin limestone bed
e KPEBNMS5BP-02
e
KP6BNMS59P-02
e
50
e
[V oastonc, pale grey-green, Tne lammation:
- isolated clasts
e Siltstone; massive, isolated pebbles
Siltstone; finely banded/lam inated, pale
e
grey-green, convoluted lam inae
— Sandstone; very fine, slumpedicontorted
00 amination and bedding, rare
e regular lam ination
- Siltstone; massive, isolated pebbles
e Sandstone; contorted and wavy lam inae
e
Mudstone; pale and dark fining-up bands/
e amination, isolated pebbles
50
e Biltstone; massive, isolated pebbles,
are distupted laminae near top
e
— Siltstone; massive, isolated pebbles
o <
o s e
2 B Sandstone; intervals of pebbly siltstone
] % —
< & 00 Siltstone; pebbly, intervals of disturbed
g < e bedding
S H
e a8 e Sandstone; fine-grained, largely massive,
sporadic intervals of disturbed
e lam inae, fining-up beds, thin
conglom eratic intervals
e
KPGBNMO0P-02 Diam ictite; sandstone matrix, round to
— ngular clasts
50
S KP6BNM91P-02
Sandstone; massive, irregular banding and
lamination near base, sharp
- KPEBNMO2P-02 basal contact
e
Diam ictite; fining-up into pebbly siltstone,
. intervals of banded and
laminated sandstone, stratified
e
00
e
Sandstone; fining-up beds, cross-laminae
e
e Dolerite
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Figure 15:
CKP6
borehole
section
indicating
sampled
levels.
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LITHOLOGY

SAMPLE NUMBER

LITHOLOGICAL DESCRIPTION

Sand and Calcrete.
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Basalt.

Sandstone; fine-grained.

Siltstone; interbedded fine-grained
sandstone.

Mudstone; red.

BNMKGO03 1P-03

NMKGO03 2P-03

BNMKGO03 3P-03

BNMKGO03 4P-03

Mudstone; pale grey-green and grey.

Siltstone; pale grey, dominated by wavy
laminae, occassional fine regular
lamination. Rare low-angle cross-
lamination. Pyrite mineralisation.

NMKGO03 5P-03

BNMKGO03 6P-03

Sandstone; fine-grained, thin carbonaceous

Carbonaceougenqi'dstone and coal, banded
and laminated intervals. Pyrite.
Sandstone; fine-medium, grey to white, dark
carbonaceous laminae, laminae
concentrated at intervals.
Carbonaceous mudstone and coal; intervals

of sandstone beds. Pyrite.
Sandstone; coarse-granule, cross-beds.

Carbonaceous mudstone and coal; intervals
of sandstone beds, disturbed
laminae.

Sandstone; medium-coarse, white, graded.

Carbonaceous mudstone and coal.

BNMKGO03 7P-03

BNMKGO03 8P-03

Sandstone; medium-coarse, graded, thin
coal, granule-rich sharp base.
Sandstone; very fine, well-sorted, cross-

laminated, coal and mudstone.
Sandstone; medium-coarse, granule-rich,
basal conglomerate. .
Sandstone; medium-coarse-fine, rhythmic
banding, coal and mudstone.
Sandstone; very fine, fine cross laminae.
Sandstone; coarse-medium_ graded.

Figure 16: KGO3 borehole section indicating sampled levels.
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LITHOSTRATIGRAPHY ™ LITHOLOGY SAMPLE NUMBER LITHOLOGICAL DESCRIPTION
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Morupule Formation

Kamotaka
Formation

Sandstone; very fine to medium-grained,
pink to white, intervals of
purple shale and siltstone.

ML1BNM1P-03

Mudstone; red, grey-green intervals, broad
lamination, rare clasts.

grey, red intervals, massive.

Mudstone; pale grey-green, massive, silty,
rare extraclasts and nodules,
micro-fractured,
uniform lithology.

Siltstone; massive, grey, grey-green
intervals, calcareous (or silty
limestone) bed at top. Sandstone
interval with ripple cross-
lamination. Mudstone interbeds.

Carbonaceous mudstone and coal;
interbedded non-carbonaceous
siltstone, with rare fine parallel
lamination and cross-lamination,
locally deformed lamination.

Non-carbonaceous mudstone
intervals.

Carbonaceous mudstone and coal

Sandstone; white, coarse-grained, graded
bedding, micaceous, fining-
up lamination near top.

Figure 17 ML1 borehole section indicating sampled levels.
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LITHOSTRATIGRAPHY D(E;;I—H LITHOLOGY SAMPLE NUMBER LITHOLOGICAL DESCRIPTION
E a [ Sand, Calcrete, and Silcrete.
<
xS
25
X e
VVVVVVVVVVVVV Basalt: pink thered
) VVVVVVVVVVVVY asalt; pink, weathered.
<>( 50 VVVVVVVVVVVVV
-
O% VVVVVVVVVVVVV
& |—
w 8 VVVVVVVVVVVVV Basalt; dark, amygdaloidal.
go | VVVVVVVVVVVVV
o VVVVVVVVVVVVV
o - VVVVVVVVVVVVV
)]
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.g Sandstone; very fine-grained, pale white to
© f— pink
£
=
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[T —
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c
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2
17}
2
3 8
e o 150
o g
z
Q
= |—
=) @
o % Mudstone; pink and green, interbedded pale
w @ ,5 — white sandstone.
o=
S E
a =
2o
< 5 =1L |200
T2 —
1] 5] Sandstone; medium- to coarse-grained,
2 § - white, granule-rich.
v O
= Ll
Mudstone; pink-grey to grey.
250
a 5 [ ML2BNM1P-03
2 = Mudstone; pale grey-green, massive, stratified
8 g — near base i.e. interbedded th in
o 5 sandstone layers.
(g =
-
x g
Q £ 300 L2BNM2P-03
?( _::c gndstone; pale grey-green, medium- coarse, =
w = | L2BNM3P-03 \— = —jaminated, graded, fining-u p, pebbly I
m ryer and basal conglomerat ic bed.
Mudstone; massive, grey (slightly darker).
350
— Carbonaceous mudstone and coal;
interbedded dark grey mudst one
c L2BNM4P-03 near top.
o
25
g c interbedded sandstone, very fine-
> 5 grained, cream-white, dark irregular
0w fine lamination and coal stringers.
o
2
o
@ c Carbonaceous mudstone and coal;
o 2 |400 sandstone lenses near base
Z2 —
£
=
O b
< '
%) o
O S b=
w [=%
2
<]
(o= s -
X
T2
<] g —
I % 5 450 ML2BNM5P-03 / Sandstone; conglomeratic, cream-white.
1 LL
Dolerite.

Figure 18: ML2 borehole section indicating sampled levels.
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LITHOSTRATIGRAPHY D'{E'\;"TH LITHOLOGY SAMPLE NUMBER LITHOLOGICAL DESCRIPTION
o Calcrete
=) —
o
% | Sandstone; fine to medium-grained,
— pale red.
x -
<
T —_———
g — Mudstone; pink and grey-green intervals,
< intercalated sandstone bed.
< 50 L [Mereaidiel Santbone et
[—TLMB1BNM1P-02 Smstone. red
< — N EEEE—— Basalt; weathered section at top.
S VVVVVVYV
< — VVVVVVYV
Oa VVVVVVYV
x — . :
w3 VVVVVVY Basalt; amygdaloidal at intervals.
023 x . VVVVVVYV
O VVVVVVYV
o 100~ |vvvvvvy
n VVVVVVYV
Sandstone; fine- to medium-grained,
- — pale pink, broad banded
s | _____lamination near base.
5] Siltstone; finely laminated, cross-laminated,
§ — interbedded sandstone beds witl
2 LMB1BNM2P-02 \7773?1@97007”&&87 77777 ‘
) 150 i f f
o = MBIBNM3P-02 Sandstone; fine-grained, light brown.
:) —
e} s I S
x 5 Mudstone; pink, interbedded sandstong.
o n — T
10 o Sandstone; fine-grained, pink-white,
z s interbedded siltstone.
a z Sandstone; fine- to medium-grained, light
w — brown to white, mudclasts
00 near base.
2 LMB1BNM4P-02 Mudstone; green, red, purple.
T | LMB1BNM5P-02 R .
9o Siltstone; pale white, red mudstone
% s | intercalations near base.
4 % Sandstone; broad lamination near top,
S - LMBBNMGP-02 green-pink mudstone near base.
Sandstone; intercalated finely laminated
grey mudstone.
250 LMB1BNM7P-02
g c
3 S _
x © Mudstone; massive, grey.
O 1 — LMB1BNM8P-02
o
b s -
o) < LMB1BNM9P-02
2 o
-
e
e P
Mudstone; grey, intercalated dark
— LMB1BNM10P-02 horizons, fine splitting
near base.
c -
% 2 LMB1BNM11P-02
o) ] 350
& £
O] © .
< w — Mudstone; dark, carbonaceous, interbedded
Q g | coal seams, slightly sandy near
g = base.
©
= -
— LMB1BNM12P-02
1400
- Gneissic basement.
z 5 - [
g goow
T E a .
O n = L Dolerite dyke.
x < O
< d O |50
X X X X X X X
— X X X X X X X
X X X X X X X
[— X X X X X X X

Figure 19: TLMB1 borehole section indicating sampled levels.
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SAMPLE NUMBER

LITHOLOGICAL DESCRIPTION

Sandstone; fine-grained, vari-coloured
i.e. pale white, pink, purple
grey-green. Massive, fine
to broad lamination. Rare
intraclasts.

interbedded mudstone,
pink, red, purple, banded,
conglomeratic layers.

ATBNM1P-03

Siltstone; sandstone lenses/lenticular
bedding.

Sandstone; fine-medium, silty layers,
pebbly, pebbly layers, rare
mudstone layers.

medium-coarse, pebbly,
conglomeratic layers.

conglomerate.
Mudstone; silty, red, disturbed laminae.

wavy laminae, sandy
lenses, disrupted laminae,
micro-faulted, conglomerate
layers.

pale grey-green interval,
banded, sandstone bed.
interbedded sandy bed
with disturbed laminae.

Sandstone; medium-coarse, graded,
cross-bedding, dark lamination,
rare mudclasts, thin mudstones.

NATBNMS5P-03

NATBNM6P-03

NATBNM7P-03

Mudstone; grey to pale grey-green,
red interbeds near top.
massive, silty limestone

horizons. Sandy and

micaceous near base.

interbedded sandstone,
fine-medium, graded
laminae, mudstone drapes,
conglomeratic base.

grey to pale grey-green,
darker near base.

Mudstone; dark, carbonaceous.

Dolerite with top chilled margin.

Figure 20: NATA borehole section indicating sampled levels.
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MES8

LITHOSTRATIGRAPHY D'(Eh';)T H LITHOLOGY SAMPLE NUMBER LITHOLOGICAL DESCRIPTION
a |10 ISandstone; coarse-grained, cream-white,
8 graded beds, broad laminae.
0] 20 .
x cc = y thin carbonaceous mudstone
o g % 20 Eg:gzm;ﬁ gg and coal intervals.
< 8 é — ES8BNM3P-03 Carbonaceous mudstone; silty.
8 § 2 |40 E58BNM4P-03 Sandstone; pebbly and conglomeratic layers,
w ME58BNM5P-03 carbonaceous and coal layers.
50
Diamictite; matrix-supported, medium-coarse
go 2l o é 60 ES8BNM6P-03 sandstone matrix, angular to
> 8 o 2 5 s g [ rounded clasts, banded siltstone
% Tlus g 88|35 [0 with fine delicate laminae (rare).
moal 9g|On ME58BNM7P-03
(4]
208l § S |80 Sandstone; red with white patches/spots.
S el >0
Figure 21: ME58 borehole section indicating sampled levels.

An initial 20 samples were collected from STRAT 1 borehole, sadnai a wide spacing
to cover the extent of the borehole section, and used as a trial daetermine the level
of preservation of palynomorphs in the Karoo Supergroup of the Kaldhesd Basin.
Preliminary analyses on the 20 samples indicated that the Kinaba sad a significant
occurrence of palynomorphs (pollen and spores), and also that the palphsmvere
relatively well preserved, and hence the sequence was considéaddesto undertake a
biostratigraphic study for correlation purposes. A more closelyesibgampling exercise
was undertaken in STRAT 1 core section at a later stage, wdsgatiad in an additional
100 samples collected. Sampling interval varied according tatiwars in the litho-
facies throughout the borehole section. In general the intervals were cpaeéd in the
argillaceous facies ranging between about 20cm apart to 3mh \&@pareas for the
arenaceous facies the sample range was between about 0.5m to 10m apart.

The remaining 8 borehole core sections were then also sampledl ahd samples
submitted to the Palaeontology Laboratory of the Universite de @ret@ccidentale,
Brest, France, for sample preparation. Preliminary exaromati slides from all the
borehole samples indicated that palynomorph yields were variabsapgie, as well as
between boreholes, from very poor i.e. 1 to 5 recognisable specinoegspod i.e.

hundred’s of better-preserved specimens. STRAT 1 borehole sampletehhest

preserved palynomorphs, and consequently, it was selected to &tandard reference
section in this study. Although with less well-preserved specimam&hole CKP6
forms an important control point in this study, more especialtgesiit provides a
complete section across the Karoo Supergroup. Data on the numbeiptdssand their
yields per borehole is presented in Table 1.
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Borehole Number of samples Samples yielding| Barren samples
submitted palynomorphs

STRAT 1 120 113 I
CKP6 95 78 17
CKP9 10 9 1
TLMB1 12 2 10
ML1 5 2 3
ML2 S 0 S
KGO03 8 6 2
MES8 7 I 0
NATA 8 2 6
Totals 270 219 51

Table 1 Number of samples submitted for the study and their status of palynomelqid yi

3.2 Sample Preparations

Miospores, e.g. spores and pollen less tham2@0e usually produced in large numbers,
and because of their smaller sizes are widely dispersedthyal agencies dominated by
wind and water currents. These miospores are ultimately inedgaomto sedimentary
deposits as evenly dispersed particles, and will form a part ofctmsolidated
sedimentary rock formations. In order to undertake palynologésalarch a procedure
commonly referred to as the “Maceration Process” is requiocedtife purpose of
liberating the miospores from the surrounding rock matrix as veetbaseparate and
concentrate the miospore fraction. There are several techniqueésyed during the
maceration process and most of them are described in many pobbcatcluding the
detailed review of Wood et. al. (1996). The techniques usually vargcordance with
the nature and composition of the rock samples to be macerated. s Istutly the
procedure followed is that developed at the Lab de Palaeontoldgigeersite de
Bretagne Occidentale, Brest, France. A summary of the method is desctdved be

Preparation of sample

i) The sample is cleaned and washed with brush and water to remou#eposs
contaminants.
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i) Then the sample is dried and crushed in a ceramic mortar to abaut-1m
2mm size fragments.

Acid dissolution

i) The sample is dissolved in HCL to remove carbonates; no HCL veakinis
this case as no carbonates were found.
i) The sample is then dissolved in 48% HF to remove silicates.

i) The dissolution process usually takes 12 — 24 hours and is conducted in a
fume chamber with an extractor to expel gaseous fumes reledissdmples
were dissolved in 24 hours.

iv) The residue is washed twice in 1000ml water allowing it tdeseétt the
bottom in 1 hour.

V) Treatment of residue with HCL to dissolve fluoro-silicatesmied during
preceeding reactions.

Vi) Treatment of residue with HNO3 to remove fine patrticles.

vii)  Treatment with KOH to clean the residue.

Sieving

) After acid dissolution, the residue is sieved through ar208ieve to retain
large organic particles, which may contain mega spores anddaliga that
could easily break.

i) The more than 20fin fraction is examined separately, with individual
specimens of megaspores picked by capillary action using apgtgete and
prepared for a SEM analysis.

Heavy liquid separation and concentration

)] The less than 200n residue is subjected to centrifugation and heavy-liquid
separation to obtain a final residue. LST heavy liquid (a lowcityxi
concentrate ofithium heteropolytungstatesm water, with optimal working
density of 2.85, but in this case adjusted to 2.2 for the separation of
palynomorphs) is used for density separations. The LST heavy liquid i
preferred because it can be dissolved in water and does not prodicce tox
fumes like other liquids such as bromoform that uses alcohol. L&Wyhe
liquid also has a relatively low viscosity and hence allowsefagtrain
separations.

i) A concentrated organic residue, which forms the “light mineraksCtion in
the separation process is obtained as the final residue.

Slide preparation

) A drop of residue is placed on slide followed by a drop of dispersaltatipe
two are then mixed and allowed to dry.
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i) A drop of glue is then placed on the slide and a cover-slip fixed.
iii) Finally, the covered slide is warmed and dried, and is ready for use.

3.3 Microscopy

A transmitted-light microscopé_¢itz DIAPLAN) was used in routine slides analyses for
the examination and counting of palynomorphs and sediment organic mattey. T
microscopic examinations were conducted in magnification power250xx 625 and x
1250, the latter with oil immersion in order to facilitate the gtafifine morphological
features of palynomorphs. A magnification of x 500 was used gitini@ counting
exercise. Photomicrographs were taken with an attached digiteraawhich stored
images in JPEG file format; these were later transfeto a computer for further
analyses and presentation. The coordinates for specific palyplosnand the different
categories of sediment organic matter, on the slide surface, neeorded using the
England Finderfor future retrieval. In order to increase the chance of iyamgi genera
and species occurrence in the samples considered, the entire sdirféides per sample
was traversed; this was made sure by allowing a slightagverd the field of views at
consecutive positions of the microscope stage. However, the gqtisattount involved
traverses that were non-overlapping in field of views; the trasengere spread-out in
order to cover the entire limit of the slide surface and th@ars¢ion depended on the
distribution of material per slide.

3.3.1 Qualitative analysis

This comprises the study of palynomorphs at generic and specifis ithin each
sample, in order to establish the stratigraphic range of eaclespeDetails of the study
involve the examination of the morphology and fine structures of theqralyrphs, as
well as measurements of important dimensional attributes. (E&ys 26). The resultant
generic and species content of the palynomorphs examined in eachtipeodample is
presented in Figures 27 — 35.

3.3.2 Quantitative analysis

This constitutes the determination of the distribution of major suprargepalynomorph
taxa and categories of sediment organic matter or palynofaciggrcentage relative
abundance, throughout the borehole core. Details of the analysis involVecoisnts of
individual specimens of the supra-generic palynomorph taxa and pre-deéitegpbries
of the sediment organic matter. Categories of palynomorphatacasediment organic
matter for counting were defined following completion of the qual#aanalysis, which
provided a good assessment of the types of material present oslides. The
classification of the sediment organic matter or palynofaaiements generally follows
that discussed by several authors (e.g. Mussard et. al., 1994; TysonB&f6s; 1996;
Courtinat et. al., 2003). A summary of the categories counted inpredsen Table 2,
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with some examples illustrated in plates PF1 — PF3. The countingdures adopted in

this study are similar to those discussed in Traverse (1988) and Tyson (1995). In both the
major groups i.e. palynomorphs and sediment organic matter, counts 1thdas300

were undertaken per slide. Fields of view were arbitrarilgcsed far enough apart,
based on microscope stage coordinates, in order to increasecaealge as most slides

were very rich in material. The relative abundance of themgaoups of palynomorph

taxa and sediment organic matter considered in this studilusteated in Figures 36 -

39.

CLASS DESCRIPTION CATEGORY

Brown, dark to semi-opaqge, woody; 1. Brown equidimensional (BRNE)

with or without biostructure. 2. Brown lath-shaped (BRNL)

g Black or opaque, WOOdy; 3. Black equidimensional (BLKE)

@) with or without biostructure. 4. Black lath-shaped (BLKL)

n

N—r

ad PHYTOCLASTS Pale, thin, irregularly shaped cuticle and | 5- Cuticle and membranous

l|'|_J membranous tissues. tissues (CAMT)

|_

< R Dt

s Grey, yellowish brown, or black degraded | 6. Degraded phytoclasts (DGPH)

O phytoclasts; most resembles AOM but with

> recognizable traces of original outline.

<

8 AMORPHOUS ORGANIC Pale to grey, unstructured, irregular 7. AOM

O MATTER micro-granular masses - AOM.

|_

zZ 8. Saccate pollen (SAPO)

Ll Pollen and spores 9. Plicates (PLIC)

= 10. Spores (SPOR)

a |l b

L 11. Acritarchs (ACRT)

0 Phytoplankton 12. Prasinophytes (PRSN)

PALYNOMORPHS 13. Chlorophytes (CHLR)

Undetermined palynomorphs 14. Undetermined (UNDT)

Azonotriletes - laevigate (AZLA)
Azonotriletes - apiculate (AZAP)
Spores Zonolaminatitriletes (ZOLA)
Murornate (MURO)

Other spores (OTSP)

Monosaccates (MOPO)

Bisaccate striate (BIST)
PALYNOMORPHS Pollen Bisaccate non-striate (BINS)

Plicates (PLIC)

Acritarchs (ACRT)
Prasinophytes (PRSN)

Other palynomorphs Chiorophytes (CHLR)
Undetermined (UNDT)

Degraded palynomorphs (DGPA)

SUPRA-GENERIC TAXA

Table 2: Categories of sediment organic matter and supra-generic taxa.

Chapter 3: Materials and Methods 36




CHAPTER 4: PALAEOPALYNOLOGY SYSTEMATICS

Palaeopalynological studies are now considered of great potntalrces of biological
information that can be used to acquire better knowledge on the phylofyjanyumber
of fossil groups. However, the complexity of relating disperseae®abic and Mesozoic
spores and pollen to their parent plants remains a major task, whigh the
palaeobotanists seem to have greater interest. Palaeopalytsotmyithe other hand,
commonly of geological background, are more inclined toward stuiieslving
geochronology, biostratigraphy and palaeoecology for the purpose of ditohkg,
correlation and environmental interpretations. Consequently, the abfoécéaxonomic
system used is usually dependent on the nature and purpose of theFiudyis study
therefore, of largely biostratigraphic nature, a neutral sclggmerally based on revised
versions (e.g. Smith and Butterworth, 1967; Foster, 1979; MacRae, 1988; Traverse, 1988;
Marques-Toigo and Klepzig, 1995) of the Potonié’s (Potonié EdS®q) suprageneric
turmal system is followed. This classificatory scheme omgsnispores and pollen
according to morphological features, without any phylogenic connotabanallows for
the recognition and identification of palynological assemblages.

A minor but significance occurrence of acritarchs and otheraimpiytoplanktons were
noted in the study material. However, due to the complexity setfms and the lack
of any definitive and universally accepted classificatatyesne their descriptions only
followed broad general groups.

4.1 Terminology

Definitions for most of the terms used in the systematic qesmms are commonly
acceptable and widely used throughout much of palynology literatgre<@mp, 1965).
Figures 22 to 26, which depicts the principal morphological featur@sreasurement
terminology used, were sourced from the following works: Smith anteBvorth(1967),
MacRae(1978), Traverse(1988), Playford and Dettmann(1996), and Millsteed(1999)
Extensive use has also been made ofGlessary of Pollen and Spore Terminology
(Hoen, 1999). The terminology of acritarchs was sourced from valitevsture that
includes Segroves (1967), Cramer and Diez (1979), Tappan (1980), Martin (@883),

an extensive use of Fensome et. al's (1989@)tarchs and Fossil Prasinophytes: An
Index to Genera, Species and Infraspecific Taxa, AASP Contributions Series Number 25
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radii or arms

of laesura
curvatura equator
perfecta
proximal
pole interradial
region

radial
region

I. Polar view of trilete spore from tetrahedral tet  rad.

laesura

length equatorial

diameter

Ill. Measurement terminology and features of acavat e spores.

. proximal view
proximal

contact

curvatura proximal
perfecta surface

_____ k- equatorial axis

distal
surface

distal

pole equator
distal view
IIl. Lateral view of trilete spore.
Intexine S%L:ﬁgzgfl
diameter|

IV. Measurement terminology and features of cavate
zonate spores.

Figure 22 Principal morphological features and measurement terminology of tipletess
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curvatura
imperfecta

proximal

pole

equator—j

contact
area

I. Polar view of monolete spore from tetragonal

tetrad.

pole

pole

proximal

equator

proximal
pole

transverse
view >

equatorial
plane

distal

pole

II. Equatorial longitudinal view of monolete spore

laesura
length

breadth

length

equator

Figure 23: Principal morphological features and measurement terminology of monolets.spore
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colpus proximal view
A4

transvers

view colpus:

distal view equator

I. Equatorial longitudinal view of a monocolpate po llen II. Polar view of monocolpate pollen.

> breadth

I1l. Measurement terminology for monocolpate pollen

length

Figure 24: Principal morphological features and measurement terminology of monocolpate poll
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saccus .
proximal saccus
attachment

corpus

\ laesura
fold

system

1. Polar view of a trilete monosaccate pollen.

equatorial
diameter

proximal
pole

corpus

saccus

distal
pole

proximal view

v

A

distal view

laesura

proximal sacci
attachment

fold
syster

distal saccus
attachment

1. Lateral section of a monosaccate pollen.

laesura
length

~_

corpus diameter

1ll. Measurement terminology for monosaccate pollen

Figure 25: Principal morphological features and measurement terminology of monosactate pol
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proximal view

proximal
proximal saccus
attachment
saccus
. distal pole
distal saccus i i
attachment distal view
I. Lateral view of bisaccate pollen.
taeniae
saccus
corpus
breadth
striae
corpus

Ill. Polar view of striate bisaccate pollen.

transverse

/ axis
corpus
saccus

™

u inal

fold system s

1. Polar view of bisaccate pollen.

saccus length

corpus length

saccus
breadth

oz
\ /

distance between sacci

Total length

IV. Measurement terminology for bisaccate pollen.

Figure 26: Principal morphological features and measurement terminology of bisacdategrains.
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4. 2 Systematic Descriptions

AnteturmaPROXIGERMINANTES Potonié 1970
TurmaTRILETES ReinschemendDettmann 1963
SuprasubturmACAVATITRILETES Dettmann 1963
SubturmaAZONOTRILETES LuberemendDettmann 1963

InfraturmaLAEVIGATI Bennie & KidstoremendPotonié 1956
Genus CALAMOSPORA Schopf, Wilson & Bentall 1944

Type species Calamospora hartungian&chopf in Schopf, Wilson & Bentall 1944 (by
original designation); Late Carboniferous, lllinois, U.S.A.

Calamospora aplataBharadwaj and Salujha 1964
Plate 1, figure 1

1964 Calamospora aplat®8haradwaj and Salujha, p. 191; pl. 1, figs. 13 — 15.
1965Calamospora plicatgLuber and Waltz) Hart, p. 135; text fig. 350.

For synonymy see MacRae (1988).

Description: Spores trilete, with mark placed off-center of grain. Amb gelyesub-
circular but exhibits polygonal edges due to folding. Laesuraendistivith
darkened margins or labra, extends % to % spore radius. Exinerf.8ick,
laevigate, scabrate, conspicuously folded. Few specimens with marolate
texture.

Dimensions: Equatorial diameter; 35(44)66 (19 specimens, STRAT 1), 36(44)94
(14 specimens, CKP6). Specimens with pronounced longer axis in one dimension
were not included.

Remarks: The genus is known to have so few distinguishing characters foakyprms
despite quite a number of species having been erected in the past &
Butterworth, 1967). The specimens (p.136; pl.3, figs.7-8) assigned iy Snai
Butterworth (1967) taCalamospora parvasuennel 1958 appear very similar to
the present species and is probably consped@emlamospora microrugosus
(Ibrahim) Schopf, Wilson & Bentall 1944 has an extremely lasjg compared
to the present specie€alamospora brunneol¥irbitskas 1983 described (p. 32
—33; pl. 1, figs. 1-3) by Utting (1994) is considered conspecific wighpresent
species.

Occurrence: STRAT 1, CKP6, CKP9, ME5SS.
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Previous records: India; Permian (Bharadwaj and Salujha, 1964). South Africa; Late
Carboniferous to Permian (Anderson, 1977; MacRae, 1988). South Amerinaarrer
(Marques-Toigo and Klepzig, 1995). Canada; Permian (Utting, 1994).

Genus CONCAVISPORITES Pflug 1953
Type speciesConcavisporites rugulatusflugin Thompson & Pflug 1953

Concavisporites mortoni{de Jersey) de Jersey 1962
Plate 1, figure 2.

1959 Leotriletes mortonde Jersey, p. 354; pl. 1, fig. 15
1962 Concavisporites mortorde Jersey, p. 4; pl. 1, figs 14, 15.
1967 Leiotriletes lukugaensikar & Bose, p. 9-10; pl. 1, figs 3, 4.

Description: Spores radial, trilete. Amb triangular, inter-apices concgvega rounded
to sharply curved and tending to slightly laterally expanded. Laesliséinct,
commonly flanked by tori, often terminates into curvatura impexfeg&ixine 0.5-
1 m, laevigate or commonly distally sculptured with faint grana.

Dimensions:Equatorial diameter; 21(26)26 (10 specimens, STRAT 1)

Remarks: With the exception of faint granulate texture, the present spesiraee
indistinguishable from the from the specimens with concave sides (p.33;
figs. 6-8) described and assigned by Utting (1994)kiotriletes ulutus

Occurrence: STRAT 1, ML1.

Previous records: South Africa; Late Permian (MacRae, 1988). Canada; Permian
(Utting, 1994).

Concavisporites sp.
Plate 1, figure 3.

Description: Spores radial, trilete. Amb triangular, inter-apices sligbbiycave, apices
broadely rounded. Laesurae distinct, extends to about % spore radiusndide a
tapering towards apex. Tori poorly developed but distinct. Exin€l Grf
laevigate. Rarely scabrate and distally faintly micro-granulate.

Dimensions: Equatorial diameter; 31(36)36h (7 specimens, STRAT 1), 30(35)418 (6
specimens, CKP6).

Remarks: The specimens (p. 33; pl.1, figs. 4-5) with straight to slightigvex sides

described and assigned by Utting (1994)L@otriletes ulutusare considered
conspecific with the present specimens.
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Occurrence: STRAT 1, CKP6, KGO3.

Previous records:Canada; Permian (Utting, 1994).

Genus DELTOIDOSPORA MineamendPotonié 1956
Type speciesDeltoidospora halliiMiner emend Potonié 1956

Deltoidospora directgBalme & Hennelly) Norris 1965
Plate 1, figure 4.

1956 Leiotriletes directuBalme & Hennelly, p. 244; pl. 1, figs 1 — 4.
1965 Deltoidospora directdBalme & Hennelly) Norris, p. 240; figs 1b, 7, 8.
1965 Deltoidospora directdBalme & Hennelly) Hart, p.133, text fig. 343.

Description: Spores radial, trilete. Amb triangular, interapices slghtinvex, apices
broad to slightly sharply rounded. Laesurae distinct, straight to sinextesd to
equator; occasionally develop Curvatura Imperfecta. Exine 0.5m thick,
proximally laevigate; distal face commonly micro-granulate cabsate, micro-
punctate to rarely foveolate.

Dimensions: Equatorial diameter; 28(42)66 (28 specimens, STRAT 1), 28(45)56 (23
specimens, CKP6).

Remarks: The relationship betwedbeltoidosporaandLeiotriletesis briefly discussed in
MacRae(1988) and Millsteed (1999) following Norris (1965) and StapBe().
The views expressed by MacRae(1988) considellatjoidosporaas a senior
synonym taLeiotriletesare accepted.

Occurrence: STRAT 1, CKP6, CKP9, NATA.

Previous records South Africa: Late Carboniferous to Permian (MacRae, 1988;
Millsteed, 1999). Australia: Late Carboniferous to Permian (Banktennelly,
1956; Foster, 1975, 1979).

Genus PACHYTRILETES Bose & Kar 1966

Type speciesPachytriletes densuBose & Kar 1966 (by original designation)

Pachytriletes splendenSaksena) Millsteed 1999
Plate 1, figure 5.

1971 Densosporites splendefsksena, p. 245; pl. 2, fig. 24.
1977 Pachytriletes densu8ose & Kar) Anderson, p. 65; pl. 63, figs 1-31.

Chapter 4: Palaeopalynology Systematics 45




Description: Spores radial, trilete. Amb sub-triangular, interapices sjigbtinvex,
apices round to angular. Laesurae distinct, straight to rarelgus, extend full
extent of intexine diameter; appear to terminate at exoxinechwbeems
separated. Exine 2 - B thick, occasionally appears double-layered; proximally
laevigate to distally micro-punctate.

Dimensions: Equatorial diameter; 28(37)48 (18 specimens, STRAT 1), 31(41)54 (30
specimens, CKP6

Remarks:
Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South Africa: Early Permian (Anderson, 1977; Millsteed, 1999).

Genus PUNCTATISPORITES Ibrahiemend Potonié & Kremp 1954

Type speciesPunctatisporites punctatus(lbrahim) Ibrahim 1933 (by original
designation)

Punctatisporites gretensiBalme & Hennelly 1956
Plate 1, figure 6.

1956 Punctatisporites gretensBalme & Hennelly, p. 245 — 245; pl. 2, figs 11 -13.
1977 Punctatisporites mediusnderson, p. 68; pl. 65, figs 8 — 9.

Description: Spores radial, trilete. Amb circular to sub-circular and tentbngundly
triangular. Laesurae distinct, straight to curvi-linear, ma$eabout % of spore
radius. Exine 2 - 4m thick, laevigate; occasional micro-puncta commonly
displayed in polar regions. Rare specimens appear double layered.

Dimensions:Equatorial diameter; 45(60)10@ (24 specimens, STRAT 1)

Remarks: The genus generally has few distinguishing characters. Sesparads with
morphological characters identical to thosePofgretensisBalme & Hennelly
1956 have been assigned to different species based on size differelovesver
the size ranges show much overlap in most casesgracilis Anderson 1977
seems to be different because of it's commonly lighter colouahddéendency to
folding compared to the much darker and seemingly rdbugtetensiBalme &
Hennelly 1956.P. parvusAnderson 1977 has the smallest size range.

Occurrence: STRAT1, CKP6, CKP9, KGO3, MES58, NATA.
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Previous records: Gondwanalate Carboniferous to Permian (Foster, 1975; Anderson,
1977; MacRae, 1988; Backhouse, 1991; Marques-Toigo and Klepzig, 1995).

Punctatisporites gracilisAnderson 1977
Plate 1, figure 7.

1977 Punctatisporites gracili¢\nderson, p. 66; pl. 64, figs 1-24.

Description: Spores radial, trilete. Amb circular to sub-circular and slgtthngular.
Laesurae distinct, straight to curvi-linear, occasionally obsdoyddlds, extends
2/3 to % spore radius. Exine 1 -ra thick, laevigate; infrapunctate.

Dimensions:Equatorial diameter; 38(53)76 (18 specimens, STRAT 1).

Remarks: The specimen (p. 175; fig.9.3f) figured in Traverse (198®wasctatisporites
glaber(Naumova) Playford appear identical to the present specimens.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South Africa; Early Permian (Anderson, 1977; Millsteed, 1999).

Punctatisporites parvué&nderson 1977
Plate 1, figure 8.

1977 Punctatisporites parvuénderson, p. 67; pl. 65, figs 1-7.

Description: Spores radial, trilete. Amb circular to sub-circular, oesdly roundly
triangular. Laesurae distinct, extends more than % spore radiusie Exn
thick, laevigate; infragranulate.

Dimensions:Equatorial diameter; 17(28)36h (9 specimens, STRAT 1)

Remarks: The present specimens have a close descripition and are probaspecific
to the specimens (p. 126; pl. 1, figs. 15 — 16) assigned by Smith andaButier
(1967) toPunctatisporites minutusosanke 1950.

Occurrence: STRAT1, CKP6

Previous records:South Africa; Early Permian (Anderson, 1977)
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Punctatisporites ubischiFoster 197omb. nov.
Plate 1, figure 9.

1979 Calamospora ubischiroster, p.28; pl. 40, figs. 15 — 18.

Description: Spores radial, trilete. Amb circular to sub-circular. Laasudistinct,
extends ¥ - ¥ spore radius; a third ray typically shorter. EkiBem thick,
smooth at equator, internally appears finely stratified or lateel Distal view
with sporadic or clusters of flat-topped granulate to verrucate elements.

Dimensions:Equatorial diameter; 39(45)56 (11 specimens, STRAT 1)

Remarks: The present species has been assigned to the Banatatisporitedecause
of close similarities in form (except for the “ubischii” mlents) to other
specimens of this genus as opposed to those of the @alashosporaunder
which it was described by Foster (1979) and Lindstrém (1995).

Occurrence: STRAT 1, CKP6, CKP9.

Previous records Australia; Permian (Foster, 1979), Antarctica; Permiamd&trom,
1995).

Punctatisporites sp.
Plate 1, figure 10.

Description: Spores radial, trilete. Amb circular to sub-circular. Teilmark slightly
off-center, two rays reach equator. Exine 1 m2thick; equator with sporadic
gemmate to verrucate elements, aboundn height and base diameter. Plan
view display isolated sub-circular to polygonal verrucae, Im across.

Dimensions: Equatorial diameter (excluding ornamentation); i85 (1 specimen,
STRAT 1), 46 m, 52 m, 55 m, 57 m (4 specimens, CKP6).

Remarks: The present specimens differ frdPanctatisporites ubischin displaying
isolated coarse verrucae and gemmate elements, some of whibévaleped at
the equator. Rigby and Hekel (1977) described a similar speciphate (L, fig.
12), which they recorded aB@nctatisporites gretensis

Occurrence STRAT 1, CKP6.
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Genus RETUSOTRILETES NaumoeanendStreel 1964

Type speciesRetusotriletes simplelNaumova 1953 (by subsequent designation of
Potonié, 1958).

Retusotriletes diversiformigBalme & Hennelly) Balme & Playford 1967
Plate 1, figure 11.

1956 Calamospora diversiformiBalme & Hennelly, p. 246; pl. 2, figs 14 — 18.

1967 Retusotriletes diversiformi@Balme & Hennelly) Balme & Playford, p. 181; pl. 1,
fig. 3.

1977 Apiculatisporites diversiformigBalme & Hennelly) Anderson, p. 81; pl. 77, figs
1-18.

1979 Retusotriletes nigritellugLuber) Foster, p. 30; pl. 1, fig. 7.

Description: Spores radial, trilete. Amb sub-circular, tending to roundngular.
Laesurae distinct, tapering away from central point, extends Ysmo#e radius;
appears to be confined within a characteristic darkened triarayelarcentered at
the proximal pole. Exine 0.5 - & thick, laevigate; some specimens distally
punctate or micro-granulate, commonly on polar regions.

Dimensions Equatorial diameter; 27(33)4&) (6 specimens, STRAT 1)
Occurrence: STRAT 1

Previous records: Gondwana; Late Carboniferous to Late Permian (Foster 1975, 1979;
Anderson, 1977; Backhouse, 1991; Marques-Toigo and Klepzig, 1995; Millsteed,
1999)

Retusotriletes golatensiStaplin 1960
Plate 1, figure 12.

1960 Retusotriletes golatensis Marques-Toigo (1995, p. 110).

Description: Spores radial, trilete. Amb circular to sub-circular or halig roundly
triangular. Laesuare distinct, extends full spore radius to equaften
culminates into curvaturae perfactae or imperfectae. Exinemil-ghick,
laevigate; commonly inframicrogranulate and punctate.

Dimensions:Equatorial diameter; 25(31)4éh (18 specimens, STRAT 1)

Remarks: The specimens (pl. 1, fig. 5; pl. 2, fig. 12) describe®Resisotriletes? sp. A
by Foster (1979) closely resembles the present species exces Btrongly
triangular amb. However, few specimens described in this studyxkibit a
slight triangular appearance similar to the figured speciplerd (fig. 5) of Foster
(1979); the latter is probably the same as the present species.
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Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Australia; Middle Permian (Foster, 1979). South America; Early
Permian (Marques-Toigo, 1995).

InfraturmaAPICULATI Bennie & KidstonemendPotonié 1956
SubinfraturmaGRANULATI Dybova & Jachowicz 1957

Genus CYCLOGRANISPORITES Potonié & Kremp 1954

Type species Cyclogranisporites leopoldijKremp) Potonié & Kremp 1954 (by original
designation).

Cyclogranisporites gondwanensiharadwaj & Salujha 1964
Plate 1, figure 13.

1962 Cyclogranisporites s@Bharadwaj, p. 79; pl. 1, figs 11 — 14.

1964 Cyclogranisporites gondwanendgharadwaj & Salujha, p. 192; pl. 1, figs 19 —
22.

1970 Cyclogranisporites barakarens®rivastava, p. 156; pl. 1, figs 2 — 4.

Description: Spores radial, trilete. Amb circular to sub-circular. Lasmswommonly
distinct but occasionally uncertain; extends more than %2 spore radigsiatorial
margin. Exine 0.5 - Im thick; sculptured with discreet and closely spaced (less
than 1 m apart) fine grana.

Dimensions:Equatorial diameter; 21(30)36 (15 specimens, STRAT 1)

Remarks: The present specimens differ from similarly sculptured fobysts more
distinct laesurae display and its discreet granulate sculpturalréaeme

Occurrence: STRAT 1, CKP6, CKP9, ML1.

Previous records South Africa; Late Carboniferous to Permian (MacRae, 1988)

Cyclogranisporites sp.
Plate 1, figure 14.

Description: Spore radial, trilete. Amb subcircular; most specimens cas@deinto
irregular shapes. Laesurae rarely distinct, bordered by pronolatmed often
obscured by strong, irregular exinal folds. Exine th&hick, finely granulate;

elements often appear fused to give an impression of a coarsen granelate
texture.
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Dimensions Equatorial diameter; 20(23)261 (9 specimens, STRAT 1)

Remarks. The present specimens differ froth gondwanensi8haradwaj & Salujha
1964 by its smaller size range and the strong exinal fold@yrlogranisporites
minutusBharadwaj 1957 described in Marques-Toigo and Klepzig (1995) closely
resembles the present specimens but falls within a largerraimge. The
specimens (pl. 1, figs, 0) assigned by Stephenson (2004 kxlogranisporites
pox Stephenson and Osterloff 2002, seems to be identical to the pspserds
but also differs by its larger size.

Occurrence STRAT 1, CKP9, TLMB.

Genus GRANULATISPORITES IbrahiemendPotonié & Kremp 1954

Type speciesGranulatisporites granulatusbrahim 1933 (following Schopf, Wilson &
Bentall, 1944).

Granulatisporites papillosusdart 1965
Plate 1, figure 15.

1965 Granulatisporites papillosublart, p. 14; pl. 1, fig. 9.

Description: Spores radial, trilete. Amb triangular, apices rounded, interapicaght
to just slightly convex. Laesurae clearly distinct, extends fdlltextent of spore
radius; bordered by firm labra, and occasionally narrowly tapering to\aardss.
Exine 0.5 - 1m thick; comprehensively sculptured with uniformly distributed
grana, less than in apart, 1-2m basal diameter, and about 01 high. Grana
largely discreet but occasionally appears fused to resembigcatr elements.
Sculpture dominantly on the distal surface, diminishes on the proximal surface.

Dimensions: Equatorial diameter (including sculpture); 24(3242 (25 specimens,
STRAT 1), 22(32)42m (16 specimens, CKP6)

Remarks: The present specimens differ from similarly sculptured fobysts more
distinct, straight and firmly labrate laesurae.

Occurrence: STRAT 1, CKP6, CKP9, KGO3, MES5S8.

Previous records:South Africa, Late Carboniferous to Late Permian (MacRae, 1988).
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Granulatisporites angularigStaplin) Ybert 1975
Plate 1, figure 16.

1975 Granulatisporites angularigStaplin) Ybert, p.186; pl. 1, figs 24-25.
1979 Granulatisporites austroamericandgchangelsky & Gammero, p. 421; pl. 1, fig.
4.

Description: Spores radial, trilete. Amb triangular, apices rounded, int@sysicaight
to just slightly convex; one side usually conspicuously more convex than the other
two sides. Laesurae distinct, simple, extends to equator; comnmemaljefed by
marginal folds. Exine 0.5 - In thick; comprehensively sculptured with grana,
largely developed on the distal surface, only poorly developed in thenal
surface. Grana discreet, less thamlbase diameter, and less thamlapart.

Dimensions: Equatorial diameter (including sculpture); 31(35d0 (22 specimens,
STRAT 1), 29(34)40m (5 specimens, CKP6).

Remarks: The present specimens closely resentilanulatisporites trisinuBalme &
Hennelly 1956, except the latter displays a much larger sizet5@6)110,
described by Balme & Hennelly (1956).

Occurrence: STRAT 1, CKP6, CKP9, KGO3, ME58, ML1, NATA.

Previous records: South America; Late Carboniferous to Early Permian (Arcéisky
and Gamerro, 1979; Marques-Toigo and Klepzig, 1995).

Granulatisporites trisinusBalme & Hennelly 1956
Plate 1, figure 17.

1956 Granulatisporites trisinu8alme & Hennelly, p. 244-245; pl. 1, figs 5-8.
1977 Microbaculispora trisina(Balme & Hennelly) Anderson, p. 46; pl. 51, figs 1-18;
pl. 53, figs 1-12.

Description: Spores radial, trilete. Amb triangular, apices rounded, intessightly
convex. Laesurae distinct, straight to sinuous, extend to equatktywabrate.
Exine 0.5m thick; comprehensively sculptured with grana, well-developed on
the distal surface, and poorly developed on the proximal surfacena@®@:.5m
high, 1 m or less in basal diameter, and less than &part.

Dimensions: Equatorial diameter (including sculpture); 45(46)d7 (4 specimens,
STRAT 1), 44(45)47m (3 specimens, CKP6).

Remarks: The present specimens differ fréananulatisporites angularigStaplin) Ybert
1975 by virtue of a larger size.
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Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Australia; Permian (Foster, 1979). South Africa; Early tdela
Permian (Anderson, 1977; MacRae, 1988).

Granulatisporites sp.
Plate 1, figure 18a, b.

Description: Spores radial, trilete. Amb triangular, apices rounded to bigpade
rounded, interapices straight to convex. Laesurae distinct, exteaqutdor,
bounded by thin sinuous labra; occasionally bifurcates near apicese &5 -

1 m thick; distally sculptured with fine dense grana, proximally laevigate.

Dimensions: Equatorial diameter (including sculpture); 26(31)36 (7 specimens,
STRAT 1).

Remarks: The present specimens differ from similarly sculptured formsalclear
distinction between laevigate proximal surfaces and granulate distalesurfaoe
latter feature closely compare the present specimens vigh dpecies
Lacinitriletes badamensidescribed by Venkatachala and Kar (1965, p.339; pl. 1,
figs. 8-15), which however has a much larger size range. Howdnepresent
specimens are considered to form end-members of the forms assigtieel
genusLacinitriletesby Venkatachala and Kar (1965).

Occurrence: STRAT 1, CKP6

Previous records:India; Permian (Venkatachala and Kar, 1965).

Granulatisporites sp. A
Plate 1, figure 19a, b.

Description: Spores radial, trilete. Amb triangular, interapices commaonhgcave but
may be straight, apices round to slightly nearly flat. Laesdistact, extend to
equator, simple to labrate; often opens wide at apices. Exine 10 thick;
proximally laevigate, distally commonly sculptured with fine distrgrana but
may exhibit coarse or fused grana that depicts verrucae to reticulatagpatter

Dimensions: Equatorial diameter (including sculpture); 18(24)30 (9 specimens,
STRAT 1), 28(32)35m (4 specimens, CKP6).

Remarks: Granulatisporites sp. Bs distinguished by its dominant concavely triangular

amb as well as its small size range. A clear distinctidwd®n proximally
laevigate and distally granulate surfaces is also helpful tmgiissh this species.
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The specimen (pl. 4, fig. 22), assigned by MacRae (198&ramulatisporites
microgranifer Ibrahim 1933, seem closest to the present specimens but exhibit
broadly round apices.

Occurrence: STRAT 1

SubinfraturmaNODATI Dybova & Jachowicz 1957
Genus ANACANTHOTRILETES Ravn 1986
Type speciesAnacanthotriletes spinosiKosanke) Ravn 1986 (by original designation)

Anacanthotriletes sp.
Plate 2, figure 1

Description: Spores radial, trilete. Amb triangular, apices rounded, inteegsicaight
to slightly convex. Laesurae distinct, extends to equator; simaplelightly
labrate. Exine 0.5m thick; distally sculptured with regularly tapered spinae up to
2 m high, proximally aligned in sub-equatorial inter-radial regionsabsent on
the contact areas.

Dimensions:Equatorial diameter (excluding sculpture); 85(1 specimen, STRAT 1).

Remarks: Specimen rare, however bares great similarity to the specifpe@®, figs 29
— 40) assigned by Anderson (1977)Macrobaculispora spinosa The figured
specimens (pl. vii, figs 1 — 5) of Backhouse (1991), assign&idooronaspora
spinosa Anderson, are also very similar to the present specimen and are
considered to be conspecific.

Occurrence: STRAT 1

Anacanthotriletes sp. A
Plate 2, figure 2

Description: Spores radial, trilete. Amb subtriangular, apices rounded, inte¥sapic
straight to slightly convex. Laesurae discernible, extend to @guaExine
0.5 m; distally sculptured with fine baculae and coni, less than &part and
high. Sculpture reduced on proximal surface; may be concentratedbin s
equatorial parts of the inter-radial areas.

Dimensions Equatorial diameter (excluding sculpture); 26, 38, 38(3 specimens,
STRAT 1).
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Remarks: The present specimens appear very similar to specimens (pfs35-B)
assigned by Millsteed (1999) fanacanthotriletes macrehowever the latter has
a much larger size rangeMicrobaculispora micronodos@Balme & Hennelly)
Anderson 1977 has great similarities with the present specimerdsbutliffers
by its large size range.

Occurrence: STRAT 1, MESS.

Genus APICULATISPORIS Potonié & Kremp 1956

Type species Apiculatisporis aculeatuflbrahim) Potonié 1956 (by original designation
of Potonié & Kremp, 1956).

Remarks: The history regarding validation of this genus is clearledtat Foster (1979)
and MacRae (1988) who both consider the date of publication as 1956. This
study follows the arguments of MacRae (1988) fBvitriletes Bharadwaj &
Srivastava 1969 form a synonym of the present genus. Therefo@esspe
described elsewhere undBrevitriletesBharadwaj & Srivastava 1969 are herein
placed under the genégiculatisporisPotonié & Kremp 1956.

Apiculatisporis cornutugBalme & Hennelly) Hdeg & Bose 1960
Plate 2, figure 3

1956 Apiculatisporites cornutuBalme & Hennelly, p. 274; pl. 2, figs 24 — 26.

1960 Apiculatisporis cornutu¢Balme & Hennelly) Hdeg & Bose, p. 77; pl. 31, figs 4,
5.

1970 Apiculatisporis cornutugBalme & Hennelly) Segroves, p. 58; pl. 4, figs G — L.

Description: Spores radial, trilete. Amb circular or sub-circular, commoahding to
sub-triangular; some specimens occasionally compressed into owaiaial With
long axis. Laesurae discernible to distinct, straight with |adoreend to equator.
Exine 0.5 — 1,5m thick; distally and equatorially sculptured with typically broad-
based coni. Elements 1 -18 base diameter, 1 - 81 high, 2 - 5m apart.

Dimensions: Equatorial diameter (excluding sculpture); 18(25)Y80(21 specimens,
STRAT 1), 20(24)28m (11 specimens, CKP6).

Remarks: The present specimens have a smaller size range thakpiculatisporis
unicus(Tiwari) Bharadwaj & Srivastaveomb. noy

Occurrence: STRAT 1, CKP6, KG03, ME58, TLMB.
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Previous records: Australia; Permian (Segroves 1970; Fosters, 1979). South Africa,
Early Permian (Anderson, 1977; MacRae, 1988). South Americg; Barinian
(Marques-Toigo & Klepzig, 1995).

Apiculatisporis unicus(Tiwari) Bharadwaj & Srivastaveomb. nov.
Plate 2, figure 4

1968 Apiculatisporis irregularisNahuys, Alpern & Ybert,
1969 Brevitriletes unicugTiwari) Bharadwaj & Srivastava,
1995 Apiculatisporis paranaensislarques-Toigo & Klepzig, p. 26.

Description: Spores radial, trilete. Amb sub-circular to sub-triangular. esueae
discernible to distinct in rare specimens; may form curvaturf@giar Exine 1 —
1.5 m thick; distally and equatorially ornamented with coarse coni anel r
baculae. Elements 2 - B base diameter, 3 - B high, 2 — 5m apart.

Dimensions: Equatorial diameter (excluding sculpture); 29(40)#45 (3 specimens,
STRAT 1), 34(38)39m (8 specimens, CKP6).

Remarks: The present specimens are typically coarsely sculptured antimonly blunt
coni, with occasional baculae and rare verrucae-like elements.

Occurrence: STRAT 1, CKP6, CKP9

Previous records: South America; Permian (Marques-Toigo & Klepzig, 1995). Oman
and Saudi Arabia (Stephenson & Osterloff, 2002; Stephenson, 2004).

Apiculatisporis levis(Balme & Hennelly) Segroves 1970
Plate 2, figure 5

1956 Apiculatisporites levialme & Hennelly, p. 246; pl. 2, figs 19 — 21.

1969 Brevitriletes levigBalme & Hennelly) Bharadwaj & Srivastava, p. 226 — 227; pl.
1, figs 17 — 20.

1970 Apiculatisporis levigBalme & Hennelly) Segroves, p. 59; pl. 5, fig. 1.

1977 Apiculatisporis bulliensigHennelly) Anderson, p. 85; pl. 78, figs 1 — 17.

Description: Spores radial, trilete. Amb circular or sub-circular. Laesdiacernible to
distinct, straight, thin labra; occasionally with Curvatura Ingeg. Exine 1 -
2 m thick; sculptured with small coni, well-developed at the equator la@d t
distal surface. Elements 1 -1® high, 1 - 2m base diameter, less thanni to
2 m apart.

Dimensions: Equatorial diameter (excluding sculpture); 21(28)89 (8 specimens,
STRAT 1), 19(28)34m (6 specimens, CKP6).
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Remarks: The specimens (pl. iii, figs 1 — 3) described Agsiculatisporis sp. Aby
Backhouse (1991) appears very similar to the present species antlablprthe
same.

Occurrence: STRAT 1, CKP6, KG03.

Previous records: South Africa; Early Permian (Anderson, 1977; MacRae, 1988;
Millsteed, 1999). Australia; Permian (Balme & Hennelly, 1956; ez, 1970;
Foster, 1979). India; Early Permian (Bharadwaj & Srivastava, 1969).

Apiculatisporis leptoacaingJones & Truswellfomb. noy
Plate 2, figure 6

1992 Brevitriletes leptoacaindones & Truswell

Description: Spores radial, trilete. Amb circular or sub-circular; maypldis a broadely
roundly triangular form. Laesurae distinct, straight with labxéerel to margin
often terminating into Curvatura Imperfecta; few specimens iteliCarvatura
Perfecta. Exine 1 — 2n thick; distally and equatorially sculptured with spinae,
baculae or pilate elements. Elements 1maigh, 1 m base diameter, 1 - B
apart.

Dimensions: Equatorial diameter (excluding sculpture); 20(26)Y86(17 specimens,
STRAT 1).

Remarks: These specimens differ from the other specimens of this genukeby
relatively narrow-based elements, and the occurrence of baewnldepilate
elements. The specimen (pl. iii, fig. 7) assigned by Backhouse (19891)
Brevitriletes levis(Balme & Hennelly) Bharadwaj & Srivastava 1969 appears
identical to the present species.

Occurrence: STRAT 1, KGO03.

Previous records: Australia; Late Carboniferous to Early Permian (Jones and
Truswell, 1992). Oman and Saudi Arabia; Early Permian (Stephenson, 2004).

Apiculatisporis parmatugBalme & Hennelly)omb. nov.
Plate 2, figure 7

1956 Verrucosisporites parmatuBalme & Hennelly, p. 251; pl. 5, figs 51 — 52.

1977 Apiculatisporis majorAnderson, p. 83; pl. 77, figs 29 — 35.

1991 Brevitriletes parmatugBlame & Hennelly) Backhouse, p. 263 — 264; pl. iii, figs
11 - 13.
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Description: Spores radial, trilete. Amb sub-circular, some specimen<atelia
broadely roundly triangular form. Laesurae discernible to distincjght,
extend to equator; may show Curvatura Imperfecta. Exine in-tRick; distally
sculpture with low, flat circular to sub-circular verrucate edata, about 1Im
apart and in base diameter. Equator exhibits rare usually sub-dued coni or spinae.

Dimensions: Equatorial diameter; 22(25)281 (5 specimens, STRAT 1), 21, 24 (2
specimens, CKP6).

Remarks: There is close similarity between the present species fendldscriptions
given for the genuBivaricrassus(Kar & Bose)emend Millsteed 1999. It may
well be that the present species belong to the latter genus, hpweseetained
here due to its recognizable apiculate character and its doadnkistory of
association with the apiculate forms (e.g. Anderson, 1977; Backhouse, 1991;
Stephenson, 2004).

Occurrence: STRAT 1, CKP6

Previous records: Australia; Early Permian (Balme & Hennelly, 1956; Backhouse,
1991). South Africa; Early Permian (Anderson, 1977).

Genus DIDECITRILETES Venkatachala & Kar 1965
Type speciedDidecitriletes horridusvenkatachala & Kar 1965 (by original designation)

Didecitriletes eoericiangAnderson) Millsteed 1999
Plate 2, figure 8

1977 Microbaculispora eoerician@&nderson, p. 50; pl.55, figs 7 — 20.
1999 Didecitriletes eoericiangdAnderson) Millsteed, p. 13 — 14; pl. 5, figs 9 — 10, 12.

Description: Spores radial, trilete. Amb sub-triangular, apices rounded;aptees
straight to slightly convex. Laesurae discernible, extend tot@qu&xine 1 m
thick; distally and equatorially sculptured with fine coni and spinmgermixed
with fine grana and rare small verrucae. Elements areth@ssl m to 1.5m
base diameter. Spinae characteristically sharply tapered,2 high.

Dimensions: Equatorial diameter (excluding sculpture); B8 60 m (2 specimens,
STRAT 1).

Remarks: The description given by Foster (1979) for the spdgidscitriletes ericianus
(Balme & Hennelly) Venkatachala & Kar 1965 agrees closely wieh present
specimens. However, Foster's (1979) figured specimens (pl. 4 digsl4) and
his list of synonymy do not reflect the aspect described as pamnsively
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sculptured with discrete spinae, coni, and grana”. For that rdheopresent
specimens are classified following Millsteed (1999).

Occurrence: STRAT 1

Previous records:South Africa; Early Permian (Anderson, 1977; Millsteed, 1999).

Didecitriletes ericianugVenkatachala & Kar 1965)
Plate 2, figure 9

1956 Acanthotriletes ericianuBalme & Hennelly, p. 248; pl. 3, figs 30 — 33.

1965 Didecitriletes ericianugBalme & Hennelly) Venkatachala & Kar, p. 338 — 339.

1977 Microbaculispora ericianaBalme & Hennelly) Anderson, p. 49; pl. 55, figs 1 —
6.

Description: Spores radial, trilete. Amb triangular, apices rounded, inteegsicaight
to slightly convex. Exine Im thick; sculptured with closely spaced spinae, less
than 1 m apart, 3 - 4m high, and 2m base diameter. Sculpture proximally
reduced. Spinae displaying rare polygonal bases.

Dimensions: Equatorial diameter (excluding sculpture); #8 52 m (2 specimens,
STRAT 1), 38, 40, 42, 50n (4 specimens, CKP6).

Remarks: The present specimens appear to be very similar to the spscfplevii, figs
13 — 15) in Backhouse (1991). Although other authors (e.g. Rigby and Hekel,
1977; Foster, 1979) have differentiated forms previously included under this
species, depending on separation of the sculptural elements, it hdmearot
possible to do the same in this study owing to the rarity ofdpexies. The
present specimens have been classified following the original la@zmlint of
Balme & Hennlly (1956) that considered this species to include sfonmth
variable spine density.

Occurrence: STRAT 1, CKP6, CKP9

Previous records: Australia; Permian (Balme & Hennelly, 1956; Rigby and Hekel
1977; Foster, 1979). South Africa; Early Permian (Anderson, 1977). India;
Permian (Venkatachala and Kar, 1965).

Genus DIVARICRASSUS Kar & Bosemend Millsteed 1999

Type specieDivaricrassus opimu&ar & Bose 1976 (by original designation).

Divaricrassus minor(Anderson) Millsteed 1999
Plate 2, figure 10
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1977 Apiculatisporis minotAnderson, p. 82; pl. 77, figs 19 — 28.
1991 Rattiganispora? MinofAnderson) Backhouse, p. 264; pl. iii, figs 9, 10.
1999 Divaricrassus minofAnderson) Millsteed, p. 10 — 11, pl. 4, figs 6 — 8.

Description: Spores radial, trilete. Amb sub-circular; also appear sjighdakly sub-
triangular. Laesurae distinct, straight, extends % to margited{ine; terminates
into Curvaturae Imperfectae. Sculptured with low verrucae comtedtin the
distal polar regions, absent at the equator; elements in-basal diameter and
1 m apart. Narrow grooves between verrucae elements mayjént negative
reticulum.

Dimensions: Equatorial diameter; 19, 2Bh (2 specimens, STRAT 1), 2& (1
specimen, CKP6).

Remarks: The present specimens lack apiculate features i.e. coni, agddgcom the
emended diagnosis of Millsteed (1999). The specimens (pl. iii, figs19)
described by Backhouse (1991) also do not appear to exhibit any apiculate
elements. Itis likely that the specimens described in tlgndsas as bearing coni
belongs to the forms herein assignedApiculatisporis parmatugBalme &
Hennelly), which show a very close similarity to the present species.

Occurrence: STRAT 1, CKP6

Previous records Australia; Late Carboniferous to Early Permian (Backhouse, 1991).
South Africa; Early Permian (Anderson, 1977).

Genus LOPHOTRILETES NaumoexPotonié & Kremp 1954

Type species Lophotriletes gibbosuélbrahim) Potonié & Kremp 1954 (by subsequent
designation of Potonié & Kremp, 1954, p. 129).

Lophotriletes rectuBharadwaj & Salujha 1964
Plate 2, figure 11

1964 Lophotriletes rectuBharadwaj & Salujha, p.192; pl.2, figs.26-28.
1977 Acanthotriletes sppof Anderson, pl. 39, figs 1 — 11.

Description: Spores radial, trilete. Amb sub-triangular, apices rounded;aptees
straight to concave. Laesurae discernible, extend % to full exftepore radius.
Exine 0.5m thick; sculptured with widely spaced coni and rare baculae.
Elements 1 - 3m apart, 1 - 2m base diameter and height.

Dimensions: Equatorial diameter (excluding sculpture); 20(27)29(9 specimens,
STRAT 1), 20(25)35m (3 specimens, CKP6).
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Remarks: The present specimens are distinguished from Lophotriletes ndsingh
1964 based on their smaller size range. The specimen (pl. 10¥igssigned to
Lophotriletes raruBharadwaj & Salujha 1964 by Foster (1975) is very similar to
the present specimens; however, although the figured specimen teahibi
concavely sub-triangular amb the description given refers to convex sides.

Occurrence: STRAT 1, CKP6, CKP9, MESS.

Previous records: South America; Permian (Marques-Toigo & Klepzig, 1995).
Australia; Permian (Foster, 1975, 1979). India; Permian (Bharadwajaagh&
1964).

Lophotriletes novicusSingh 1964
Plate 2, figure 12

1964 Lophotriletes novicuSingh, p. 247; pl. 44, figs 24 — 25.
1977 Acanthotriletes sppof Anderson, pl. 41, figs 46 — 52.
1978 Lophotriletes pseudolukugaensialcon, p. 10 — 11; pl. |, figs 22 — 23.

Description: Spores radial, trilete. Amb sub-triangular, apices broadely rdumnder-
apices straight to slightly concave. Laesurae discerniblestctive, sharply
tapers towards apices, extend about % spore radius. Exine 0rd thick;
sculptured with low coni, associated with baculae and grana. Elegemgsally
unevenly spaced, less thamito 2 m base diameter, and 1 -1 high.

Dimensions: Equatorial diameter (excluding sculpture); 29(42)48(7 specimens,
STRAT 1), 41 m (3 specimens, CKP6).

Remarks: The present specimens are distinguished frophotriletes rectu8haradwaj
& Salujha 1964 based on their larger size range.

Occurrence: STRAT 1, CKP6
Previous records:Australia; Permian (Foster, 1979). Pakistan; Permian (Bdlgw)).
South Africa; Permian (Anderson, 1977; MacRae, 1988; Millsteed, 1999).
Lophotriletes rarusBharadwaj and Salujha 1964
Plate 2, figure 13

1964 Lophotriletes raruBharadwaj and Salujah, p. 193; pl.2, figs. 30-33.

Description: Spores radial, trilete. Amb triangular, apices broad to narrowdgded,
inter-apices straight. Laesurae distinct, straight, extendjuater; occasional
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curvaturae imperfectae. Distinct tori outline. Exine 0.5 m1thick; appear
separated. Equator bearing very low sharp or pointed coni, with ocdasiona
baculae or grana; 1 — 1/ high, 1 - 2m base diameter. Elements in polar view
appear sub-circular to elongate in shape.

Dimensions: Equatorial diameter (excluding sculpture); 85 37 m, 39 m, 45 m (4
specimens, STRAT 1).

Remarks: The specimens (pl. i, fig. 21) assigned.aphotriletes dwykanensis/ Falcon
(1978) appear identical to the present specimens.

Occurrence: STRAT 1, CKPO9.

Previous records India; Permian (Bharadwaj and Salujah, 1964).

Lophotriletes sp.
Plate 2, figure 14

Description: Spores radial, trilete. Amb sub-triangular, apices roundedetuly
straight, tending to slightly laterally expanded apices, intereapdistinctively
concave. Laesurae discernible to distinct, straight, labratene:xo margin of
intexine; terminates into poorly distinct but discernible curvaturaperfectae.
Exine 1 m thick; distally and proximally sculptured with broad-based sharp to
blunt coni, with circular to sub-circular bases, and rare baculaerarag
Elements generally evenly-spaced, about 1m &part, 1 - 2m base diameter
and hight.

Dimensions: Equatorial diameter (excluding sculpture); 28(32)38 (5 specimens,
STRAT 1).

Remarks: The present specimens appear very similar to the figured spe@imne, fig.
20) described and assignedLiaphotriletes labratunby Falcon (1978); however,
the present specimens have a much smaller size range comparatively.

Occurrence: STRAT 1

Lophotriletes sp. A
Plate 2, figure 15

Description: Spores radial, trilete. Amb sub-triangular, apices sligltgadely
rounded, inter-apices slightly concave. Laesurae occasionally distirsight to
slightly sinuous, extend to equator, terminates into curvaturae imfzafeExine
1 m thick; distally and equatorially sculptured with coni and gran#) vare
baculae. The proximal surface is distinctively laevigate.

Chapter 4: Palaeopalynology Systematics 62




Dimensions: Equatorial diameter (excluding sculpture); 86 37 m, 38 m (3
specimens, STRAT 1).

Remarks: The present specimens are distinguished from similar fornttssofjenus by
the display of clearly laevigate or psilate proximal surface.

Occurrence: STRAT 1.

Subinfraturma&BACULATI Dybovéa & Jachowicz 1957
Genus CIRRABACULISPORITES Maheshwari and Bose 1969

1964 CirrabaculisporitesMaheshwari and Bose, p. 21-22.
1999EccasporaMillsteed, p. 11.

Type speciesCirrabaculisporites praeclarusMaheshwari and Bose 1969 (by original
designation)

Remarks: There are no major variations noted between the diagnosis ajetines
CirrabaculisporitesMaheshwari and Bose 1969 akdcasporaMillsteed 1999,
and hence the latter is considered a junior synonym. Specimegseassnder
this genus are very rare in this study. As pointed out by ER#Ets{1999) there is
a wide range of variation in the sculptural elements displayethéwarious
specimens, and this has been used in this study to identify differems and
assign them to different species.

Cirrabaculisporites lageniformigAnderson)comb. nov.
Plate 2, figure 16

1977 Microbaculispora lageniformignderson, p.56; pl.59, figs. 26-42.
1999 Eccaspora plumsteadililistead, p.11; pl.4, figs. 13-16.

Description: Spore radial, trilete. Amb triangular, apices sharply roundeek-amices
straight. Laesurae discernible, appear to reach equator; borderedeiabra
that seemingly tapers toward apices. Exine i®.%hick; distally sculptured with
weakly distinct grana and verrucae. Interradial areas hegle sarcuate rows of
narrow, irregularly-shaped bacula; rows extend between margins of the apices

Dimensions: Equatorial diameter (excluding sculpture); 88(1 specimen, STRAT 1).

Remarks: The present species differs from other forms of the genus in haamgwer
and elongate irregularly-shaped baculate elements, describexddeysan (1977)
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as bottle-shaped spines, forming rows inside the equatorial coofotne
proximal surface.

Occurrence: STRAT 1

Previous records:South Africa; Early Permian (Anderson, 1977; Millsteed, 1999).

Cirrabaculisporites plumsteadiagHart) Andersorcomb. nov.
Plate 2, figure 17

1977 Microbaculispora plumsteadHart) Anderson, p. 55; pl.59, figs.1-25.

Description: Spore radial, trilete. Amb sub-triangular, apices rounded, ipiees
slightly concave to straight. Laesurae discernible, exteeduator; bordered by
a sinuous weakly developed labra. Exinenlthick. Ornamentation of small
verrucae or grana, unevenly distributed, and concentrated on thesdistale.
Proximally with rows of verrucae on sub-equatorial inter-radiehsr Elements
with variable diameter, up to in maximum.

Dimensions: Equatorial diameter (excluding sculpture); @88(1 specimen, STRAT 1).

Remarks: The present specimen differs from other forms of the gendseialisence of
baculate or elongate sculpture, but has been assigned to this genus btmed on
similarity in arrangement of the proximal inter-radial sculptwith the other
forms i.e. displaying rows.

Occurrence: STRAT 1

Previous records:South Africa; Early Permian (Anderson, 1977).

Cirrabaculisporites ramosu#/aheshwari and Bose 1969
Plate 2, figure 18

1968 Anapiculatisporites subbaculiferdsahuys, Alpern and Ybert in Marques-Toigo
and Klepzig (1995).

1969 Cirrabaculisporites ramosuMaheshwari and Bose, p.23; pl.3, figs.4-7, text-fig.
9.

1977 Microbaculispora digitiformisAnderson, p. 61; pl.60, fig. 45.

Description: Spores radial, trilete. Amb sub-triangular, apices rounded, apiees
straight to slightly convex. Laesurae extend to equator. Exinprebmensively
sculptured with coni, bacula, and verrucae elements. Charactdiystsplays
an arcuate row of bacula or verrucae extending from one ajple tther, shown
on one side of specimen; seem to define abrupt margin of contact area todaevigat
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sub-equatorial inter-radial area. Elements also clearlpedigit equator on other
sides of specimen; up to & high.

Dimensions: Equatorial diameter (excluding sculpture); B9 45 m (2 specimens,
STRAT 1), 39 m (1 specimen, CKP6).

Remarks: Cirrabaculisporites ramosus distinguished fronCirrabaculisporites spin
displaying a much more pronounced and dense ornamentation that obscures the
tetrad mark, and also has a larger size range.

Occurrence: STRAT 1, CKP6

Previous records: Congo(DRC); Late Permian (Maheshwari and Bose, 1969). South
Africa; Early Permian (Anderson, 1977). South America; Eargrnifan
(Marques-Toigo and Klepzig, 1995).

Cirrabaculisporites sp.
Plate 2, figure 19

Description: Spore radial, trilete. Amb sub-triangular, apices obscured b Slearply
rounded, inter-apices slightly convex. Laesurae poorly displayed, rappea
extend to equator. Exine largely laevigate but bearing rovimaila extending
between the apices through the sub-equatorial interradial agesimen also
show a single row of verrucae above the row of bacula on one side.

Dimensions:Equatorial diameter; 3In (1 specimen, STRAT 1).

Remarks: The present specimen indicate an identical arrangemenbximal sculptural
elements, consisting of two rows inside the equatorial contourtlzat idisplayed
in the specieMicrobaculispora plumsteaqHart) Anderson 1977. However, the
latter is characterized by two rows of expanded grana wucae, whereas the
present specimen has one inside row of expanded grana or verrucae and a
outside row comprised of baculae.

Occurrence: STRAT 1, MESS.

Genus HORRIDITRILETES Bharadwaj & Salujha 1964

Type speciesHorriditriletes curvibaculosusBharadwaj & Salujha 1964 (by original
designation).

Horriditriletes brevisBharadwaj and Salujah 1964
Plate 3, figure 1
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1964 Horriditriletes brevisBharadwaj and Salujah, p. 194, pl.2, fig. 41.

Description: Spores radial, trilete. Amb sub-triangular, apices broadely rdumnder-
apices straight to slightly convex. Laesurae discernible, wdakhate, extend
2/3 to full extent of spore radius. Exine 0.5 ilthick; sparsely sculptured with
narrow bacula and coni. Elements 1 aBhigh.

Dimensions: Equatorial diameter (excluding sculpture); 20 22 m, 28 m, 28 m (4
specimens, STRAT 1).

Remarks: The present specimens differ froiorriditriletes ramosus (Balme &
Hennelly) Bharadwaj & Salujha 1964 in having relatively sparseowaand
slender sculptural elements.

Occurrence: STRAT 1

Previous records:India; Permian (Bharadwaj and Salujah, 1964).

Horriditriletes ramosus(Balme & Hennelly) Bharadwaj & Salujha 1964
Plate 3, figure 2

1956 Acanthotriletes ramosuBalme & Hennelly, p. 249; pl. 3, figs 39 — 41. Lectotype
pl. 3, fig. 39 (Hart, 1960).

1964 Horriditriletes ramosugBalme & Hennelly) Bharadwaj & Salujha, p. 193.

1977 Raistrickia ramosdBalme & Hennelly) Rigby & Hekel, p. 14; pl. 3, figs 2 - 3, 5,
8-09.

1977 Acanthotriletes sppof Anderson, pp. 33 - 35; pl. 38, figs 28 — 49; pl. 40, figs 39 —
40, 48, 50, 61.

Description: Spores radial, trilete. Amb triangular, apices commonly bigadanded
but may be narrowly rounded, interapices convex to occasionally glightl
concave. Laesurae discernible to distinct, extend 2/3 radius tooeqatien
tapering toward apices. Exine 0.5 -ni thick; dominantly sculptured with
baculate elements, with rare coni and spinae. Baculae tdrestcally flat-
tipped, and often with slightly expanded terminations e.g.m.base, 2.5m
head. Elements 2 - & high, 1 - 2m base diameter, and 1 - M apart.
Ornamentation reduced on proximal surface.

Dimensions: Equatorial diameter (excluding sculpture); 22(33)49(28 specimens,
STRAT 1), 25(34)45m (12 specimens, CKP6).

Remarks: Several species of this genus exhibits remarkable sietam form, which
probably is an indication of the transition between end members. Tbenpre
specimens are differentiated based on their showing of flat-tippédade-like
elements and the commonly roundly triangular amb.

Chapter 4: Palaeopalynology Systematics 66




Occurrence: STRAT 1, CKP6

Previous records: Australia; Permian (Balme & Hennelly, 1956; Foster, 1975, 1979;
Rigby & Hekel, 1977; Backhouse, 1991). Oman and Saudi Arabia; Early
Permian (Stephenson & Osterloff, 2002; Stephenson, 2004). South Africa;
Permian (Anderson, 1977; MacRae, 1988; Millsteed, 1999). South America;
Permian (Marques-Toigo & Klepzig, 1995).

Horriditriletes tereteangulatugBalme & Hennelly) Backhouse 1991
Plate 3, figure 3

1956 Acanthotriletes tereteangulati&alme & Hennelly, pp. 247 — 248; pl. 2, figs 27 —
29.

1991 Horriditriletes tereteangulatugBalme & Hennelly) Backhouse, pp. 259 — 261; pl.
Il, figs 6 — 9.

1977 Acanthotriletes sppof Anderson, pp. 33 — 35; pl. 42, figs 1 — 25.

Description: Spores radial, trilete. Amb triangular, apices rounded, intersapice
commonly slightly concave to rarely straight or slightly convekaesurae
discernible, extend % to full length of spore radius. Exine 0.5m fhick;
sculptured with an admixture of coni and baculae, and rare spinameiik 1 -

4 m high, 0.5 - 2m base diameter, 1 - 81 apart.

Dimensions: Equatorial diameter (excluding sculpture); 24(31)4@1 specimens,
STRAT 1), 20(25)29m (7 specimens, CKP6).

Remarks: The present species differs from morphologically related Sooimthe genus
by the presence of more pronounced conate and spinose elements.

Occurrence: STRAT 1, CKP6, CKP9, KGO3.

Previous records: Australia; Permian (Rigby and Hekel, 1977; Backhouse, 1991).
Pakistan; Permian (Balme, 1970). Oman and Saudi Arabia; Eariyidprer
(Stephenson, 2004). South Africa; Late Carboniferous to Permian Gamder
1977; Millsteed, 1999).

Horriditriletes uruguaiensis(Marques-Toigo) Archangelsky & Gamerro 1979
Plate 3, figure 4

1974 Neoraistrickia uruguaiensidlarque-Toigo, p. 604; pl. 1, figs 4 — 5.

1979 Horriditriletes uruguaiensigMarque-Toigo) Archangelsky & Gamerro, pp. 424 —
426; pl. 11, figs 2 - 4.

1977 Acanthotriletes sppf Anderson, pp. 33 — 35; pl. 40, fig. 47.
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Description: Spores radial, trilete. Amb triangular, apices rounded, inteegsicaight
to slightly convex. Laesurae discernible, extend to equator; occigideaelops
curvaturae imperfectae. Exine 0.5 11 thick; generally scarcely sculptured with
characteristic pilate elements admixtured with baculate amedconi. Elements 2
-5 m high, 1 - 2m base diameter. Pilate elements 1.5mat base, 2 - 3n at
head. Sculpture generally proximally reduced.

Dimensions: Equatorial diameter (excluding sculpture); 32(35y#0(11 specimens,
STRAT 1), 31 m, 44 m, 45 m (3 specimens, CKP6).

Remarks: The present specimens are distinguished from forms of thdycletstedH.
ramosusby having few to rare but distinct pilate elements; there howsa@&ms
to be a transition between the two end members.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Oman and Saudi Arabia; Early Permian (Stephenson, 2004). South
Africa; Late Carboniferous to Permian (Anderson, 1977). South Amedrata
Carboniferous to Early Permian (Archangelsky and Gamerro, 1979).

Horriditriletes curvibaculosusBharadwaj & Salujha 1964
Plate 3, figure 5

1964 Horriditriletes curvibaculosudharadwaj & Salujha, pp. 193 — 194; pl. 2, figs 34
- 39.

1977 Raistrickia curvibaculosu¢Bharadwaj & Salujha) Rigby & Hekel, pp. 13 — 14;
pl. 2, fig. 11.

Description: Spores radial, trilete. Amb sub-triangular, apices rounded, apiees
slightly convex or concave. Laesurae rarely discernible; seemxtend to
equator. Exine 0.5 - In thick; usually ornamented with delicate curved bacula,
commonly longer that broad, with subordinate spinose. Elements 2 high,

0.5 - 2 m base diameter, 1 - B apart.

Dimensions: Equatorial diameter (excluding sculpture); 20(26)82 (7 specimens,
STRAT 1), 25(36)41m (12 specimens, CKP6).

Remarks: The present specimens are distinguished from closely rdiates of the
genus in having relatively longer than broad, delicate, and curved baculae.

Occurrence: STRAT 1, CKP6, CKP9, ML1.
Previous records: Australia; Permian (Rigby & Hekel, 1977; Foster, 1979). South

America; Permian (Macques-Toigo and Klepzig, 1995). India; Permian
(Bharadwaj and Salujah, 1964).
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Horriditriletes gondwanensigTiwari & Moiz) Foster 1975
Plate 3, figure 6

1971 Lobatisporites gondwanensiswari & Moiz, pp. 98 — 99; pl. 1, figs 9 — 4, text-
fig. 2.

1975 Horriditriletes gondwanensigTiwari & Moiz) Foster, p. 132; pl. 2, figs 5 - 7.

1977 Lobatisporites sp. cf. L. gondwanengiswari & Moiz) Rigby & Hekel, p. 12; pl.
4, figs 2 - 3.

1977 Acanthotriletes sppof Anderson, pp. 33 — 35; pl. 37, figs 40 — 47; pl. 39, fig. 30.

Description: Spores radial, trilete. Amb sub-triangular, apices rounded, apiees
markedly concave. Laesurae discernible to slightly distincijgst; extend to
equator. Sculptured with spinae, baculae, and rare coni. ElementsrB3hidh,
2 m base diameter, and 1 -2 apart.

Dimensions: Equatorial diameter (excluding sculpture); 21(24)80(5 specimens,
STRAT 1).

Occurrence: STRAT 1

Previous records: Australia; Permian (Rigby & Hekel, 1977; Foster, 1979). South
Africa; Early Permian (Anderson, 1977).

Horriditriletes sp.
Plate 3, figure 7a, b

Description: Spore radial, trilete. Amb sub-triangular, apices rounded, inteesapic
markedly concave. Laesurae distinct, straight, labrate, extendatgin of
intexine. Exine 0.5 - Im thick; distally and equatorially sculptured with baculae

and subordinate coni. Elements 3um high, 1.5um at base. Proximally laevigate.

Dimensions: Equatorial diameter (excluding sculpture); 8Q 28 m (2 specimens,
STRAT 1).

Remarks: The present specimens differ frororriditriletes gondwanensisn having
shorter and relatively broader elements, as well as being proximallgdaevi

Occurrence: STRAT 1
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Horriditriletes sp. A
Plate 3, figure 8

Description: Spore radial, trilete. Amb sub-triangular, apices rounded, inteesapic
markedly concave. Laesurae discernible, appear to extend to equater 1Ewi
thick; sculptured with characteristically pilate elementshwubordinate baculae.
Elements 2m high, 1 - 2m at base.

Dimensions:Equatorial diameter (excluding sculpture); 88(1 specimen, STRAT 1).

Remarks: The present specimen is very similaLtiphotriletes spbut differs in bearing
pilate elements.

Occurrence: STRAT 1

Genus RAISTRICKIA Schopf, Wilson & BentaimendPotonié & Kremp 1954
Type speciedRaistrickia grovensi§chopfin Schopf, Wilson & Bentall 1944

Raistrickia crenataFoster 1979
Plate 3, figure 9

Description: Spores with circular to sub-circular amb. Tetrad mark indistordy one
specimen indicate vague outline of possible trilete mark. E%ima thick;
sculptured with bacula, coni, and verrucae. Bacula commonly constridbedea
with expanded terminations tending to pilate form. Elements 2n-fdgh, 0.5 —
2.5 m base diameter, up to @ head diameter for pilate forms, spaced 1m3
apart.

Dimensions: Equatorial diameter (excluding sculpture); 27(38)48 (5 specimens,
STRAT 1).

Remarks: Raistrickia crinitaKosanke 1950 is distinguished from the present specimens
in having a much larger size range and elements height of 54um-@ngd
7.7um-9.5um, respectively.

Occurrence: STRAT 1

Previous records:Australia; Middle Permian (Foster, 1979).

Subinfraturma/ERRUCATI Dybova & Jachowicz 1957

Genus CONVERRUCOSISPORITES Potonié & Kremp 1954
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Type species Converrucosisporites triquetruflbrahim) Potonié & Kremp 1954 (by
original designation).

Remarks: This genus is included here following Backhouse (1991) to accommodate
triangular spores of dominantly verrucate sculptural elemergp@ssed to those
that have sub-circular to circular ambs. The latter are themselves praterdhe
genusVerrucosisporitesibrahim emend.Smith and Butterworth 1967, in this
study.

Converrucosisporites naumovigglart) Backhouse 1991
Plate 3, figure 10

1977 Microbaculispora naumoviagHart) Anderson, p. 52; pl. 57, figs. 1 — 24.
1991 Converrucosisporites naumovi@ldart) Backhouse, p. 265; pl. V, figs 1 — 3.

Description: Spores radial, trilete. Amb sub-triangular, apices narrowgiotly broadly
rounded, inter-apices convex. Laesurae discernible to distinct, extexdator;
straight or sinuous with weakly developed labra. Exine 0.5 m Ihick;
sculptured with verrucae and subordinate grana to occasional gerkmae-li
sculpture at equator. Verrucae circular to sub-circular or polygoredbngate in
form. Elements closely packed but discreet; 0.5m high, less than In to
1 m apart. Verrucae 1 - B in diameter or up to 2 x & in dimension.
Sculpturing often reduced proximally.

Dimensions: Equatorial diameter; 26(40)5i (31 specimens, STRAT 1), 26(41)54 (7
specimens, CKP6).

Remarks: The present specimens have a smaller size range than déssgbed in
Anderson (1977), MacRae (1988), and Millsteed (1999); no size ranges are give
in Backhouse (1991) for comparison.

Occurrence: STRAT 1, CKP6, CKP9, NATA, TLMB.

Previous records: Australia; Permian (Backhouse, 1991). South Africa; Permian
(Anderson, 1977; MacRae, 1988).

Converrucosisporites pseudoreticulat®alme & Hennellylcomb. nov
Plate 3, figure 11

1956 Verrucosisporites pseudoreticulatBalme & Hennelly, p. 250; pl. 4, figs 42 —
44.

1977 Microbaculispora pseudoreticulat@Balme & Hennelly) Anderson, p. 51; pl. 56,
figs 1 — 16.

1999 Pseudoreticulatispora pseudoreticulagBalme and Hennelly) Millsteed, p. 14;
pl.6, figs. 6-9.
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2002 Converrucosisporites conflueiidrchangelsky and Gamerro) Playford and Dino,
p. 246 — 248; pl. 2, figs. 3-8.

Description: Spores radial, trilete. Amb sub-triangular, apices slightlypst@arounded,
inter-apices straight to convex. Laesurae weakly distin¢énelxup to equator.
Exine 1 m thick; sculptured with dense verrucae on the distal surfaceebcap
on the proximal surface.

Dimensions:Equatorial diameter; 4In, 50 m, 50 m (3 specimens, CKP6).

Remarks: The present specimen is distinguished from similarly sculghtimens of the
genus in having very tight or closely packed, often fused, verseparated by
fine interconnected grooves resembling a reticulate pattern.

Occurrence: CKP6, CKP9, KGO3.

Previous records: Australia; Permian (Balme & Hennelly, 1956; Foster 1975, 1979;
Rigby & Hekel, 1977; Backhouse, 1991). Oman and Saudi Arabia; Early
Permian (Stephenson and Filatoff, 2000; Stephenson, 2004). South Africa,
Permian (Anderson, 1977; MacRae, 1988).

Converrucosisporites irregularifAndersoncomb. nov.
Plate 3, figure 12
1977 Microbaculispora irregularisAnderson, p. 54; pl. 58, figs. 17, 21.

Description: Spore radial, trilete. Amb triangular, apices narrowly roundeel-agices
straight to just slightly convex. Laesurae discernible, segghtlgl sinuous and
extend to margin. Exine 0. thick; distally sculptured with irregular rugulate
elements and subordinate verrucae; inter-connected narrow grooveemdhe
muri tending to negative reticulate pattern.

Dimensions:Equatorial diameter; 34n (1 specimen, STRAT 1).

Remarks: Backhouse (1991) described similar specimens (e.g. pl. 6, figttf8awide
morphological variation, which he assigned tBseudoreticulatispora
pseudoreticulata.

Occurrence: STRAT 1

Previous records: South Africa; Early Permian (Anderson, 1977). Australia; Permian
(Backhouse, 1991).
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Converrucosisporites sp.
Plate 3, figure 13a, b

Description: Spore radial, trilete. Amb triangular, apices rounded to alstosight,
inter-apices straight to slightly convex. Laesurae distirtcaight to slightly
sinuous, extend % to full extent of radius; labrate. Distally cehwnsively
sculptured with circular verrucae and subordinate grana. Proximally la&vigat

Dimensions:Equatorial diameter; 3T (1 specimen, STRAT 1).

Remarks: The present species closely resemi@eanulatisporites spbut has a larger
size and bears clearly discreet verrucae elements. Howewgpears highly
likely that the present specimen and thos&@nulatisporites spare transitional
end-members of the same form. The latter are considered tcefaymembers
of the genud.acinitriletesVenkatachala and Kar 1965 but have in this study been
assigned to different genera based on similarities in ornamentation.

Occurrence: STRAT 1.

Previous records:India; Permian (Venkatachala and Kar, 1965).

Converrucosisporites sp. A
Plate 3, figure 14

Description: Spores radial, trilete. Amb triangular, apices almost shatpt-apices
straight. Laesurae less distinct, obscured by ornamentationghdyaefined by
darkened margins; extend to equator. Exine r.5hick; comprehensively
sculptured with sub-circular to circular verrucae. Elements ¢esequal 1m
high, 1 - 2 m in diameter, and less or equahi apart.

Dimensions: Equatorial diameter; 3n, 31 m, 39 m (3 specimens, STRAT 1).

Remarks: The present specimens differ from similarly sculptured spewsnod the
genus in having nearly sharp apices and straight inter-apicesnefds at the

eqguator indicate a slightly constricted base.

Occurrence: STRAT 1

Genus VERRUCOSISPORITES Ibrahemend Smith & Butterworth 1967

Type speciesVerrucosisporites verrucosuglbrahim) Ibrahim 1933 (by original
designation).
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Verrucosisporites morulatugknox) emend Smith & Butterworth 1967
Plate 3, figure 15

1967 Verrucosisporites morulatuéKnox) emend.Smith & Butterworthin Marques-
Toigo & Klepzig (1995), p. 133.

Description: Spores radial, trilete. Amb sub-circular to slightly ovabnghte.
Laesurae commonly indistinct; only rarely discernible. Exine 025m thick
(excluding sculpture); sculptured with variously sized and spacedyameaded
verrucae, commonly displayed at equator and in plan view. Versutaeircular
to polygonal and elongate in form; 1 — In% high, 1 - 2m diameter or 1 x 2n
to 2 x 3 m in dimensions.

Dimensions: Equatorial diameter; 30(42)66 (9 specimens, STRAT 1), 40 (1
specimen, CKP6).

Remarks: The present specimens differ from similar forms of the genusaving a
slightly oval elongate amb as well as commonly rounded than flat verrucae.

Occurrence: STRAT 1, CKP6.
Previous records:South America; Permian (Marques-Toigo & Klepzig, 1995).
Verrucosisporites anderson{iAnderson) Backhouse 1988

Plate 3, figure 16

1977 Cyclogranisporites verrucosusnderson, p. 73; pl. 72, figs 23 — 56.
1988 Verrucosisporites andersor(Anderson) Backhouse, p. 55 — 56; fig. 5a — g.

Description: Spores radial, trilete. Amb sub-circular. Laesurae poodplalyed to
slightly distinct, extend 2/3 spore radius; with curvaturae impeecExine 1m
thick; comprehensively sculptured with closely spaced grana to verrucae.

Dimensions:Equatorial diameter; 32, 42, 5n (3 specimens, STRAT 1).

Remarks: The present specimens differ frovierrucosisporites morulatus having a
more circular amb and finer, relatively flat verrucae.

Occurrence: STRAT 1, CKPO9.

Previous records: Australia; Permian (Backhouse, 1988, 1991). South Africa; Early
Permian (Anderson, 1977; Millsteed, 1999).
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Verrucosisporites trisecatuBalme & Hennelly 1956
Plate 3, figure 17

1956 Verrucosisporites trisecatu8alme & Hennelly, p. 250; pl. 4, figs 48 — 49; pl. 5,
fig. 50.

Description: Spore radial, trilete. Amb sub-circular tending to roundly ¢ugar.
Laesurae distinct, wide open and extend to equator; gradually tapensd the
equator. Exine Im thick; sculptured with grana to verrucae elements.

Dimensions:Equatorial diameter; 4In (1 specimen, STRAT 1).

Remarks: Specimen rare for detailed comparisons. The original specimpens (igs
48-49; pl. 5, fig. 50) described in Balme & Hennelly (1956) are mudjetan
size than the present specimen.

Occurrence: STRAT 1

Previous records:Australia; Permian (Balme & Hennelly, 1956; Foster, 1979).

Verrucosisporites sp.
Plate 3, figure 18

Description: Spores sub-circular with indistinct aperture; one specimen afipeahibit
a concealed trilete mark. Exine 1.5 -n2 thick; equator bearing rounded
verrucae, with subordinate low broad-based coni. Plan view with comrfianly
verrucae, polygonal to elongate, defining a reticulate to near reguddtiern;
brochi 1 - 3 m wide.

Dimensions:Equatorial diameter; 32n, 45 m (2 specimens, STRAT 1).

Remarks: The present specimens are rare but are considered to beltwegsemnie form
as some of the specimens (fig.16A-D, F, K-L) assigned by Backl{@@88) to
Secarisporites lacunatu$iwari 1965. Verrucosisporites verrucosu@brahim)
Ibrahim 1933 also bears identical sculptural features to the prgserimens but
has a larger size range e.g. Marques-Toigo and Klepzig (p. 134, 1995).

Occurrence: STRAT 1

Previous records:Australia; Permian (Backhouse, 1988).
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Verrucosisporites sp. A
Plate 4, figure 1

Description: Spore sub-circular, indistinct aperture; some irregular openingbposs
reflect trilete mark. Exine 1.5n thick; equator bearing spaced out coni. Plan
view finely granulate to verrucate. Verrucae angular or polygonal.

Dimensions:Equatorial diameter; 39n (1 specimen, STRAT 1).

Remarks: Specimen rare. The present specimen show a slight resemltaribe
specimen described by Marques-Toigo and Klepzig (p. 132, 1995) and assigned
to Verrucosisporites microtuberos(isoose) Smith & Butterworth 1967.

Occurrence: STRAT 1

SubinfraturmaVlURORNATI Potonié & Kremp 1954
Genus CONVOLUTISPORA Hoffmeister, Staplin & Malloy 1955

Type speciesConvolutispora floridaHoffmeister, Staplin and Malloy 1955 (by original
designation).

Remarks: In this study, the present genus is considered to include onlyirsulac to
circular spores of dominantly fossulate to rugulate and tendingticulate or
verrucate ornamentation. The aperture for most of the speciovgrsssts of
commonly asymmetric trilete marks, often with a reduced thiyd @ome of the
specimens considered under this genus have been variouslyiedbabgifseveral
authors under the genera POLYPODIISPORITES Potonié and Gellek
Potonié 1956 and THYMOSPORA Wilson and Venkatachala 1963. This is
primarily due to the variable nature of the laesurae that indiGateition from an
almost monolete to a complete trilete form.

Convolutispora intrareticulata(Anderson)comb. nov.
Plate 4, figures 2 - 3

1977 Cyclogranisporites intrareticulatudnderson, p. 72; pl. 70, figs 1 — 11 and 13 —
20.

1999 Convolutispora intrareticulatugAnderson) Millsteed, p. 14-15; pl. 7, figs 1 — 3.

Description: Spores trilete, commonly asymmetric; some specimen withtlgrea
reduced third ray tending to an almost monolete form. Amb ciraraub-
circular. Laesurae discernible to distinct with mark placdteeiat center or off-
center of grain. Main rays extend 2/3 to full radius of spore th¢éaheter while
short ray extend 1/3 radius and may reach margin if mark ptadedquatorially.
Exine (non-pitted) 1 - 3 thick; equatorially strongly corrugated with roundly
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depressions and flat to round projections (i.e. verrucae), and suborkinate
broad-based nearly connate elements. Depressions and projection$.&beut
1.5 m in depth or height. Plan view depicts winding to curvilinear and
bifurcating depressions (i.e. fossulate or vermiculate) about 0.5m Ride
surrounding irregularly shaped ridges indicating a rugulate patterth w
subordinate puncta or micro-foveola.

Dimensions: Equatorial diameter; 28(36)4& (17 specimens, STRAT 1), 3h (1
specimen, CKP6).

Remarks: The present species is distinguished from similar forms aje¢hes in having
a much dense fossulate or rugulate pattern giving rise to a consgig
corrugated equator outline with roundly depressions. The specimenbeasc
Millsteed (1999) and those figured in Anderson (1977) generally imdacédrger
size range than the present forms.

Occurrence: STRAT 1, CKP6, KGO3.

Previous records:South Africa; Early Permian (Anderson, 1977; Millsteed, 1999).

Convolutispora sp.
Plate 4, figure 4

Description: Spores trilete; symmetric to asymmetric, with reduced thasd Amb

circular to sub-circular. Laesurae discernible to distinetinnnays extend 2/3 to

full spore radius, reduced ray extend Y2 radius. Exine 1m thick; equator
relatively rarely corrugated, but with flat to round, smoothly unthgdat
projections. Plan view displaying widely spaced, discontinuous winding and
curvilinear narrow depressions (i.e. fossulate or vermiculategm seetter
developed on the distal surface. Specimens generally conspicuouslgteorct
micro-foveolate.

Dimensions:Equatorial diameter; 31(36)48 (19 specimens, STRAT 1).

Remarks: The present specimens differ from similar forms of the gemuksplaying a
more punctate or micro-foveolate pattern, with short discontinuous narrow
grooves or depressions. The exoexine appears more robust with aminim
corrugations or pits. The specimen (pl. 2, fig. 1) assigne8duza (2006) to
Foveosporites hortonensiappear identical to the present specimens and is
probably the same.

Occurrence: STRAT 1, CKP9, KGO3.
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Convolutispora sp. A
Plate 4, figure 5

Description: Spores trilete; rays fully developed but asymmetric. Amtutar to sub-
circular. Laesurae discernible, seem to extend almost to eqHaine 1 - 2m
thick; with distal ornamentation of narrow, closely interconnected,edsfans
leading to discreet verrucae and rugulate elements, depictirgpiveereticulate
pattern. Equator irregularly corrugated.

Dimensions: Equatorial diameter; 30(33)37 (6 specimens, STRAT 1).

Remarks: The present specimens are distinguished from similar forniseofenus in
having distinctively interconnecting depressions that depicts aosalnegative
reticulum pattern. Convolutispora ordoneziArchangelsky and Gamerro 1979
(Playford and Dino, 2002) seem very close to the present specimgnsas a
much larger size range.

Occurrence: STRAT 1

Convolutispora sp. B
Plate 4, figure 6a, b

Description: Spore radial, trilete. Amb sub-circular or roundly trianguldiaesurae
distinct, straight, labrate, tapers towards margin; extend thinwvihargin of
intexine. Exine 3m thick; equator corrugated or notched, with depressions and
projections about Im in height. Proximally laevigate. Distal surface with
winding to inter-connected narrow depressions depicting reticulatagidate
ornamentation, and rare verrucae.

Dimensions:Equatorial diameter; 3In (1 specimen, STRAT 1).

Remarks: The present specimen appear similar to the specimens (p.254igsl 2 {16)
assigned by Playford and Dino (2002)donvolutispora archangelskyowever,
the latter has a much larger size ran@onvolutispora sp. Bliffers from other
species described under this genus in having a much more pronounced cinguli-
form outer wall, as well as tending to a sub-triangular amb.

Occurrence: STRAT 1
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Genus FOVEOSPORITES Balme 1957
Type specied-oveosporites canaliBalme 1957 (by original designation)

Foveosporites karrooensindersoncomb. nov.
Plate 4, figure 7

1977 Paucipunctatosporites karrooengiderson, p. 70; pl.67, figs. 1-11.

Description: Spores radial, trilete. Amb sub-circular tending to roundly taéarg
Laesurae distinct, exterfés radius; partly display curvaturae imperfectae. Exine
1-2 m thick; equator sporadically pitted, plan view with elongate encllar
foveolae.

Dimensions: Equatorial diameter; 2, 37 m, 45 m, 64 m (4 specimens, STRAT 1)

Occurrence: STRAT 1

Previous records:South Africa; Early Permian (Anderson, 1977).

Foveosporites sp.
Plate 4, figure 8

Description: Spore radial, trilete. Amb triangular, apices narrowly roundeel-agices
straight. Laesurae discernible, slightly sinuous, extend to equdtguator
strongly corrugated or pitted. Plan view display sub-circular to elongsdelfe.

Dimensions:Equatorial diameter; 25n (1 specimen, STRAT 1).

Remarks: Species rare. The present specimens closely resemblgetimens (pl. 10,
figures 5-7) assigned by Foster (1979Miarofoveolatispora explicita

Occurrence: STRAT 1

Foveosporites sp. A
Plate 4, figure 9

Description: Spores radial, trilete. Amb sub-circular or roundly triangubne side
straight, perhaps due to compaction. Laesurae distinct, extend to eqtx=itoe

3 m thick; equator smooth, plan view with short fossulae and circular foveolae.

Dimensions:Equatorial diameter; 34n (1 specimen, STRAT 1)
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Remarks: Specimen rare.

Occurrence: STRAT 1

Foveosporites sp. B
Plate 4, figure 10

Description: Spores radial, trilete. Amb sub-circular. Laesurae didalernstraight,
extend to equator. Exine 045 thick; distally sculptured with circular foveolae.
Equator seems smooth and non-pitted.

Dimensions:Equatorial diameter; 28n (1 specimen, STRAT 1).
Remarks: Specimen rare.

Occurrence: STRAT 1

Genus MICRORETICULATISPORITES KncamendPotonié & Kremp 1954

Type speciesMicroreticulatisporites lacunosuglbrahim) Knox 1950 (by original
designation).

Remarks: The history of the genus is briefly stated in Smith and ButtiehM(1967),
including the fact that the original proposition for the genus by Kmag based
on circular species as opposed to the triangular form designaiedpecies by
Potonié and Kremp (1954). No triangular forms have been identifigdisn
study.

Microreticulatisporites sp.
Plate 4, figure 11

Descriptions: Spores radial, trilete. Amb circular to sub-circular. Lassudistinct,
straight, extend 1/3 spore radius. Exine 1 mzhick; equator strongly finely
notched or corrugated i.e. narrow depressions abaut deep in-between flat-
topped muri projections giving rise to a negative micro-reticyfatéern. Plan
view also depicts a micro-reticulate ornamentation.

Dimensions: Equatorial diameter; 3In, 34 m, 34 m (3 specimens, STRAT 1).

Remarks: The present specimens are very rare and there has not bederamai form
recognized from the Permian literature. Only the Carbonifespecimens
(p.191-192; pl.11, figs.5-6) assigned by Smith and Butterworth (1967) to
Microreticulatisporites microreticulatugnox 1950 appear closely related to the
present specimens.
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Occurrence: STRAT 1

Microreticulatisporites sp. A
Plate 4, figure 12

Description: Spores radial, trilete. Amb circular or sub-circular. Laesdiacernible to
distinct, straight, simple; extend %2 radius or less. Exine 1.B5n-tBick; equator
finely uneven or scabrate, plan view very faintly micro-tdate to nearly
granulate.

Dimensions:Equatorial diameter; 4In, 42 m, 45 m (3 specimens, STRAT 1).

Remarks: The present specimens bears poorly defined ornamentation which pose a
problem for their classification, they are however placed undgorédsent genus
due to their similarity tdMlicroreticulatisporites sp They both have identical
small, simple laesurae and exhibit faint reticulate patteHmwvever, the present
specimens have a larger size range comparkftictoreticulatisporites sp.

Occurrence: STRAT 1

SubinfraturmdJNKNOWN
Genus CLAVATISPORITES Kedves & Simoncsics 1964
Type speciesClavatisporites clavukedves & Simoncsics 1964

Clavatisporites sp.
Plate 4, figure 13

Description: Spores radial, trilete. Amb sub-circular. Laesurae discerné)dtend to
equator. Exine 2 - 4n thick; comprehensively sculptured with pilate or clavate
and occasionally globular or gemmate elements. Most elemémsgly
constricted at base, with thickened topsmlbase diameter, 2n top diameter,
and 2 m high.

Dimensions Equatorial diameter (excluding sculpture); #1, 42 m (2 specimens,
STRAT 1).

Remarks. The present specimens are rare in the study material antlyemquahe
literature. Rigby and Hekel (1977) discussed similarly sculgtiwmems (pl. 5,
figs 5, 7, 8, 10) from the Permian of Australia, which however displi-
triangular ambs in contrast to the present specimens. The &retaspecimen
figured in Traverse (1988, p.267; fig. 13.8d) and assigneGdmmatriletes
clavatusappear identical to the present specimens.
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Occurrence: STRAT 1

SuprasubturmBAMINATITRILETES Smith & Butterworth 1967
SubturmaZONOLAMINATITRILETES Smith & Butterworth 1967
InfraturmaCINGULICAVATI Smith & Butterworth 1967

Genus INDOTRIRADITES TiwaremendFoster 1979
Type speciedndotriradites korbaensiSiwari 1964 (by original designation)

Indotriradites australensigHart) Millsteed 1999
Plate 4, figure 14

For synonymy see Millsteed (1999)

Description: Spores radial, trilete, cavate, zonate. @nAmb roundly sub-triang
Laesurae discernible to distinct, labrate, extend to margiora. zExoexine with
an outer paler thin layer 4 - & wide, and an inner often darker, occasionally
lamellate, thicker layer about 2 - 13 wide. Exoexine bearing coni and spinae of
variable size and separation, commonly developed at margin of thelayeer
Intexine dominantly proximally laevigate, and distally variouslyaonented with
coni, spinae, grana, verrucae and rare puncta.

Dimensions: Equatorial diameter; 34(50)7& (23 specimens, STRATL1), 4@, 42 m,
50 m, 55 m (4 specimens, CKP6). Intexine diameter; 25(30)37 (7 specimens,
STRAT 1).

Remarks: The present specimens mainly include forms previously assignkiarb
(1963) toC. africanensisand C. australensisseparated based on the size and
separation of sculptural elements. It has not been possible to tbikoexample
of Hart (1963) due to the lack of clearly distinct forms in thigdg. As
Backhouse (1991) and Millsteed (1999) observed earlier, there is a cemplet
range of variation in terms of sculptural character, whichse alvident in the
present specimens. The classification of Millsteed (1999) isvielll in handling
the present specimens.

Occurrence: STRAT 1, CKP6.
Previous records: Australia; Late Carboniferous to Permian (Balme & Hennelly, 1956;

Foster, 1979; Backhouse, 1991). South Africa; Permian (Anderson, 1977,
MacRae, 1988; Anderson, 1999). India; Early Permian (Tiwari, 1964).

Chapter 4: Palaeopalynology Systematics 82




Genus CRISTATISPORITES Potonié & KreramendButterworth, Jansonius, Smith &
Staplin 1964

Type speciesCristatisporites indignabundugLoose) Potonié & Kremp 1954 (by
original designation).

Remarks: A review of the literature indicate that similar specimasnshe ones described
under the present genus have also been assigned by other workdfsrémtdi
genera. Almost all of the specimens described by Ma¢EFa88) and assigned to
the genuKraeuselisporited.eschikemend Scheuring 1974 are also assigned to
the genusCristatisporitesPotonie and Kremgmend.Butterworth, Jansonius,
Smith & Staplin 1964 in Marques-Toigo (1995)Cristatisporites has been
favoured in this work owing to the comments by Balme (1970) that the
circumscription ofKraeuselisporitess still not firmly established. Stephenson
(1994) fully discusses the uncertainty surrounding the relationship betiee
present genus and two other closely related generdayantisporited_ele and
Makada 1972 andinjisporitesHart 1965.

Cristatisporites crassilabratusrchangelsky and Gamerro 1979.
Plate 4, figure 15

1979 Cristatisporites crassilabratus\rchangelsky and Gamerro, pp. 435 — 437; pl. V,
figs. 6 — 8.

Description: Spores radial, trilete; weakly cavate. Amb roundly trianghla often
obscured due to strong irregular sculptural elements at the rmairgitexine
roundly triangular. Laesurae poorly discernible; extend to equat@uat&
bearing long irregular elements dominated by bifurcating and erfiah apices,
and rare biform types, including some bacula. Elements ih-Hégh.

Dimensions: Equatorial diameter (excluding ornamentation); 25, 29, 31m324
specimens, STRAT 1).

Remarks: The present specimens differ fra@ristatisporites lestaiArchangelsky and
Gamerro 1979 in having much longer elements that bears relasivaip apices
i.e. spinose or connate.

Occurrence: STRAT 1.

Previous records: Oman and Saudi Arabia; Late Carboniferous — Early Permian

(Stephenson, 2004). South America; Late Carboniferous — Early Permian
(Archangelsky and Gamerro, 1979; Marques-Toigo and Klepzig, 1995).
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Cristatisporites inconstanérchangelsky and Gamerro 1979
Plate 4, figure 16

1979 Cristatisporites inconstan&rchangelsky and Gamerro, p. 435; pl. V, figs 1 — 5.

Descriptions: Spores trilete, radial, cavate. Amb generally roundly tukrdout outline
comprised of spinose and connate elements. Intexinal body roundlyutagng
often surrounded by a lamellate and punctuate watl ghick. Laesurae weakly
discernible, extend to equator. Distal face with broad, sub-cirouats or
vurrucae tending to reticulate. Proximal face commonly punctdtma about
7 m wide, incomplete; some sections comprised of coalesced or d¢elyple
merged elements at base while some indicate distinct closetggdroad-based
coni or spinae. Elements 4 -rd high, + biform and bifurcating.

Dimensions: Equatorial diameter; 24(32)481 (7 specimens, STRAT 1). Intexine
diameter; 20, 22, 24, 2 (4 specimens, STRAT 1). Equatorial diameter; 30,
37, 44 m (3 specimens, CKP6). Intexine diameter;r8Q2 specimens, CKP6).

Remarks: The present specimens are significantly smaller than thoswilskes in
Archangelsky and Gamerro (1979).

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: South America; Late Carboniferous — Early Permian (Archakygel
and Gamerro, 1979; Marques-Toigo and Klepzig, 1995).

Cristatisporites lestaArchangelsky and Gamerro 1979
Plate 4, figure 17

1979 Cristatisporites lestaArchangelsky and Gamerro, pp. 437 — 438; pl. VI, figs 1 —
3.

Descriptions: Spores radial, trilete; cavate. Amb generally roundly subgukar but
outline irregular due to ornamentation. Intexinal body roundly triangular
Laesurae discernible, extend to equator. Proximally pitted or penatad
granulate. Distally verrucate to micro-rugulate, with bacukquator bearing
bacula or coni of rounded apices, bifurcating, with cristate, bhacula and
spinose elements. Elements up tonshigh.

Dimensions: Equatorial diameter; 26(38)4& (6 specimens, STRAT 1). Intexine

diameter; 34m (1 specimen, STRAT 1). Equatorial diameter; 39(46)5112
specimens, CKP6). Intexine diameter; B1(1 specimen, CKP6).
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Remarks: The present specimens differ from similarly sculptured fornthisfgenus in
having bacula and coni with nearly rounded tips.

Occurrence: STRAT 1, CKP6.

Previous records: South America; Early Permian (Archangelsky and Gamerro, 1979;
Marques-Toigo and Klepzig, 1995).

Cristatisporites microvacuolatugDias-FabricioemendPicarelli & Dias-Fabricio 1990
Plate 5, figure 1

1990 Cristatisporites microvacuolatugDias-Fabricio) emend. Picarelli & Dias-
Fabricioin Marques-Toigo and Klepzig, p. 43, 1995.

Descriptions: Spores radial, trilete. Amb roundly triangular but margin strongly spinos
Intexinal body distinct, roundly triangular and flanked by exteraaellate zone
that bears aligned puncta or vacuoles at contact with the cingulizcaesurae
discernible, appear to extend to inner margin of cingulizone. Proxmeaine
comprehensively punctuate, distally verrucate. Sculptural elsnoenexoexine
vary from broad-based coalesced or bi-furcating, tbiform spindest¢eeet, fine,
curly spinae on uniformly smooth non-punctate cingulizone.  Elemersi
in height.

Dimensions: Equatorial diameter; 22(31)38 (13 specimens, STRAT 1). Intexine
diameter; 22, 26, 30, 3Mm (4 specimens, STRAT 1). Equatorial diameter;
30(41)50 m (10 specimens, CKP6). Intexine diameter; 26,n292 specimens,
CKP®6).

Remarks: The present specimens appear similar Gostatisporites inconstans
Archangelsky and Gamerro 1979 but differ in having a relativelyonar and
seemingly more regular cingulizone. The specimens (pl. viAfig®) assigned
by Archangelsky and Gamerro (1979) @uistatisporites sp. Bndicate close
similarity to the present specimens.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South America; Early Permian (Marques-Toigo and Klepzig, 1995).

Cristatisporites morungavensibias-FabricioemendPicarelli & Dias-Fabricio 1990
Plate 5, figure 2

1990 Cristatisporites morungavens{®ias-Fabriciolemend Picarelli & Dias-Fabricio
in Marques-Toigo and Klepzig, p. 44, 1995.
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Descriptions Spores radial, trilete, cavate. Amb roundly sub-triangulaeximal body
discernible to distinct, roundly triangular; outer margin oftemarkad by
alignment of puncta or vacuoles. Laesurae discernible up to oweginmof
intexine. Intexine proximally laevigate with rare puncta, digtgranulate to
verrucate. Cingulizone 3 - & wide, sculptured with discreet fine elements i.e.
short coni, spinae, rare bacula.

Dimensions: Equatorial diameter; 24(37)5&1 (13 specimens, STRAT 1). Intexine
diameter; 17(26)37n (6 specimens, STRAT 1). Equatorial diameter; 4144
(2 specimens, CKP6).

Remarks: The present specimens differ from similar forms of the pregents in
having an irregular outline on the cingulizone dominated by variableedisc
short elments that include coni, spinae, and bacula.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South America; Early Permian (Marques-Toigo and Klepzig, 1995).

Cristatisporites spinosu@Menendez & Azcuy) Playford 1978
Plate 5, figure 3

For synonymy see Marques-Toigo and Klepzig (1995).

Descriptions: Spores radial, trilete, cavate. Overall amb roundly trimrguiough
outline due to irregular ornamentation. Intexinal body distinct, roundly triangular
Laesurae poorly distinct; appear to extend to within zona. Proximpatgtate
and microgranulate, distally verrucate and spinose. Zona 6-\8de; irregular
with a corroded to spongy appearance depicting cristate-like oatidiespinose
elements.

Dimensions: Equatorial diameter; 38n, 38 m, 45 m, 75 m (4 specimens, STRAT 1).
Intexine diameter; 26n, 28 m, 36 m, 57 m (4 specimens, STRAT 1).
Equatorial diameter; 38, 4&1 (2 specimens, CKP6).

Remarks: The present specimen has a generally spongy appearance inrisompa
other forms of the genus.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South America; Carboniferous (Marques-Toigo & Klepzig, 1995).
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Cristatisporites menendezitlayford 1978
Plate 5, figure 4

1972 Ancistrospora verrucosMenéndez & Azcuyn Marques-Toigo & Klepzig, p42,
1995.

Descriptions: Spores radial, trilete, cingulate. Amb roundly sub-triangulaaesurae
discernible, straight to sinuous; extend to margin of intexine. Rehslender
spinae developed on cingulum that display undulating surface; in namgacted
and broken specimens the spinae is indicated to form part of bifonme e that
seem now coalesced to form cingulum. Distal face with suldair¢o slightly
irregular warts 1 - 3m across i.e. verrucae, with superimposed puncta. Cingulum
3 -6 mwide. Spinae 2n high.

Dimensions: Equatorial diameter; 32(35)4& (9 specimens, STRAT 1), 34(37)48
(5 specimens, CKP6). Intexine diameter; 22(26)287 specimens, STRAT 1),
28, 38 m (2 specimens, CKP6).

Remarks: The present specimens are distinguished in having prominenhketements
dominated by roundly bases with very narrow or delicate spinose tops.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records:South America; Carboniferous (Marques-Toigo & Klepzig, 1995).

Cristatisporites sp.
Plate 5, figure 5

Descriptions: Spores radial, trilete, cavate. Overall amb triangulaododly triangular
but with irregular outline caused by spinose elements. Intekimgdy distinct,
convexly sub-triangular. Laesurae discernible up to margin of ingex
Proximally laevigate, distally and equatorially spinose. Elgmeoalesced to
form cingulizone; broad to bulbous base spinae, = biform and bifurcating, up to
5 min height.

Dimensions: Equatorial diameter (excluding ornamentation); rA0 21 m, 25 m (2
specimens, STRAT 1), 2, 38 m (2 specimens, CKP6).

Remarks: The present specimens differ fro@ristatisporites sp. An having much
pronounced broad-based biform conical elements.

Occurrence: STRAT 1, CKP®6.
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Cristatisporites sp. A
Plate 5, figure 6

Descriptions: Spores radial, trilete, cavate. Amb roundly sub-triangular. surae
poorly discernible; appear to extend to margin of intexine. Cingulinan®w;
formed by coalesced or fused coni and spinae that continues on drsaakes
Elements sharply tapers to apices; tbifurcating and biform, upnoi® height.
Promixally laevigate to punctate.

Dimensions: Equatorial diameter (excluding sculpture); 82(1 specimen, STRAT 1),
24, 26, 27, 45m (4 specimens, CKP6).

Remarks: The present specimens appear similaiCtestatisporites spbut differ in
having a less pronounced biform character of the elements.

Occurrence: STRAT 1, CKP6.

Genus DENSOISPORITES Weyland & Krieger 1953

Type speciesDensoisporites velatu#/eyland & Krieger 1953 (by original designation)

Densoisporites sp.
Plate 5, figure 7

Description: Spores radial, trilete, cavate. Amb sub-triangular, apices roumded,
apices convex; intexine regularly roundly triangular. Laesumaistinct to
discernible, sinuous to straight, labrate; appear to extend to equatoexine
punctate or spongeous in appearance; 510 m wide.

Dimensions: Equatorial diameter; 35(45)67 (11 specimens, STRAT 1), 39(49)67 (12
specimens, CKP6). Intexine diameter; 20(25)30 (5 specimens, STRAT 1)
27(31)42 (5 specimens, CKP6).

Remarks: The specimens (p.16; pl.7, figs.4, 7-8) figured in Millsteed(1999) andedfe
to Densoisporites cf. Cirratriradites gondwanes3isvari 1965 appear identical to
the present specimens; the former however indicate a lamgrange. The
specimens (p.25; pl. 24, figs.7-9, 12) assigned by Anderson (1977) to
Gondisporites braziliensi®ant and Srivastava 1965 are considered conspecific
with the present specimens.

Occurrence: STRAT 1, CKPO9.

Previous records:South Africa; Permian (Anderson, 1977)
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Genus DENSOSPORITES (Berry) Potonié & Kremp 1954
Type speciesDensosporites covendderry 1937 (by original designation)

Densosporites rotunduBalcon 1978
Plate 5, figure 8

1977 Gondisporites congoens{Maheshwari & Bose) Anderson, p. 26; pl. 25, figs 24 —
25.
1978 Densosporites rotundudzalcon, pp. 13, 15 - 16; pl. 2, figs 1 — 5.

Description: Spores radial, trilete; one specimen appears cingulate and.caimatle
sub-circular or roundly triangular. Laesurae discernible, extendqtater.
Cingulum 2 m wide; slightly undulating, smooth or scabrate to sub-dued coni at
equator. Intexine sculptured with grana to verrucae tending to reticulate.

Dimensions:Equatorial diameter; 2, 38 m (2 specimens, STRAT 1).

Remarks. The specimen (pl.12, fig.11) figured in MacRae (1988) and assigned to
Cirratriradites splenden8alme and Hennelly emend. Hart 1963 is considered
conspecific with the present specimens.

Occurrence: STRAT 1, CKP6, KGO3.

Previous records: South Africa; Permian (Anderson, 1977; MacRae, 1988). Zimbabwe;
Permian (Falcon, 1978).

Densosporites sp.
Plate 5, figure 9

Description: Spores radial, trilete, cavate, cingulate. Amb roundlydtr. Laesurae
discernible, extend to margin of intexine. Cingulum smooth to sjigittbrate;
4 m wide. Intexine finely granulate.

Dimensions: Equatorial diameter; 36n, 39 m (2 specimens, CKP6). Intexine
diameter; 28m (1 specimen, CKP®6).

Remarks: The specimens (p. 27; pl. 3, figs.17-20) described by Maheshwari and
Bose (1969) and assigned D@nsosporites congoensappear very identical to
the present specimens, except the latter has a smaller size range.

Occurrence: CKP6
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Genus LUNDBLADISPORA BalmemendPlayford 1965

Type species Lundbladispora willmottii (Balme) Playford 1965 (by subsequent
designation of Playford, 1965, p. 189).

Lundbladispora braziliensa (Pant & Srivastavapmend. Marques-Toigo & Picarelli
1984.
Plate 5, figure 10

1965 Densosporites braziliensRant & Srivastava, p. 469-470.

1974 Lundbladispora braziliensi@Pant & Srivastava) Marques-Toigo & Pons, p. 279.

1977 Gondisporites braziliensigPant & Srivastava) Anderson, p. 23; pl. 23, figs 1 —
27.

1984 Lundbladispora braziliensi@Pant & Srivastava) Marques-Toigo & Picarelli, p.48.

Descriptions: Spores radial, trilete, cavate, cingulate. Amb sub-circalaoundly sub-
triangular. Laesurae poorly defined, locally discernible in s@pecimens;
appear to extend full distance to equator. Exoexine generalbpotbmand
unstructured but commonly rough or finely irregular at equator. ihgex
proximally laevigate, punctate to finely granulate, distallyweate to connate or
spinose. Verrucae 1 - th diameter and distance apart. Cingulum 5 -ni0
wide; margin bearing rare to relatively dense sculpturahe@hts comprising coni
and xbiform spinae, up to & in height.

Dimensions: Equatorial diameter; 47(55)6@ (16 specimens, STRAT 1),
43(68)134 m (6 specimens, CKP6). Intexine diameter; 29(37)44 (8 specimens,
STRAT 1).

Remarks: Although the specimens from STRAT 1 indicate a smaller srge
compared to the specimens described (p. 433) in Archangelsky andrr@am
(1979) as well as in Marques-Toigo and Klepzig (p. 84, 1995), those in CKP6 do
indicate a compatible size overlap.

Occurrence: STRAT 1, CKP6, CKP9, NATA, TLMB.
Previous records: Oman and Saudi Arabia; Late Carboniferous — Early Permian
(Stephenson, 2004). South Africa; Permian (Anderson, 1977). South America;

Late Carboniferous to Permian (Archangelsky and Gamerro, 1979; dndnt
Srivastava, 1965; Marques-Toigo and Picarelli, 1984).

Lundbladispora gracilaStephenson and Osterloff 2002
Plate 5, figure 11

2002 Lundbladispora gracilisStephenson and Osterloff, p. 16.
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1977 Gondisporites punctatu$lart) Anderson, p.21; pl.13-16.

Descriptions: Spores radial, trilete. Amb sub-circular to sub-triangulagesurae poor
to well defined, straight to sinouous; extend to equator. Exine tveoddy
intexinal body commonly hard to discern in most specimens. Ovexalk
comprehensively punctate to give spongeous texture; commonly foldete Exi
also finely textured with micro-granulate and micro-vermiculate micro-
reticulate ornamentations. Distal face and equator may dweay spinae and
grana. Exoexinal zona ih wide.

Dimensions: Equatorial diameter; 37(51)6& (10 specimens, STRAT 1), 58, 65, 72,
90 m (4 specimens, CKP6). Intexine diameter;81(1 specimen, STRAT 1).

Remarks: The present species appear very much identicalLuadbladispora
riobonitensisMarques-Toigo & Picarelli 1984; the latter though is described as
devoid of ornamentation on the distal face. However, the presentsgesptays
a rather delicate form indicated by its largely spongeous ciearavhich may
reflect susceptibility to poor preservation. As a result mudhebrnamentation
could be expected to be equally poorly preserved to none at all. stbihys
exist that further investigation on the relationships lofindbladispora
riobonitensisMarques-Toigo & Picarelli 1984 and the present species could find
them to be equivalent.

Occurrence: STRAT 1, CKP6, MESS.

Previous records: Oman and Saudi Arabia; Early Permian (Stephenson and Osterloff,
2002; Stephenson, 2004). South Africa; Permian (Anderson, 1977).

Genus VALLATISPORITES Hacquebard 1957
Type speciesVallatisporites vallatugdacquebard 1957 (by original designation)

Vallatisporites sp.
Plate 5, figure 12

Description: Spores radial, trilete, cavate. Amb roundly triangular. Intéxooay
distinct, roundly triangular. Laesurae poorly distinct. Intexine @iecrare spinae at
margin. Exoexine characterized by linear or rod-like featwaekating from outer
margin of intexine and laterally joining near outer margin afexine; defines pattern of
elongate polygonal to ovoidal segments, either hollow or comprised of rzeous
exoexine. Overall exoexine B wide.

Dimensions: Equatorial diameter; 48n (1 specimen, STRAT 1), 4ih, 50 m (2
specimens, CKP6). Intexine diameter; 82(1 specimen, STRAT 1).
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Remarks: The present specimens closely resemble specimens descrilsdpyenson
(2004) and Marques-Toigo & Klepzig (1995) and assigned&/dbatisporites
arcuatus (Marques-Toigo) Archangelsky and Gamerro 1979. A detailed
assessment of some of the characteristic elements ancuatusare outlined by
Stephenson (2004); those identified in the present specimens include the
“submarginal ring” formed by the lateral joining of radial featuas well as the
“‘oval and rectangular” hollows that characterize much of the emeexi
Specimens described in the present study are however smaller in size range.

Occurrence: STRAT 1, CKP6.

Vallatisporites sp. A
Plate 5, figure 13

Description: Spores radial, trilete, cavate. Amb roundly triangular; outlineveme
Intexinal body distinct, roundly triangular. Laesurae weakly dmbke; appear
to extend to equator. Intexine proximally finely granulate andjae, distally
verrucate with spinose at margin. Zona 5 m8wide, laevigate to finely
granulate and bearing radiating linear features; equatorbhitiit coni or short
bacula and spinose.

Dimensions: Equatorial diameter; 53n (1 specimen, STRAT 1), 45 (1 specimen,
CKP6). Intexine diameter; 361 (1 specimen, STRAT 1), 2&n (1 specimen,
CKP6).

Remarks: The present specimens appear similar to the specimen asbigharques-
Toigo and Klepzig (p. 130, 1995) tWallatisporites banffensisStaplin &
Jannsonius 1964.

Occurrence: STRAT 1, CKP6, MESS.

TurmaMONOLETES Ibrahim 1933
SuprasubturmaACAVATOMONOLETES Dettmann 1963
SubturmaAZONOMONOLETES Luber 1935
InfraturmalLAEVIGATOMONOLETI Dybovéa & Jachowicz 1957
Genus LAEVIGATOSPORITES Ibrahim 1933

Type species: Laevigatosporites vulgaris(lbrahim) lbrahim 1933 (by original
designation).

Laevigatosporites vulgarigibrahim) lIbrahim 1933
Plate 5, figure 14
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1933 Laevigatosporites vulgaridbrahim) Ibrahim, pp. 39 — 40; pl. 2, fig. 16.
1956 Laevigatosporites vulgarigormacolliensisBalme & Hennelly, pp. 55 — 56; pl. 1,
figs 1 — 5.

Description: Spores bilateral, monolete. Amb longitudinally oval. Laesurae sinopl
weakly labrate, tapered at both ends; extend about % of longitadisal Exine
1 m thick, laevigate, and commonly folded; occasional fine grana, pusuta,
rare micro-reticulum.

Dimensions: Length; 39(53)67m, Breadth; 28(39)4M (6 specimens, STRAT 1).
Length; 36um, 40um, 63um, 6@, Breadth 28um, 29um, 46um, 62 (4
specimens, CKP6).

Remarks: The relatively few specimens identified in this study did tlotnarecognition
of distinctively curvaturate specimens noted in MacRae (1988) andrKtS79);
however the variations described by MacRae (1988) that include oval t
longitudinally oval amb and laevigate to finely granulate exinesaigent in the
present specimens.

Occurrence: STRAT 1, CKP6.

Previous records: Has a wide geographic distribution in Late Carboniferous and
Permian palynofloras (e.g. Balme & Hennelly, 1956; Bharadway, 198®)eBa
1970; Anderson, 1977; Foster, 1979; MacRae, 1988; Marques-Toigo and Klepzig,
1995; Millsteed, 1999 etc.)

Laevigatosporites plicatukar 1968
Plate 5, figure 15

1968 Laevigatosporites plicatusar, p.120-121; pl. 1, figs.28-29, text-fig. 3.

Description: Spores monolete; tetrad scar distinct in rare specimermab dval to
elongate. Laesurae simple; extend about % of total length of geaine 0.5 m
thick; laevigate or finely infrapunctate, with narrow longitudinal folds (aboot 2)
plicae.

Dimensions: Length; 45(62)86m, Breadth; 34(43)62n (6 specimens, STRAT 1).
Remarks: The present specimens differ fraraevigatisporites vulgarig having plicae-
like features as well as a much larger size range. Thenprsgecimens are
generally poorly preserved and depict numerous longitudinal exotds that
obscure the laesura. The specimen (p.76; pl. 19, figs. 19-20) assigBaddy
and Kar (1966) thatosporites spare considered to belong to the present species.

Occurrence: STRAT 1.
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Previous records: Australia; Permian (Foster, 1979). DR-Congo; Permian (Bose and
Kar, 1966). India; Permian (Kar, 1968).

InfraturmaSCULPTATOMONOLETI Dybovéa & Jachowicz 1957

Genus POLYPODIISPORITES Potonié in Potonié & Gellegamend.Khan & Martin
1971

Type speciesPolypodiisporites favu@Potonié) Potonié 1934 (by monotypy)

Remarks: There is as yet no unequivocal differential diagnosis betweermprédsent
genus and the genuBhymosporaWilson & Venkatachala 1963. However,
various authors have discussed their views on the relationship of thgetveoa
e.g. Playford and Dettmann (1965), Balme (1970), Foster (1979), and MacRae
(1988). The opinion of Playford and Dettmann (1965) fhtagymosporais a
junior subjective synonym ofPolypodiisporitesis followed in this work.
Variations based on separation of sculptural elements seem inaddquat
separation as these could be transitional between end-members of the same genus.

Polypodiisporites mutabili8alme 1970
Plate 5, figures 16 - 17

1969 Polypodiisporites mutabiliBalme, p.347; pl.6, figs.7-9.

Description: Spores monolete, bilateral; some specimens have asymmeétiliei
marks. Amb oval to elongately oval. Laesurae commonly obscurezliptige;
extend more than ¥ length of spore. Exine 1 m2variously sculptured with
winding, short to long, discontinuous and inter-connected grooves, 0..n- 1
wide, giving a fossulate to nearly reticulate pattern. Scufmgumhay also be
significantly foveolate. Equator outline undulating or corrugatét voundly
depressions up to In deep.

Dimensions: Length; 27(31)36m, Breadth; 24(26)30n (6 specimens, CKP®6).
Length; 28 m, 42 m, 42 m, Breadth; 22m, 32 m, 34 m (3 specimens, STRAT
1).

Remarks: The specimens (pl. 6, figs 4-6) assigned by Balme (1970) to
Reticuloidosporites warchianugppears identical to the present specimens; the
latter however do not bear any coni or grana as describedefdotmer. Forms
that have trilete marks amongst the present specimens onlgr ditbm
Convolutispora intrareticulatugAnderson) Millsteed 1999 in having a more
pronounced oval amb.
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Occurrence: STRAT 1, CKP6, ML1.

Previous records: Pakistan; Late Permian (Balme, 1970). South Africa; Late
Permian (Anderson, 1977).

Polypodiisporites detritugLeschik) Anderson 1977
Plate 5, figure 18a, b

1977 Polypodiisporites detritugLeschik) Anderson, p.87; pl.79, figs.17-20 and 30-41.

Description: Spores bilateral, monolete. Amb elongate oval. Laesurae exteosta
full length of long axis of the proximal surface. Exinen2 Distal surface

clearly rugulate. Equator outline with roundly depressions or corrugation.

Dimensions: Length; 26 m, Breadth; 20m (1 specimen, STRAT 1). Length; 29um,
39 m, Breadth; 26um, 3In (2 specimens, CKP6).

Remarks: The present specimens are distinguished in having relativelgecsanlptural
elements and also tend to depict a clear rugulate pattern.

Occurrence: STRAT 1, CKP6.

Previous records:South Africa; Permian (Anderson, 1977).
AnteturmaVARIEGERMINANTES Potonié 1970
TurmaSACCITES Erdtman 1947

SubturmaVONOSACCITES ChitaleyemendPotonié & Kremp 1954
InfraturmaALETESACCITI Leschik 1955

Genus FLORINITES Schopf, Wilson & Bentall 1944

Type speciesFlorinites pellucidus(Wilson & Coe) Wilson 1958 (originally designated
asEndosporites pellucidug/ilson & Coe, p.184, 1940).

Remarks: Explanation on the relationship éforinites antiquusSchopf, Wilson &
Bentall 1944 (originally designated type specied}ltrinites pellucidugWilson
& Coe) Wilson 1958 is outlined in MacRae (1988).

Florinites eremusBalme & Hennelly 1955
Plate 6, figure 1

Description: Pollen monosaccate, alete. Amb sub-circular to rarely ovalpuS@ub-
circular, variably distinct to indistinct, diffused reticulum; maxhibit marginal
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linear folds. Saccus appear distally detached within corpusntagfrastructure
micro-vermiculate or punctate and finely reticulate with brochi Im @ide.

Dimensions: Equatorial diameter; 32um, 76um, 78um, 194(4 specimens, STRAT
1), Corpus diameter; 17um, 29um, 86(3 specimens, STRAT 1).

Remarks: Specimens rare and insufficient for detailed analyses. Sothe specimens
(pl. 100, figs 1 — 3) assigned by Anderson (1977) to Vestigisporitekahealsis
(Hoeg & Bose) may be related to the present specimens.

Occurrence: STRAT 1

Previous records: Australia; Permian (Balme & Hennelly, 1955; Foster, 1979). South
Africa; Late Carboniferous to Early Permian (MacRae, 1988). South America.

InfraturmaSTRIASACCITI Bharadwaj 1962

Genus STRIOMONOSACCITES Bharadwaj 1962

For synonymy see Foster (p. 70, 1979)

Type speciesStriomonosaccites ovatiharadwaj 1962 (by original designation).

Striomonosaccites breviBose & Kar 1966
Plate 6, figure 2

1966 Striomonosaccites brevidose & Kar, pp. 87 — 88; pl. 23, figs 7 — 8.
1970 Striomonosaccites sp. cf. S. ovatBharadwaj) de Jersey, p. 19; pl. 8, figs 1 — 4.

Description: Pollen monosaccate, striate. Amb sub-circular. Corpus sub-cjrcula
tending to oval, outline distinct with fine marginal folds. Cappa Vuith weakly
distinct striations extending full length of corpus; 17 or mo@appula fine to
coarsely reticulate, brochi 1-Bh wide. Saccus with irregular width, appear
symmetrically dissected or may be just fractured, fine ersaly reticulate i.e.
brochi 1-4 m wide, slightly radially aligned.

Dimensions: Equatorial diameter; 78n, Corpus diameter; 6@n (1 specimen, STRAT
1).

Remarks: The present specimen is distinguished fr@tmomonosaccites ovatus
Bharadwaj 1962 in having a much smaller size, as well as num&raesi.e. more than
17 in comparison to only 5-7 for the latter.

Occurrence: STRAT 1.
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Previous records: Australia; Middle Permian — Early Triassic (de Jerd®y0; Foster,
1979). Africa; Early Permian (Bose & Kar, 1966).

Striomonosaccites crucistriatu¥bert 1975
Plate 6, figure 3

1975 Striomonosaccites crucistriatusbert in Marques-Toigo and Klepzig, p. 125,
1995.

Description: Pollen monosaccate. Amb sub-circular to slightly oval. Corpuseut
indistinct. About 5 and 16 cross-cutting or perpendicular striationstichs
appear continuous over total grain length. Saccus width narrow, infrapunctate.

Dimensions:Equatorial diameter; 64n (1 specimen, STRAT 1).

Remarks: Specimen rare.

Occurrence: STRAT 1.

Previous records:South America; Late Carboniferous to Early Permian (MarquegeToi
and Klepzig, 1995).

Striomonosaccites sp.

Plate 6, figure 4

Despcription: Pollen monosaccate. Amb sub-circular to elongate oval, with some
tendency to polygonal. Corpus clearly distinct, darker, elongate maabinal
folds in the long axis, 6 — 10 striations; finely granulate to puactéaccus

strongly punctate; outline generally follow contour of corpus.

Dimensions: Equatorial diameter; 52n, 73 m, Corpus; length 48um, 66, breadth
37um, 50m (2 specimens, STRAT 1).

Remarks: The present specimens appear similar to the specimen (p. s2¢hexd by
Marques-Toigo and Klepzig (1995) &riomonosaccites ovatigharadwaj 1962;
the latter however has a much larger size range.

Occurrence: STRAT 1.

InfraturmaTRILETESACCITI Leschik 1955

Genus BARAKARITES Bharadwaj & Tiwari 1964
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Type speciesBarakarites rotatus(Balme & Hennelly) Bharadwaj & Tiwari 1964
(originally designated aBarakarites indicu®haradwaj & Tiwari 1964, p. 142).

Barakarites rotatugBalme & Hennelly) Bharadwaj & Tiwari 1964
Plate 6, figure 5

1956 Nuskoisporites rotatuBalme & Hennelly, p. 254; pl. 8, figs 68 — 71.
1964 Barakarites indicu8haradwaj & Tiwari, p. 142; pl. 1, figs 1 — 2.
1964 Barakarites rotatugBalme & Hennelly) Bharadwaj & Tiwari, p. 142.

For additional synonymy see Foster (1979, p. 67) and Millsteed (1999, pp. 20 — 21).

Description: Pollen monosaccate, trilete. Amb sub-circular to slightly wlyadval;
rare specimen roundly sub-triangular. Margin generally smootmbutindicate
slight shallow undulations or crenulations. Corpus poor to well-pretsepudine
well discernible to distinct, sub-circular to broadely oval, laesyvaerly
displayed; saccus attachment sub-equatorial and appear to ovehgpantinent
distal tenuitas. Saccusg ¥ Y4 of corpus radius, infrapunctate, infrareticulate or
infravermiculate.

Dimensions: Equatorial diameter; 86um, 87um, 92, 185 Corpus diameter; 65um,
67um, 75um, 92m, Saccus width; 13um, 13um, 17um, 20 (4 specimens,
STRAT 1). Equatorial diameter; 85um, 100um, 104um, &2 Corpus
diameter; 67um, 82um, 8, Saccus width; 7um, 12um, 13um, @4 (4
specimens, CKP6).

Remarks: The present specimens are distinguished in having a relaneefgw
saccus width, forming a small fraction of the corpus radiusddlition, specimen
characteristic of this species have in the literature beernfiddrdn the bases of a
prominent narrow band or tenuitas, observed in the present material staity di
placed closer to the corpus margin.

Occurrence: STAT 1, CKP6.

Previous records: South Africa; Permian (Anderson, 1977; MacRae, 1988; Millsteed,
1999). Australia; Permian (Balme & Hennelly, 1956; Foster, 1975; 19¢®yRi
& Hekel, 1977). India; Permian (Bharadwaj & Tiwari, 1964).

Genus BASCANISPORITES Balme & Hennelly 1956

Type species: Bascanisporites undosufBalme & Hennelly 1956 (by original
designation).

Bascanisporites undosuBalme & Hennelly 1956.
Plate 6, figure 6
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1956 Bascanisporites undosalme & Hennelly, p. 256; pl. 10, figs 81 — 83.

Description: Pollen monosaccate; aperture indistinct. Amb sub-circular; oldlbzee.
Corpus sub-circular to slightly oval, distinct, dark. Intexinenlthick; laevigate
or finely granulate. Saccus equatorially detached, with unequal width i.esd&pict
haploxylon-like shape of bisaccate pollen grains; finely infrapusctat
infrareticulate or infravermiculate.

Dimensions: Equatorial diameter; 4m, Corpus diameter; 4in (1 specimen, STRAT
1).

Remarks: The present specimens indicate only 2 lobes as opposed to 5 ifrtimogke
type locality described in Balme and Hennelly (1956), in additioa smaller
size.

Occurrence: STRAT 1.

Previous records: Australia; Permian (Balme & Hennelly, 1956; Foster, 1975, 1979).
Antarctica; Permian (Balme & Playford, 1967).

Genus CANNANOROPOLLIS Potonié & Sah 1960
Type specieCannanoropollis janakPPotonié & Sah 1960 (by original designation).

Cannanoropollis janakiiPotonie & Sah 1960
Plate 6, figure 7

1956 Nuskoisporites gondwanen®alme & Hennelly, p. 253; pl. 6, figs 63 — 65.
1960 Cannanoropollis janakiPotonié & Sah, pp. 127 — 128; pl. 2, figs 66 — 67.
1968 Parasaccites diffususiwari, p. 228; pl. 2, fig. 31.

For extended additional synonymy see Millsteed (1999, p. 21).

Description: Pollen monosaccate, trilete; tetrad mark poorly defined otmnwonly
indistinct. Amb circular to slightly broadly oval, outline smooth weakly
undulating. Laesurae simple, full extent obscured. Corpus poorly présarde
obscured, equator outline occasionally discernible, circular to ovah@mear to
follow contour of saccus, proximally micro-reticulate or micro-vieutate.
Saccus infrapunctate and infrareticulate, with radially elongaterésat

Dimensions: Equatorial diameter; 79(107)12% (10 specimens, STRAT1),
64(101)119 (8 specimens, CKP6). Corpus diameter; 56pum, 62um, 62um, 78
(4 specimens, STRAT 1), 42um, 56 (2 specimens, CKP6). Saccus width;
11(21)34 (6 specimens, STRAT 1), 13(18)20 (8 specimens, CKP6).
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Remarks: The present specimens are generally not very well presended has not
been possible to separate into more than one species in accordémdbewi
observations of MacRae (1988) who separated similar specimenS.ijgaakii
Potonie & Sah 1960 ard. obscurugLele) Bose & Maheshwari 1968.

Occurrence: STRAT 1, CKP6, ME5S.

Previous records: Africa; Late Carboniferous to Late Permian (Anderson, 1977;
MacRae, 1988; Millsteed, 1999). Australia; Late Carboniferous to Ratmian
(Balme & Hennelly, 1956; Foster, 1975, 1979). South America; Late
Carboniferous to Early Permian (Archangelsky and Gamerro, 1978juls
Toigo and Klepzig, 1995).

Cannanoropollis sp.
Plate 6, figure 8

Description: Pollen monosaccate, trilete; tetrad mark weakly developetteofteays
not discernible. Amb sub-circular or broadly oval to elongate; ouflimady
undulating. Corpus poorly preserved, outline discernible, broadly oval to
elongate and generally follows saccus contour. Saccus uniformlyd,broa
subequatorially attached; finely infrareticulate with radially mgead brochi.

Dimensions: Equatorial diameter; long axis 95(105)189 (5 specimens, STRAT 1),
short axis 84um, 83um, 83um, 80 (4 specimens, STRAT 1). Corpus diameter;
long axis 57um, 73um, 84n, short axis 48um, 56um, 56 (3 specimens,
STRAT 1).

Remarks: The present specimens are distinguished f@npnakii in having a more
pronounced radial pattern of the saccus as well as a stronglyaoNal The
specimens (pl. 31, figs 3, 7) assigned by MacRae (1988) jenakii appear very
similar to the present specimens. There is also a closlargiynwith specimens
Marque-Toigo and Klepzig (p. 34, 1995) also described a similairspe and
assigned it toCannanoropollis perfectugBose & Maheshwari) Dias-Fabricio
1981.

Occurrence: STRAT 1, NATA.

Genus PLICATIPOLLENITES Lele 1964

Type speciesPlicatipollenites gondwanens{8alme & Hennelly) Lele 1964; originally
designated aPRlicatipollenites indicud_ele 1964, and subsequently considered a
synonym ofCannanoropollis malabarens{®otonie & Sah)1960 and recombined
by Foster (1975) t®licatipollenitesmalabarensigPotonie & Sah) Foster 1975,
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which ultimately was considered a synonymRiicatipollenites gondwanensis
(Balme & Hennelly) Lele 1964 by MacRae (1988).

Remarks: The genus is adopted here for radial, trilete monosaccate goHers that
often exhibit a conspicuous intexinal fold system, and are gen@iadular to
slightly oval in amb. Forms of the present genus may also beglisthed from
similar forms of the genu€annanoropollisPotonié & Sah 1960 in having a
relatively larger ratio of the saccus width to corpus diametsrwell as a
relatively better preserved and distinct central body or corpus in most cases

Plicatipollenites gondwanensi@Balme & Hennelly) Lele 1964
Plate 6, figure 9

1956 Nuskoisporites gondwanen®sime & Hennelly, p. 253; pl. 7, figs 66 — 67.

1960 Cannanoropollis malabarensiBotonie & Sah, p. 128; pl. 2, figs 19 — 21; pl. 3,
figs 22 — 23.

1964 Plicatipollenites indicud.ele, pp. 152 — 154; pl. 1, figs 6 — 10; text figs 3a-f, 12a.

1964 Plicatipollenites gondwanensiBlame & Hennelly) Lele, pp. 154 — 156; pl. 2,
fig. 11; text figs 4a-c, 12b.

For additional synonymy see Millsteed (1999).

Description: Pollen monosaccate, trilete. Amb circular, sub-circular t@sonally
slightly oval; margin smooth to slightly finely undulating orrarated. Laesurae
commonly distinct, even to occasionally variable lengths, extends?Aof
corpus radius. Corpus distinct, circular, subcircular to broadly owih
conspicuous distal intexinal circular to polygonal folds; proximalgvigate to
rarely punctate. Saccus finely reticulate, brochi tr3vide; width %2 to nearly
equal corpus radius. Saccus attachement proximally equatoridisaally sub-
equatorial to mediway between equator and polar axes.

Dimensions: Equatorial diameter; 64(96)139um (35 specimens, STRAT 1),
83(99)116pum (19 specimens, CKP6). Corpus diameter; 39(64)103um (34
specimens, STRAT 1), 48(66)85um (17 specimens, CKP6). Saccus width;
13(26)45um (34 specimens, STRAT 1), 17(22)34um (19 specimens, CKP6).

Remarks: The views of MacRae (1988) synonymisiRtjcatipollenites malabarensis
(Potonié and Sah) Foster 1975 dnlicatipollenites gondwanensi@Balme &
Hennelly) Lele 1964 are held, this owing to the recognition in thidysbf a
variation and overlapping of the documented distinguishing charactetseftwo
species. Although Foster (1975) distinguishH&letatipollenites malabarensis
based on the existence of a continuous non-polygonal intexinal foldtoldkse
corpus margin, in this study both non-polygonal and polygonal fold systems near
or away from the corpus margin have been noted with no cleanmatte
distinction. In some grains such intexinal folds vary within thmesgrain from
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marginal to sub-equatorial regions of the corpus clearly indgadi transition
between these characteristics. In various specimens talgteindicate equal to
unequal lengths irrespective of the character of the amb or intexinal folds.

Occurrence: STRAT 1, CKP6, CKP9, KGO3, ME5SS.

Previous records: Africa; Late Carboniferous to Permian (Anderson, 1977; MacRae,
1988; Millsteed, 1999). Australia; Late Carboniferous to Permialm@ &
Hennelly, 1956; Foster, 1975, 1979; Backhouse, 1991). South America; Late
Carboniferous to Permian (Marques-Toigo & Klepzig, 1995).

Plicatipollenites densuSrivastava 1970
Plate 6, figure 10

1970 Plicatipollenites densuSrivastava, pp. 159 — 160; pl. 1, figs 7 — 8.
1968 Cannanoropollis densué.ele) Bose & Maheshwari, p. 32; pl. 5, fig. 3.

For additional synonymy see Foster (1979), MacRae (1988).

Description: Pollen monosaccate, trilete. Amb circular to subcircular, ougleamerally
uneven or irregular but may be occasionally smooth to slightly umalgilat
Laesurae poor to distinct, unequal, exteltgl® ¥ of corpus radius. Corpus dark,
distinct, outline well-defined, circular to occasionally broadelyl.ov&accus
infrareticulate to infrapunctate, radially elongate; width neatyal corpus
radius.

Dimensions: Equatorial diameter; 59(79)100um (34 specimens, STRAT 1),
66(82)107um (9 specimens, CKP6). Corpus diameter; 32(50)67um (34
specimens, STRAT 1), 14(21)28um (33 specimens, CKP6). Saccus width;
14(21)28um (33 specimens, STRAT 1), 10(15)20um (7 specimens, CKP6).

Remarks: The present species is distinguished from similar forms aje¢hes in having
a darkened dense corpus.

Occurrence: STRAT 1, CKP6, CKP9, ML1.
Previous records:South Africa; Late Carboniferous to Early Permian (Anderson, 1977,

MacRae, 1988). Australia; Early Permian (Foster, 1979). South éamétarly
Permian (Marques-Toigo & Klepzig, 1995).

Plicatipollenites trigonalisLele 1964
Plate 6, figure 11

1964 Plicatipollenites trigonalid_ele, pp. 156 — 157; pl. 2, figs 13 — 14.
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Description: Pollen monosaccate, trilete. Amb sub-circular or tending tos|iggttly
triangular, outline weakly undulating to slightly irregular. Laesuindistinct to
discernible, extendYs to ¥ of corpus radius. Corpus roundly triangular, outline
distinct; proximally laevigate or microgranulate, distaltyrareticulate. Saccus
finely reticulate, brochi 1 - 2n wide and radially arranged.

Dimensions: Equatorial diameter; 84(93)11@ (7 specimens, STRAT 1), 6,
76 m, 76 m (3 specimens, CKP6). Corpus diameter; 47(59)¥%7 specimens,
STRAT 1), 39m, 47m, 54 m (3 specimens, CKP6). Saccus width;
17(22)34 m (7 specimens, STRAT 1), 1, 17 m (2 specimens, CKP®6).

Remarks: The present specimens are distinguished from other forms géthes on the
basis of a sub-circular to triangular amb and corpus.

Occurrence: STRAT 1, CKP6, CKP9, KGO3.

Previous records:South Africa; Late Carboniferous to Permian (MacRae, 1988). South
America; Early Permian (Marques-Toigo & Klepzig, 1995).

Plicatipollenites sp.
Plate 6, figure 12

Description: Pollen monosaccate, trilete. Amb sub-circular to polygonal, outline
smooth or rarely slightly crenulated. Laesurae indistinct, digaeror distinct,
slightly symmetric to non-symmetric, uneven lengths with atsoat diminished
third ray; longest ray extent; radius of corpus. Corpus well defined, distinct,
polygonal elongate or broadly oval to oval elongate with one side corymonl
narrower; characteristic marginal polygonal to circularxmal folds, usually
non-continuous on narrower end of corpus. Saccus infrareticulate, non-radia
width non-uniform, narrower at extreme end of corpus longer axis.

Dimensions: Equatorial diameter; 1261, 134 m, 144 m, 152m (4 specimens,
STRAT 1), 196 m (1 specimen, CKP6). Corpus diameter;,9800 m, 100 m,
112 m (4 specimens, STRAT 1), 9 (1 specimen, CKP6). Saccus width;
34 m, 37 m, 45 m, 45 m (4 specimens, STRAT 1), 5n (1 specimen, CKP6).

Remarks: The present specimens are distinguished fRbicatipollenites gondwanensis
on the basis of a slightly polygonal form in amb and corpus as weitesnal
folds that are non-continuous. The specimens (pl. 3, fig. 11) assign&zchy
and Di Pasquo (2000) ®ircumplicatipollis plicatusOttone & Azcuy 1988 seem
identical to the present specimens except no two intexinal foldnsgshave been
recognized in this study as shown in thent-fig. 4Gand the descriptions.

Occurrence: STRAT 1, CKP6.
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Plicatipollenites sp. A
Plate 6, figure 13

Description: Pollen monsosaccate, trilete. Amb oval elongate to broadly ovaheoutl
uneven, corrugated or smooth. Laesurae distinct, asymmetricag wotim
uneven ray lengths, some with characteristic y-shaped féomgest rays extend
/5 to ¥ of corpus radius. Corpus distinct, oval elongate, proximallygats/r
infrapunctate, distally infrareticulate, discontinuous to continuousuleir and
slightly polygonal intexinal folds; folds sub-equatorial to midwayeein margin
and polar axes. Saccus finely reticulate with brochi 1 m 4and moderate to
strongly radial; saccus widts to nearly equal corpus radius.

Dimensions: Equatorial diameter; long axis 73(91)112 (7 specimens, STRAT 1),
short axis 60m, 74 m, 90 m (3 specimens, STRAT 1). Corpus diameter; long
axis 46(60)76m (7 specimens, STRAT 1), short axis 85 45 m, 65 m, 66 m
(4 specimens, STRAT 1). Saccus width; 11(21)26um (7 specimens, STRAT 1).

Remarks: The present specimens appear similar to the specimen (. 8) fissigned
by Azcuy & Di Pasquo (2000) tGircumplicatipollis stigmatuglLele & Karim)
Ottone & Azcuy 1988; however, the two intexinal folds described Az Di
Pasquo (2000) are not apparent in the present specimens.

Occurrence: STRAT 1.

Plicatipollenites sp. B
Plate 6, figure 14

Description: Pollen monosaccate, trilete. Amb sub-circular to slightly digoaval,
outline smooth. Laesurae indistinct to poorly discernible. Corpus suldasito
polygonal; cappula sub-equatorially detached from saccus, irreguidine,
mircrorugulate. Saccus finely reticulate with brochi 1 m2radial.

Dimensions: Equatorial diameter; 39n, 40 m, 48 m (3 specimens, STRAT 1).
Corpus diameter; 2T, 27 m, 28 m (3 specimens, STRAT 1). Saccus width;
9m,9m,20m.

Remarks: The present specimens differ from other forms of this genusvingha much
smaller size and also in showing a conspicuously detached saccus.

Occurrence: STRAT 1.
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InfraturmaVESICULOMONORADITI Pant 1954
Genus CAHENIASACCITES Bose & Kar 1966
Type speciesCaheniasaccites flavatui®ose & Kar 1966 (by original designation).

Caheniasaccites ovatuBose & Kar 1966
Plate 6, figure 15

1966 Caheniasaccites ovatiose & Kar, p. 87; pl. 26, figs 8 — 10.

Description: Pollen monosaccate; indistinct to weakly discernible monoletk. ma
Amb longitudinally oval, ratio of longitudinal to transverse axis appnately
1.5 : 1, outline finely irregular or corrugated. Corpus indistinctpoorly
discernible, subcircular or slightly transverly oval. Saccuslyfimeticulate,
radially elongate; width uneven, slightly constricted at cent@otal grains
indicate a haploxylonoid-like bisaccate shape.

Dimensions: Equatorial diameter; long axis 8@, 110 m (2 specimens, STRAT 1),
short axis 60m, 80 m (2 specimens, STRAT 1). Corpus diameter;80(1
specimen, STRAT 1).

Remarks: The present specimens are poorly preserved to provide a complzipties
and comparison with similar fomrs. However, following MacRae (1,98%)
present specimens have been assigne@.tmvatuson the basis of a more
haploxylonoid-like amb and a sub-circular to transversely ovalerathan
longitudinally oval corpus.

Occurrence: STRAT 1.

Previous records: South Africa; Late Carboniferous to Permian (MacRae, 1988). DR-
Congo; Early Permian (Bose and Kar, 1966).

Caheniasaccites flavatuBose & Kar 1966
Plate 6, figure 16

1966 Caheniasaccites flavatiose & Kar, pp. 85 — 86; pl. 26, figs 4 — 5.
1979 Caheniasaccites ovati{Bose & Kar) Archangelsky & Gamerro, p. 447; pl. 8, fig.
7;pl. 9, figs 1 - 3.

Description: Pollen monosaccate, monolete. =~ Amb longitudinally oval, ratio of

longitudinal to transverse axis approximately 2 : 1; outline uneveorangated.
Corpus poorly preserved, outline discernible, longitudinally oval; neficulate.
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Saccus finely reticulate, radial; width uneven, strongly consttich middle
indicating a bissacate shape.

Dimensions: Equatorial diameter; long axis 118, 114 m, 132 m, short axis 60m,
62 m, 67 m (3 specimens, STRAT 1). Corpus diameter; long axissy71 m,
short axis 28m, 50 m (2 specimens, STRAT 1).

Remarks: The present specimens are differentiated fr@m ovatusin having a
longitudinally oval corpus as well as a diploxylonoid-like amb, followthg
views of MacRae (1988).

Occurrence: STRAT 1.

Previous records:South Africa; Late Carboniferous to Permian (MacRae, 1988). South
America; Late Carboniferous to Early Permian (Archangelskganerro, 1979;
Marques-Toigo & Klepzig, 1995). DR-Congo; Early Permian (Bose kKed
1966).

Genus POTONIEISPORITES BhardveapendBharadwaj 1964
Type speciesPotonieisporites novicuBhardwaj 1954 (by original designation).

Remarks: An attempt has been made in this study, albeit with difficitiyseparate
specimens attributed to the present genus into different speciewifgl the
views of Azcuy and Di Pasquo (2000), in which specimens are diffetehtoy
considering the nature of saccus attachment and corpus fold syatehseveral
other related aspects.

Potonieisporites novicuBhardwaj 1954
Plate 6, figure 17

1954 Potonieisporites novicuBhardwaj, pp. 520 — 521; text figs 9, 10.
1956 Potonieisporites novicuBhardwaj, pp. 133 — 134; pl. 2, figs 13 — 14; text fig. 11.

For additional synonymy see MacRae (1988)

Description: Pollen monosaccate, monolete; straight or geniculate tretrdd mdanb
oval, outline generally smooth. Corpus distinct, broadely oval withtslig
elongation in transverse axis, with marginal or subequatorial tnsetyealigned
folds. Laesurae extend; diameter of corpus in longitudinal direction. Saccus
infrareticulate; attachment equatorial to sub-equatorial.

Dimensions: Equatorial diameter; long axis 66(106)146 (8 specimens, STRAT 1),

72(108)157m (12 specimens, CKP6), short axis 55(77)y87(8 specimens,
STRAT 1), 50(78)121m (12 specimens, CKP6). Corpus diameter; long axis
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32(62)80 m (6 specimens, STRAT 1), 5, 60 m, 62 m (3 specimens, CKP6),
short axis 42m, 51 m, 56 m (3 specimens, CKP6).

Remarks: In this study the present specimens are differentiated frben tirms of the
genus in having relatively distinct transversely aligned maigir subequatorial
folds as well as transversely elongate corpus.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Australia; Late Carboniferous to Late Permian (Foster, 1975, 1979).
Pakistan; Early Permian (Balme, 1970). South Africa; Latb&@@aferous to Late
Permian (MacRae, 1988; Millsteed, 1999). South America; Late Qifebmus
to Early Permian (Marque-Toigo & Klepzig, 1995).

Potonieisporites brasiliensi@fNahuys, Alpern & Ybert) Archangelsky & Gamerro 1979
Plate 6, figure 18

For synonymy see Archangelsky and Gamerro (1979)

Description: Pollen monosaccate, tetrad mark indistinct. Amb distinctivealgl
elongate. Corpus distinct, occasionally darker or dense, oval elomg#be
longitudinal direction; discontinuous to continuous peripheral folds, sub-circular
to locally polygonal. Saccus equatorially to sub-equatorially attiagleéiculate,
with brochi 2 - 4 m and radially arranged.

Dimensions: Equatorial diameter; long axis 114(147)18v (5 specimens, STRAT 1),
54(96)150m (5 specimens, CKP6), short axis 60(94)I1h2(5 specimens,
STRAT 1), 30(67)97m (5 specimens, CKP6). Corpus diameter; long axis
54(78)103m (5 specimens, STRAT 1), short axis 42(61)79 (5 specimens,
STRAT 1).

Remarks: The present specimens are distinguished from other forms of tus ge
having a much more pronounced oval elongate amb and central body.

Occurrence: STRAT 1, CKP6.
Previous records: South America; Late Carboniferous to Late Permian

(Archangelsky & Gamerro, 1979; Marques-Toigo & Klepzig, 1995; Az&UYi
Pasquo, 2000).

Potonieisporites congoensBose & Maheshwari 1968
Plate 6, figure 19

For synonymy see Azcuy and Di Pasquo (2000)
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Descriptions: Pollen monosaccate, monolete; tetrad mark may indicate short or
diminished third ray. Amb with polygonal edges, slightly oval, elang&orpus
distinctively sub-rectangular to slightly sub-circular; sub-equet@ontinuous
intexinal folds. Laesurads of corpus diameter in longitudinal axis. Saccus
attachment equatorial to subequatorial; infrareticulate to infragtaclocally
frilled.

Dimensions: Equatorial diameter; long axis 106(118)140(5 specimens, STRAT 1),
short axis 78(89)100n (5 specimens, STRAT 1). Corpus diameter; long axis
59(66)69 m (5 specimens, STRAT 1), short axis 56§ 57 m, 59 m, 62 m (4
specimens, STRAT 1).

Remarks: The present specimens differ from other forms of the genus\imga
pronounced polygonal or sub-rectangular corpus.

Occurrence: STRAT 1.

Previous records:  South America; Late Carboniferous to Early Permian (Azawy a
Di Pasquo, 2000; Playford and Dino, 2002). DR-Congo; Early Permian (Bose
and Kar, 1966).

SubturmaDISACCITES Cookson 1947
InfraturmaDISACCITRILET! Leschik 1955

Genus ILLINITES Kosanke 1950
Type speciedilinites unicusKosanke 1950 (by original designation)

Remarks: In this study specimens are assigned to the present genus drashd
recognition of distinct trilete tetrad marks following the diagnad Kosanke
(1950). Clarke (1965) and MacRae (1988) discuss the history of this genus i
accordance with the original diagnosis of Kosanke (1950).

lllinites spectabilis(Leschik)comb. nov.
Plate 7, figure 1

1956 lllinites spectabilisLeschik, p. 131; pl. 21, fig. 7.

Description: Pollen disaccate, trilete. Amb haploxylonoid to oval elongat@esirae
asymmetric, appears bent, but with a distinctive third ray. Cailtiect, sub-
circular to oval elongate in transverse axis, sub-equatorial to htesigverse
folds. Cappa finely reticulate, ¥ of corpus. Sacci seem attached by narmalv late
bladder; infrasculpture of micro-vermiculate or micro-punctate iwelyf
reticulate, with brochi 1-2n wide.
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Dimensions: Total length; 32m, 58 m, 67 m, 85 m (4 specimens, STRAT 1). Saccus
breadth; 21m, 34 m, 45 m, 58 m (4 specimens, STRAT 1). Corpus breadth;
17 m, 32 m, 48 m (3 specimens, STRAT 1), Corpus length; @039 m, 53 m
(3 specimens, STRAT 1).

Remarks: Specimens assigned to the present genus are distinguished frenothbs
genusLimitisporites Leschikemend.Klaus 1963 in having convincingly trilete
tetrad marks. The specimens (p.342; pl.44, figs. 3-4) assignedallye G1965)
to lllinites delasaucei(Potonié and Klaus) Grebe and Schweitzer 1962 are
considered equivalent to the present specimens.

Occurrence: STRAT 1.

Previous records:Germany; Late Permian (Leschik, 1956). Great Britain; Latenian
(Clarke, 1965).

Genus LIMITISPORITES LeschigmendKlaus 1963
Type specied.imitisporites rectud.eschik 1956 (by original designation).

Remarks: Specimens assigned to the present genus include those withtstmaitplete
tetrad marks, as well as some that indicate slight bulgingd@aning of the tetrad
mark in the middle, tending to dilete, but without a clear third dayeloped.
Following Schaaschmidt (1963), no attempt has been made in thistetaslyign
specimens with bent monolete marks into a separate genudugasporites
Leschik 1956, instead specimens with similar features are corcidader the
present genus.

Limitisporites rectud_eschik 1956
Plate 7, figure 2

1956 Limitisporites rectud eschik, p.133; pl.21, fig. 15.
For synonymy see Foster (p.71, 1979)

Description: Pollen disaccate, monolete. Amb haploxylonoid to oval elongate dy near
so. Laesura straight to slightly undulate, narrow to almositetform to widely
opened in rare specimens; extéfdof the longitudinal diameter of the corpus.
Corpus distinct, relatively darker than sacci, sub-circular to oual ng axis
along grain’s transverse axis, short sides nearly straight, oafgmwith
equatorial to sub-equatorial transverse folds; intexine 1.5m thick. Sacci
crescentic to slightly more than semi-circular in outline, tm@yoined by narrow
lateral bladder c. Im wide; infrasculpture finely reticulate, brochi 1/ wide,
polygonal to radial.
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Dimensions: Total length; 50(68)104n (14 specimens, STRAT 1), 50(57)85 (5
specimens, CKP6). Saccus breadth; 32(44)76 (14 specimens, STRAT 1),
32(37)40m (5 specimens, CKP6). Corpus breadth; 28(37)47 (8 specimens,
STRAT 1), 29m, 30 m, 31 (3 specimens, CKP6), Corpus length; 34(46)70 (12
specimens, STRAT 1), 29(34)3n (5 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of tus ge
having a haploxylonoid to elongate oval amb.

Occurrence: STRAT 1, MESS.

Previous records: South America; Early Permian (Marques-Toigo and Klepzig, 1995;
Playford and Dino, 2002).

Limitisporites monstruosugLuberin Luber and Waltz) Hart 1965
Plate 7, figure 3

1941 Pemphygaletes monstruodusber in Luber and Waltz, p.59; pl.12, fig.202.
1965 Limitisporites monstruosug.uber in Luber and Waltz) Hart, p.80; text fig. 190.

For additional synonymy see MacRae (1988).

Description: Pollen disaccate, monolete. Amb slightly haploxylonoid to diploxylonoid.
Laesura poorly distinct to discernible, straight to slight bendingwadening in
the center. Corpus distinct, darker, sub-circular to oval and occagishglitly
polygonal with near straight sides, transversely elongate, two @ tnamsversely
aligned to occasionally oblique and longitudinal intexinal folds; ineexinm
thick. Sacci crescentic to semi-circular in outline, joined byrowa lateral
bladders 2 - 3m wide, slightly inclined distally; infrapunctate and finely
reticulate, brochi 1 - 2n wide.

Dimensions: Total length; 70(80)104n (13 specimens, STRAT 1), 77(93)119 (5
specimens, CKP6). Saccus breadth; 39(51)¥§13 specimens, STRAT 1),
50(57)62 m (5 specimns, CKP6). Corpus breadth; 35(470506 specimens,
STRAT 1), 44(48)56m (5 specimens, CKP6), Corpus length; 42(52pp711
specimens, STRAT 1), 45(52)G63 (5 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of tus ge
having a slightly diploxylonoid amb with occasionally distally inclined sacci.

Occurrence: STRAT 1, CKP6, CKP9, KGO3.

Previous records:South Africa; Late Carboniferous to Early Permian (MacRae, 1988).
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Limitisporites perspicuugLeschik)comb. nov.
Plate 7, figure 4

1956 Jugasporites perspicuulseschik, p. 132; pl. 21, fig. 12.

Description: Pollen disaccate, monolete. Amb slightly diploxylonoid, tending to
haploxylonoid. Laesura bent in the middle or dilete. Corpus distinct, prominently
dark, circular to sub-circular. Sacci semi-circular, joined layrow lateral
bladders 2m wide; fine to microreticulate, brochi radially arranged.

Dimensions: Total length; 47(63)74 (5 specimens, STRAT 1). Saccus breadth;
29(37)42 (5 specimens, STRAT 1). Corpus diameter; 30(37)40 (5 specimens,
STRAT 1).

Remarks: The present specimens are in this study distinguished fromfothes of the
genus in having a bent monolete or dilete mark, as well as a magutarly
circular and darker corpus. Specimens that exhibit a bent memoldilete mark
have been assigned by other authors (e.g. Klaus, 1963; MacRae, 1988) to the
genusJugasporited_eschik 1956, however, this approach has not been followed
in this study because it seems a less solid base toiglstaldeparate genus rather
than an additional species category under the pesent genus. Tiheesggp.54;
pl. 21, figs. 3-4) described by MacRae (1988)agasporites sp. &re considered
equivalent to the present specimens. The figured specimen (p.287 figl.Bj,
assigned by Backhouse (1991) ltonitisporites rectusLeschik 1956 is also
considered equivalent to the present specimens.

Occurrence: STRAT 1.

Previous records: Australia; Permian (Backhouse, 1991). Germany; Late Permian
(Leschik, 1956). South Africa; Late Carboniferous to Late PerniéacRae,
1988).

Limitisporites sp.
Plate 7, figure 5

Description: Pollen disaccate, monolete. Amb slightly haploxylonoid to diploxylonoid,
tending to longitudinally oval elongate. Laesura poorly distinct, apigede
straight, either bordered by some darkened areas or has a falunggsed on it.
Corpus distinct, dark, longitudinally elongate, oval to slightly polygamaome
specimens, longitudinal and rare transverse intexinal folds. Sewgttcircular,
joined on one side by narrow lateral bladder; infrareticulate.

Dimensions: Total length; 80m, 90 m, 100 m (3 specimens, STRAT 1). Saccus
breadth; 39m, 39 m, 48 m (3 specimens, STRAT 1). Corpus breadth;M1
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47 m, 49 m (3 specimens, STRAT 1), Corpus length; B) 64 m, 66 m (3
specimens, STRAT 1).

Remarks: The present specimens are differentiated from other fofntseogenus in
having a longitudinally elongate corpus. There appears to be clogarigym
between the present specimens and the descriptions by MacRae (p8&1ofL
the species he termddmitisporites sp. The latter however has a much more
pronounced lateral bladder joining the sacci.

Occurrence: STRAT 1.

Genus VESTIGISPORITES Balme & HennelynendJansonius 1976

Type speciesVestigisporites rudiBalme & Hennelly 1955 (by subsequent designation
of Potonie, 1958).

Vestigisporites rudiBalme & Hennelly 1955
Plate 7, figure 6

1955 Vestigisporites rudiBalme & Hennelly, p. 95; pl. 6, figs 54 — 57.

Description: Pollen disaccate, monolete. Amb haploxylonoid to weakly diploxylonoid.

Laesura occasionally distinct, straight, and extending approxim4tebf the
diameter of the corpus. Corpus distinct, some specimens extrdar&|ycircular
to subcircular and oval (some specimens nearly hexagonal), longitumtinal
transversely elongate, proximally laevigate to rarely micesglate; intexine 2 -
3 m thick. Sacci semi-circular to slightly more than senutdar in shape,
generally symmetrical on either side of the corpus, often joined bglldtadders
1 - 13 m wide; finely reticulate with brochi 1 - & wide and often radially
arranged.

Dimensions: Total length; 53(94)146 (17 specimens, STRAT 1)%678 m, 82 m (3
specimens, CKP6). Saccus breadth; 26(58)86 (17 specimens, STRAT rh), 34
40 m, 42 m (3 specimens, CKP6). Corpus breadth; 30(44)55 (10 specimens,
STRAT 1), 36 m (1 specimen, CKP6), Corpus length; 25(47)69 (17 specimens,
STRAT 1), 28 m, 38 m, 42 m (3 specimens, CKP6).

Remarks: The present specimens appear very close to the specimens destribe
figured in Balme and Hennelly (1955, p. 95, pl. 6, figs 54 — 57y &stigisporites
rudis, with remarkable similarities displayed by some that demtical to the
specimen (fig. 54) nominated by Potonié (1958) as the lectotype. dieegeeat
similarities also with the specimens (pl. 84, figs 1 — 17)r&duin Anderson
(1977) and assigned Yestigisporites rudi8alme and Hennelly 1955.
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Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Australia; Permian (Balme & Hennelly, 1955). South Africate.
Carboniferous to Late Permian (Anderson, 1977; MacRae, 1988).

Vestigisporites ventrisaccatusnderson 1977
Plate 7, figure 7

1955 Vestigisporites spnfA” Balme & Hennelly, pp. 95 — 96; pl. 6, figs 58 — 64.
1977 Vestigisporites ventrisaccat#mderson, p. 92; pl. 82, figs 1 — 27; pl. 83, figs 1 —
13.

Description: Pollen disaccate, monolete to rarely dilete. Amb haploxylonoigkpu@
distinct, dark, circular to sub-circular and broadly oval; intexine2lm thick.
Sacci crescentic to semi-circular in shape, commonly joined bywdateral
bladders 0.5 - Im wide; infrareticulate with brochi In wide, occasionally
micro-punctate or micro-vermiculate.

Dimensions: Total length; 54(58)69n (8 specimens, STRAT 1), 3®, 56 m, 57 m,
65 m (4 specimens, CKP6). Saccus breadth; 28(37)45 (8 specimens, STRAT 1),
25 m, 25 m, 27 m, 45 m (4 specimens, CKP6). Corpus breadth; 28337 m,
40 m, 44 m (4 specimens, STRAT 1), 2& (1 specimens, CKP6), Corpus
length; 30(41)52m (7 specimens, STRAT 1), 2, 34 m, 34 m, 40 m (4
specimens, CKP6).

Remarks: The present specimens differ frovestigisporites rudisn having a clearly
distinct haploxylonoid amb and generally smaller sacci relative to the corpus.

Occurrence: STRAT 1, CKP6.

Previous records: Australia: Permian (Balme & Hennelly, 1955). South Africa:
Permian (Anderson, 1977; Millsteed, 1999).

InfraturmaDISACCIATRILETI LeschikemendPotonié 1958

Genus ALISPORITES Daugherty 19dfnend.Jansonius 1971

Type speciesAlisporites opiiDaugherty 1941 (by monotypy)

Remarks: Much uncertainty surrounds the true identity of this genus due o th
unequivocal nature of its diagnostic features, dominated by the tdracddhe
leptoma. The history of the genus has been fully discussed bylsautitors that

include Balme (1970), Jansonius (1971), Foster (1979), and MacRae (1988). The
material observed from this study does not allow any criacalayses for the
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genus. Specimens considered under this genus are those that esdabadrably
well recognizable distal sulcus and are non-striate.

Alisporites ovatugBalme & Hennelly) Jansonius 1962
Plate 7, figure 8

1955 Florinites ovatuBalme & Hennelly, p. 96; pl. 5, figs. 49 — 52.

1962 Alisporites ovatugBalme & Hennelly) Jansonius, pp. 58 — 59; pl. 13, figs 3 - 5.

1975 Scheuringipollenites ovatyBalme & Hennelly) Foster, pp. 19 — 20; pl. 6, figs 5
— 6.

For additional synonymy see MacRae (1988)

Description: Pollen disaccate, distally sulcate. Amb haploxylonoid, oval. Corpus
elongate in transverse axis of grain, oval, outline poorly to ralistinct. Sacci
semi-elliptical, finely reticulate with brochi about lwides. Distal sacci
attachment sub-parallel, defining margin to a narrow sulcus xkecéfull length
of corpus.

Dimensions: Total length; 36(42)49 (13 specimens, STRAT 1), 37(51)58 (8 specimens,
CKP6). Saccus breadth; 24(33)41 (13 specimens, STRAT 1), 28(37)42 (8
specimens, CKP6). Corpus breadth; 19(23)28 (7 specimens, STRAT #f), 21
31 m (2 specimens, CKP6), Corpus length; 29(33)39 (7 specimens, STRAT 1),
28 m, 32 m (2 specimens, CKP6).

Remarks: The present specimens are distinguished in having an oval haploxylonoi
amb with sacci breadth wider at middle of grain in polar view thaxteeme end
of long axis; the specimens also indicate a generally narrdativedy straight-
edged distal sulcus extending the full length of the corpus.

Occurrence: STRAT 1, CKP6, ML1.

Previous records: Widely recorded from the Permian of Gondwana (Balme &

Hennelly, 1955; Bharadwaj, 1962; Maheshwari and Bose, 1969; Balme, 1970;
Foster, 1975, 1979; MacRae, 1988).

Alisporites australisde Jersey 1962
Plate 7, figure 9
1962 Alisporites australigle Jersey, pp. 8 — 9; pl. 2, fig. 14; pl. 3, figs 3 — 4.

For synonymy see Foster (1979).
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Description: Pollen disaccate, distally sulcate. Amb haploxylonoid to slightly
diploxylonoid. Corpus distinct, darker, broadely oval to sub-circular, eleriga
transverse or longitudinal axis of grain. Sacci crescentioutline, discreet,
finely reticulate with brochi 1 — 3n wide.

Dimensions: Total length; 46(69)98 (6 specimens, STRAT 1), B6(1 specimen,
CKP®6). Saccus breadth; 28(40)49 (6 specimens, STRAT 1 62 specimen,
CKP6), Saccus length 2ih, 38 m, 42 m (3 specimens, STRAT 1). Corpus
breadth; 24m, 27 m, 34 m (3 specimens, STRAT 1), Corpus length 26(40)48 (5
specimens, STRAT 1).

Remarks: The present specimens are distinguished from other forms ajetnes
based on its tendency to a diploxylonoid amb, as well as a réfatieeker
corpus.

Occurrence: STRAT 1, CKP6.

Previous records: Australia; Permian (Foster, 1979). South America; Permian
(Marques-Toigo & Klepzig, 1995).

Alisporites potonieLakhanpal, Sah & Dube) Somers 1968
Plate 7, figure 10

1960 Pityosporites potonidiakhanpal, Sah & Dube, p. 115; pl. 2, figs 18 — 20.
1960 Vesicaspora maximiart, pp. 10 — 11; pl. 3, fig. 33.
1968 Alisporites potonie{Lakhanpal, Sah & Dube) Somers, p. 355.

For additional synonymy see MacRae (1988).

Descriptions: Pollen disaccate, distally sulcate. Amb haploxylonoid, outlireular to
subcircular; slightly elongate in either transverse or longitldimes. Corpus
poorly distinct, oval elongate in transverse direction. Sacdicgeniar or nearly
so, distal attachment lines parallel and almost in contact aselgl separate
defining margins to narrow sulcus. Sacci infrastructure findighitly coarse,
brochi 1 - 4 m wide, polygonal.

Dimensions: Total length; 47m, 74 m (2 specimens, STRAT 1), 48(62)78um (5
specimens, CKP 6). Saccus breadth;M066 m (2 specimens, STRAT 1),
45 m, 47 m, 52 m, 73 m (4 specimens, CKP6). Corpus breadth; 27(1
specimen, STRAT 1), Corpus length; 82 (1 specimen, STRAT 1).

Remarks: Details surrounding delineation and definition, together withpaoieons of

this taxon are discussed by MacRae (1988). In this study thenpegseimens
are distinguished from other forms of the genus in their tendena\cii@ular or
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subcircular haploxylonoid amb, with the distal sacci attachment fiaesglel and
occassionaly nearly in contact.

Occurrence: STRAT 1, CKP6.

Previous records: Africa; Permian (Anderson, 1977; MacRae, 1988). Australia;
Permian (Foster, 1979).

Alisporites splendengleschik) Foster 1979
Plate 7, figure 11

1956 Sulcatisporites splendemneschik, p. 137; pl. 22, fig. 10.
1970 Falcisporites nuthallensi@Clarke) Balme, p. 389; pl. 15, figs 15 — 18.

For synonymy see Foster (1979).

Description: Pollen disaccate. Amb haploxylonoid. Corpus poorly discernible to
distinctive outline, broadely oval, rarely angular, elongate in texssvdirection
of grain. Sacci semicircular to just slightly more, distieut may be joined by
narrow lateral bladder. Sacci infrastructure clearly ddfinine to coarse
reticulate, brochi 1 - 5Gmn wide; polygonal but tending to radially aligned near
sacci roots. Sacci outline uniformly broadely rounded. Sulcus disketut
poorly defined; appears to have rounded ends.

Dimensions: Total length; 51(65)100n (5 specimens, STRAT 1). Saccus breadth;
36(42)53 m (5 specimens, STRAT 1), Saccus length;871 specimen, STRAT
1). Corpus breadth; 2&, 34 m, 35 m (3 specimens, STRAT 1), Corpus
length; 35m, 36 m, 39 m (3 specimens, STRAT 1).

Remarks: The present specimens are distinguished from other forms gfethes in
having a haploxylonoid amb of uniformly broad semi-circular sacci, andlla
defined fine to coarse reticulate infrastructure. Severdah@fspecimens (e.qg.
pl.144, figs.18, 20; pl.145, fig. 42) assigned by Anderson (197R)tyosporites
ovatusBalme and Hennelly 1955 are equivalent to the present specimens.

Occurrence: STRAT 1.

Previous records: Australia; Permian (Foster, 1975; 1979). DR-Congo; Late Permian
(Maheshwari and Bose, 1969). South Africa; Permian (Anderson, 1977).
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Genus PLATYSACCUS Naumova 1988Ishchenko 1952

Type speciesPlatysaccus papilioni®otonié & Klaus 1954 (by subsequent designation
of Potonié & Klaus 1954).

Platysaccus papilioni$otonié & Klaus 1954
Plate 7, figure 12

1954 Platysaccus papilioni®otonié & Klaus, p. 540 — 541; pl. 10, figs 11 — 12.
1955 Lueckisporites fusuBalme & Hennelly, p. 92; pl. 1, figs 6 — 10.
1975 Platysaccus sp. Af Foster, p. 146; pl. 6, figs 12 — 13.

Description: Pollen disaccate. Amb strongly diploxylonoid. Corpus distinct tarigle
discernible, dark; outline subcircular to oval elongate in transwreetion of
grain. Sacci much larger than corpus, greater than semiciioutnape, finely
infrareticulate with superimposed vermiculate; brochi 1 m2wide. Narrow
cappula c. 2m wide, extending full length of corpus.

Dimensions: Total length; 64m, 65 m (2 specimens, STRAT 1), 48(58)f3 (6
specimens, CKP6). Saccus breadth; 3940 m (2 specimens, STRAT 1),
29(41)56 m (6 specimens, CKP6). Corpus breadth; @020 m, 27 m (3
specimens, CKP6), Corpus length; 84 28 m (2 specimens, STRAT 1),
22(24)33 m (5 specimens, CKP6).

Remarks: The present specimens are rare in the study material andamequate for
complete comparative analyses. Their distinction is based onldhgér sacci
relative to the small often darker corpus, as well as their non-striatectdra

Occurrence: STRAT 1, CKP6, KGO3.

Previous records:Australia; Permian — Trissiac (Balme & Hennelly, 1955; Fp4i@75,
1979). India; Permian (Bharadwaj, 1962). South Africa; Permian (Anderson,
1977; MacRae, 1988).

Platysaccus sp.
Plate 7, figure 13

Description: Pollen disaccate. Amb moderately diploxylonoid. Corpus poorly
preserved but discernible; outline broadely oval elongate in traestieestion of
grain. Sacci slightly larger than semicircle in shape;astfucture poorly
discernible but seem infrapunctate and vermiculate, radially arranged.

Dimensions: Total length; 56m, 57 m, 65 m, 66 m (4 specimens, STRAT 1), 58,

54 m (2 specimens, CKP6). Saccus breadth;n8236 m, 37 m, 40 m (4
specimens, STRAT 1), 3éh, 34 m (2 specimens, CKP6), length 18 (1
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specimen, STRAT 1). Corpus breadth; @84 25 m, 28 m (3 specimens,
STRAT 1), Corpus length; 281, 30 m, 31 m, 36 m (4 specimens, STRAT 1),
25 m, 30 m (2 specimens, CKP6).

Remarks: The present specimens are differentiated fi®@mpapilionis in having a
relatively moderate diploxylonoid amb and a less pronounced dispargizen
between the sacci and corpus.

Occurrence: STRAT 1, CKP6, KGO3, ME5S8, ML1.

Genus PTERUCHIPOLLENITES Couper 1958
Type speciesPteruchipollenites thomasouper 1958

Remarks: The exact nature of this genus can not be explicitly artedilaue to its
remarkable similarities with other associated forms, padrbulAlisporites
Daugherty 1941. A brief history of this genus is discussed in lsladqR988)
where its main determining factor is considered to be the Uabiligy of a distal
sulcus. In this study specimens considered under the present getisareith
a discernible cappula but without any clearly distinctive and unequivocal sulcus.

Pteruchipollenites sp.
Plate 7, figure 14

Descriptions: Pollen disaccate. Amb haploxylonoid, slightly elongate along grain

longitudinal axis. Corpus outline poor to clearly discernible, bigadeal to
nearly subcircular, slightly elongate in transverse directbngrain. Sacci
crescentic in outline, generally appears joined by narrowralatband;
infrastructure finely reticulate, brochi 1 - @ wide. Cappula with subparallel
sides to nearly oval; breadth abdigtof corpus.

Dimensions: Total length; 45m, 50 m, 57 m, 62 m (4 specimens, STRAT 1), 9n,
117 m (2 specimens, CKP6). Saccus breadth;n8737 m, 38 m, 42 m (4
specimens, STRAT 1), 7én, 87 m (2 specimens, CKP6). Corpus breadth;
34 m, 35 m (2 specimens, STRAT 1), 6mn (1 specimen, CKP6), Corpus
length; 32m, 35 m, 35 m, 38 m (4 specimens, STRAT 1), 7ih (1 specimen,
CKP®6).

Remarks: Specimens are rare for detailed comparisons but seem dishtiaglé in
having sacci joined with a resultant monosaccate-like form but withasively
well-defined cappula. Some of the specimens assigned by And@i$on) to
Pityosporites ovatuge.g. pl.144, figs.30, 40, 44) and Rityosporites maximus
(e.g. pl.149, figs.6, 18) are considered equivalent with the present specimens.

Occurrence: STRAT 1, CKP6.
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Previous records:South Africa; Permian (Anderson, 1977).

InfraturmaSTRIATITI Pant 1954
Genus HAMIAPOLLENITES WilsoremendTschudy and Kosanke 1966
Type specieHamiapollenites saccatud/ilson 1962

Remarks: A brief insight into the nature and history of this genus is dssmlisn
Jansonius (1962), Hart (1965), and Foster (1979). Specimens considered under
the present genus consist of striations and taenae that are gitpxparallel and
distally perpendicular to grains longitudinal axes.

Hamiapollenites bullaeformigSamoilovich) Jansonius 1962
Plate 7, figure 15

1953 Protodiploxypinus bullaeformiSamoilovich, p.33; pl. 4, figs.1a, b.
1962 Hamiapollenites bullaeformi€&Samoilovich) Jansonius, p.72.

Description: Pollen disaccate, striate. Amb distinctly oval elongate, hgldowid.
Corpus distinct, broadly oval elongate in grain long axis. Proximalvagh
sharply distinct 9 to 14 striations giving rise to 10 to 15 taenae, abodt 12
wide, parallel to long axes of grain, and locally tapering and dafung;
infrastructure micro-punctate or micro-reticulate. Narroanswversely oriented
central distal keel, sharply distinct to faintly so, with wgadteéfined striations.
Sacci crescentic to nearly semi-circular in shape, attachsénéquatorial,
infrastructure finely reticulate.

Dimensions: Total length; 59(65)69n (5 specimens, STRAT 1), 68um, ™3, 74 m (3
specimens, CKP6). Total width of grain; 35(41)54 (5 specimens, STRAT 1)
35um, 41 m, 47 m (3 specimens, CKP6).

Remarks: The present specimens are in this study distinguished from othes bf the
genus in having a distinctively oval elongate haploxylonoid amb, and fom
saccatusin having the corpus relatively wider along the long axis of tiaéng
The figured specimens in Kremp and Spackman (1961; Vol.13; p.13-127) of
Protodiploxypinus bullaeformisSamoilovich 1953 and the specimen (p.65)
assigned by Marques-Toigo and Klepzig (1995Ht&miapollenites tractiferinus
(Samoilovich) Jansonius 1962 have striking similarities and are coedide
equivalent.

Occurrence: STRAT 1, CKP6.
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Previous records: Canada; Permian (Utting, 1994). Russia; Early Permian
(Samoilovich, 1953).

Hamiapollenites fusiformigMarques-ToigopmendArchangelsky & Gamerro 1979
Plate 7, figure 16

1979 Hamiapollenites fusiformi@arques-Toigo) Archangelsky & Gamerro, pp. 457 —
461; pl. 12, figs 6 — 7.

Description: Pollen disaccate, striate. Amb oval, weakly disploxylonoid. Cembicdy
poorly defined in outline but seem longer in grain longitudinal axis. Paxtap
comprised of 14 striations giving rise to 15 taenae, some of wiedhifarrcating.
Distal keel discernible, transversely oriented and centralbaténl. Sacci
extremely smaller than central body; attachment equatorial.

Dimensions:Total length; 68m, Total width; 35m (1 specimen, CKP6).

Remarks: Species rare. Seem to have a remarkably smaller saceiation to the
central body.

Occurrence: CKP6.

Previous records: South America; Permian (Archangelsky & Gamerro, 1979; Marques-
Toigo & Klepzig, 1995).

Hamiapollenites saccatugVilson 1962
Plate 7, figure 17

1962 Hamiapollenites saccatudilson, pp. 23 — 24; pl. 3, fig. 7.
1962 Hamiapollenites bifurcatudansonius, pp. 72 — 73; pl. 15, figs 8 — 10.
1966 Hamiapollenites perisporite@izba) Tschudy and Kosanke, p.64; pl.1, figs.21-26.

Description: Pollen disaccate, striate. Amb haploxylonoid. Corpus distinct, darker
broadly oval elongate in transverse axis; proximally with yirselparated 12 - 15
taenae oriented parallel to the longitudinal axis of the graitallisvith broad
taenae highlighted by marginal intexinal folds oriented aloragngtransverse
axis. Proximal taenae infrastructure minutely punctute, granulieulate or
vermiculate. Sacci much smaller than corpus, seem joined hbgwndateral
bladder, nearly semi-circular in shape, attachment nearly equiatorigub-
equatorial; infrastructure finely reticulate, vermiculate or puacta

Dimensions: Total length; 49m, 50 m (2 specimens, STRAT 1). Saccus breadth;

26 m, 26 m (2 specimens, STRAT 1). Corpus breadth; 34(1 specimen,
STRAT 1), Corpus length; 32, 41 m (2 specimens, STRAT 1).
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Remarks: The present specimens are in this study distinguished from othes bf the
genus in having a haploxylonoid amb of characteristically smsdieci, relative
to the corpus breadth, and nearly semi-circular. Tschudy and Ko$h9&e)
have noted the variability in form of specimens belonging to this genus
particularly with regard to the number of taeniae, a featurehabievident in the
present specimens. Wilson (1962) also acknowledged the rariiy sdiccatus
from his material and that most specimens were distorted. Comslggube
present specimens have not been assigned based on the number of taeniae.

Occurrence: STRAT 1.

Previous records: North America; Late Permian (Wilson, 1962; Jansonius, 1962;
Tschudy and Kosanke, 1966).

Hamiapollenites tractiferinug(Samoilovich) Jansonius 1962
Plate 7, figure 18

1953 Protohaploxypinus tractiferinuSamoilovich, p. 36; pl. 12, figs. 2a, 2b.
1962 Hamiapollenites tractiferinu¢gSamoilovich) Jansonius, p.72.

Description: Pollen disaccate, striate. Amb weakly diploxylonoid. Corpus outline
poorly distinct but discernible, subquadrangular with slight elongaticallglato
the long axes of grains. Proximal cap display 7 striationslektia long axes of
grains, distal area indicate faint outline of centrally loc&ieel and striations in
transverse axes of grains. Taenae infrastructure micro-peinatad micro-
vermiculate. Sacci semi-circular in shape, attachment ecalaimsubequatorial,
infrastructure finely reticulate; brochi 1 - 12 wide.

Dimensions: Total length; 64m, 84 m (2 specimens, STRAT 1). Saccus breadth;
37 m, 39 m (2 specimens, STRAT 1), Saccus length;/@025 m (2 specimens,
STRAT 1). Corpus breadth; 3, 37 m (2 specimens, STRAT 1), Corpus
length; 39 m, 42 m (2 specimens, STRAT 1).

Remarks: The present specimens appear different from other forms of s ge this
study in having a slightly subquadrangular corpus. The figured speime
(Vol.13; p.13-130) of Protohaploxypinus tractiferinusSamoilovich 1953
displayed in Kremp and Spackman (1961) are clearly identical tgrésent
specimens.

Occurrence: STRAT 1.

Previous records:Russia; Early Permian (Samoilovich, 1953).
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Hamiapollenites sp.
Plate 7, figure 19

Description: Pollen disaccate, striate. Amb diploxylonoid, with sacci andaemody
nearly identical in shape. Corpus distinct, sub-circular to byaadil elongate in
transverse or longitudinal axis. Proximal cap with 7 taenae orientedeptodte
long axis of the grain, approximately 5 taenae in the distad argented
transversely. Taenae proximally infrapunctate and infraratieul Sacci nearly
circular in shape, attached sub-equatorially.

Dimensions: Total length; 56m (1 specimen, STRAT 1), 5&, 63 m (2 specimen,
CKP6). Saccus breadth; 22 (1 specimen, STRAT 1), 2k, 24 m (2
specimen, CKP6). Corpus breadth; 22 22 m (2 specimens, CKP6), Corpus
length; 27 m (1 specimen, STRAT 1), 2B, 29 m (2 specimens, CKP6).

Remarks: The present specimens differ from other forms of the genus\imga
distinctive three components figure characterized by nearmhessize and shape
of the sacci and central body; sacci are characteristicaérly circular in outline.
The specimens (pl. 14, figs 1 — 3) assigned by Balme (1970anaapollenites
insolitus (Bharadwaj & Salujha) Balme 1970 is closely similar to thesqme
specimens, except the latter has a smaller size rangeprd$ent specimens also
appear close to the specimen (p. 64) assigned by Marques-ToigoleprigK
(1995) toHamiapollenites karrooensisThe latter however displays a prominent
distal keel comprised of two transverse taenae flanking a centcais, a feature
not easily identifiable in the present specimens but could not leel it
completely.

Occurrence: STRAT 1, CKP6.

Genus LUECKISPORITES Potonié & Klaus 19&#endJansonius 1962
Type specied-ueckisporites virkkia®otonié & Klaus 1954 (by original designation)

Lueckisporites virkkiagPotonié and Klaus 1954
Plate 7, figure 20

1954 Luckisporites virkkiad’otonié and Klaus, p. 534; pl.10, figs. 1, 3.
For synonymy see Millsteed (1999)
Description: Pollen disaccate, taeniate. = Amb diploxylonoid.  Corpus distinct,
subcircular to broadly oval with slight elongation in transverséonogitudinal
axis of total grain. Proximal cap divided into half by narrdeftadhat generally

tapers on either ends, and extends full diameter of corpus alondagitudinal
axis; a monolete mark may be visible at the center of thé cl8&cci semi-
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circular in shape, distal attachment parallel defining margirssiicus about 6n
wide; infrastructure fine to micro-punctate or vermiculate.

Dimensions: Total length; 49m, 68um (2 specimen, STRAT 1), 48, 66 m, 70 m (3
specimens, CKP6). Saccus breadth;8645um (2 specimen, STRAT 1), 36,
45 m, 48 m (3 specimens, CKP6). Corpus breadth; 29um, 34um (2 specimens,
STRAT 1), 31 m, 36 m, 39 m (3 specimens, CKP6), Corpus length; 50um (1
specimen, STRAT 1), 32n, 45 m, 51 m (3 specimens, CKP6).

Remarks: Specimens recognised in this study are rare to obtain ankedetamparative
analyses. The degree of variability displayed by forms asdigo this species
was highlighted by Clarke (1965) and later discussed at detaMilisteed
(1999). Interestingly, the present specimens indicate a remarkebilarity to
the original figured specimens (p. 534; pl. 10, figs. 1, 3) of PotoniéKéabs
(1954) that is highlighted by a transition from a specimen with a circulpusao
one with a longitudinally oval corpus.

Occurrence: STRAT 1, CKP6.

Previous records: South Africa; Permian (Anderson, 1977; Aitken, 1994; Millsteed,
1999). Great Britain; Permian (Clarke, 1965). Germany; LatmiBer(Potonié
and Klaus, 1954).

Genus LUNATISPORITES Lesch#&mendMadler 1964
Type specied_unatisporites acutuseschik 1955 (by original designation)

Remarks: There is confusion and controversy surrounding usage of this genus owing to
its close relationship to the gentiseniaesporited.eschik 1955 because their
type species are considered conspecific. A brief history orel&gonship of the
two genera has been discussed by several authors including Be@@® and
Foster (1979) who hold different views and preference of usagea wsult
specimens belonging to these genera have appeared in theridratvarious
authors (e.g. Jansonius, 1962; Hart, 1964, 1965; Archangelsky & Gamerro, 1979;
Foster, 1979; Marques-Toigo & Klepzig, 1995) under either of the genus.
However, in this study, the views of Foster (1979) in wHicimatisporitesis
considered the senior synonym are followed; this is largely basedhe
consideration of Bharadwaj (1962) thBéeniaesporitess a junior synonym of
Lunatisporites Specimens described under the present genus are those
characterized by wide longitudinal taeniae, generally foutuimber but may be
more due to narrower subsidiary ones.
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Lunatisporites nubilus(Leschik)comb. nov.
Plate 8, figure 1

1956 Jugasporites nubilukeschik, p.133; pl. 21, fig. 14.

1962 Striatites? nubilugansonius, p. 69-70; pl. 14, fig. 20.

1965 Taeniaesporites nubilug.eschik) Clarke, p. 336; pl.41, fig. 4.

1979 Lueckisporites densicorpusrchangelsky and Gamerro, p.450-451; pl.11,
figs. 1-5.

Description: Pollen disaccate, taeniate. Amb strongly diploxylonoid. Corpus distinc
dark, circular, subcircular to slightly oval elongate in the lamital axis,
discernible central striae or monolete mark; intexine .5 Proximal cap with
hardly discernible to slightly discernible striations giving tigeapproximately 4
to 5 longitudinal taeniae; infrastructure micro-reticulate or pwect&acci semi-
circular to slightly more or less; infrastructure finely reticulatel punctate.

Dimensions: Total length; 65(80)100um (6 specimens, STRAT 1). Saccus breadth;
40(55)65um (6 specimens, STRAT 1), Saccus lengthm2@9 m, 31um, 36um
(4 specimens, STRAT 1). Corpus breadth; 37umn8946um (3 specimens,
STRAT 1), Corpus length; 38(45)48 (5 specimen, STRAT 1).

Remarks: The present specimens are characterized by a dark desdsabften making
it difficult to discern striations and taeniae; as a reyesal specimens identical
to the present specimens have been placed under different genera toy mos
workers. A dumbbell-like outline (e.g. Jansonius, 1962; Clarke, 1965) also helps
to distinguish this species.

Occurrence: STRAT 1.

Previous records:Great Britain; Late Permian (Clarke, 1965). Germany; LatenRn
(Leschik, 1956). South America; Permian (Archangelsky and Gamerro, 1979).

Lunatisporites variesectudrchangelsky and Gamerro 1979
Plate 8, figure 2

1979 Lunatisporites variesectuarchangelsky and Gamerro, p.453-454; pl. 11,
figs. 9-13.

Description: Pollen disaccate, taeniate. Amb strongly diploxylonoid. Corpus outline
clearly distinct, subcircular to nearly subquadrangular, strongly utivaylar
corrugated at extreme ends due to termination of striatioreeniae; discernible
bent monolete mark. Proximal cap with about five longitudinal tacta@ajae
laterally irregular in outline due to curvilinear bounding stoilas. Sacci
irregularly sub-circular in shape, bases sub-parallel and nearly touching.
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Dimensions: Total length; 54(70)97m (5 specimns, STRAT 1). Sacci breadth;
38(49)65m (5 specimens, STRAT 1). Corpus breadth; 31(43)62(5
specimens, STRAT 1), Corpus length; 36pum,mM548um, 57um (4 specimens,
STRAT 1).

Remarks: The present specimen differs from other forms of the genusspiagling
irregular longitudinal taeniae some of which is bifurcatinge Tigured drawings
in Kremp and Speckman (p.13-151, 1961) depicting the spé@tigssporites
sewardifrom Virkki (1937) appear identical to the present specimen and could
be equivalent.

Occurrence: STRAT 1.

Previous records: South America; Late Carboniferous to Early Permian (Archakge
and Gamerro, 1979; Playford and Dino, 2002).

Lunatisporites sp.
Plate 8, figures 3

Description: Pollen disaccate, taeniate. Amb moderate to slightlyngly
diploxylonoid. Corpus well defined, subcircular with slight elongation in
longitudinal axis of grain; center with discernible monolete martasionally
enclosed within irregular cleft extending full diameter of corpuongitudinal
axis. Proximal cappa robust, divided into four longitudinal taeniaerom
infrastructure reticulate, punctate, vermiculate or granulate. Sawecgeular to
larger than semi-circle in shape, distal attachment straggwing gap about 8n
- 12 m wide; infrastructure reticulate to vermiculate with punctaasionally
radially arranged.

Dimensions: Total length; 67m, 67um, 74m, 91 m (4 specimens, STRAT 1). Saccus
breadth; 39m, 41 m, 42 m, 45um (4 specimens, STRAT 1). Corpus diameter;
31 m, 37 m, 39um, 40um (4 specimens, STRAT 1).

Remarks: The figured specimens (pl. 10, figs. 5, 7) assigned by Archangeiséy
Gamerro (1979) thueckisporites stenotaeniatienéndez 1976 are considered

equivalent to the present specimens; the former clearly show thamne two
taeniae despite being described as having only two taeniae.

Occurrence: STRAT 1.

Previous records:South America; Late Permian (Archangelsky and Gamerro, 1979).

Genus PROTOHAPLOXYPINUS SamoilovigmendMorbey 1975
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For synonymy see Foster 1979

Type speciesPemphygaletes latissimusiber in Luber & Waltz 1941 (by designation
of Samoilovich, 1953, p. 36).

Remarks: A brief history of this genus is well documented in Balme (1970)teFos
(1979), and MacRae (1988). Specimens described under the present genus
include those with dominantly haploxylonoid to slightly diploxylonoid amb, and
with the proximal cap divided into six or more longitudinal taeniae.

Protohaploxypinus haigiiFoster 1979
Plate 8, figure 4

1979 Protohaploxypinus haigiroster, p. 88; pl.29, figs. 1-3.

Description: Pollen disaccate, taeniate. Amb haploxylonoid to weakly diploxylonoid.
Corpus indistinct to distinct, oval with elongation in the longitudinal akithe
grain. Proximal cap with about 5 - 6 longitudinal taeniae. Saoce than semi-
circular; infrastructure punctate to vermiculate, and faintukdte outlines with
brochi 1 - 2 m wide.

Dimensions: Total length; 51m, 70 m, 90um (3 specimens, STRAT 1). Saccus
breadth; 22m, 31 m, 34um (3 specimens, STRAT 1). Corpus breadthm21
37um (2 specimens, STRAT 1), Corpus length; 31 53um (2 specimens,
STRAT 1).

Remarks: The present specimens differ from other forms of the genus\imga
pronounced elongation of the corpus in the longitudinal axis of the grain.

Occurrence: STRAT 1.

Previous records: Australia; Middle Permian (Foster, 1979).

Protohaploxypinus hartiiFoster 1979
Plate 8, figure 5

1979 Protohaploxypinus hartjiipp. 88 — 89; pl. 30, figs. 1 — 4.

Description: Pollen disaccate, taeniate. Amb haploxylonoid to weakly diploxylonoid.
Corpus distinct, sub-rectangular i.e. extreme ends flat toynsasllonger sides
convex; elongate in transverse axis of grain. Prominent exatdd fmarginal to
cappula or sacci attachment. Proximal cap with 6 — 11 longitutikealiae,
regular to irregularly aligned, 3 - 5um wide; infrastructoriero- reticulate to
micro-punctate. Sacci semi-circular to slightly larger ttsmmi-circular in
outline, and may be joined by narrow lateral bladder; infrastreighumnctate,
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vermiculate or faintly reticulate with brochi 1 - # wide. Cappula outline
distinct to weakly discernible, rectangular to slightly ovalesgtfull dimension
of corpus.

Dimensions: Total length; 57(80)112 (11 specimens, STRAT 1), 51(75)d0Q6
specimens, CKP6). Saccus breadth; 34(54)v§11 specimens, STRAT 1),
30 m, 39 m, 45 m, 73 m (4 specimens, CKP6), Saccus length; 20(32)%6
specimens, STRAT 1). Corpus breadth; 31(450%7 specimens, STRAT 1),
53 m, 56um (2 specimens, CKP6), Corpus length; 34(51)849 specimens,
STRAT 1), 67 m, 84um (2 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms géthes on the
bases of a sub-rectangular corpus outline and a strong preseexmalffolds
marginal to the cappula. The speck®tohaploxypinus chalonei(p.337-338;
pl. 42, figs. 3-5), described by Clarke (1965), despite having a srealéerange
show great similarity to the present species and is probably conspecific.

Occurrence: STRAT 1, CKP6.

Previous records: Australia; Permian (Foster, 1979). South America; Permian
(Marques-Toigo & Klepzig, 1995).

Protohaploxypinus limpidugBalme & Hennelly) Balme & Playford 1967
Plate 8, figure 6

1955 Lueckisporites limpiduBalme & Hennelly, p. 94; pl. 3, figs 29 — 32; pl. 4,
figs 34 — 35.

1967 Protohaploxypinus limpidu¢Balme & Hennelly) Balme & Playford, p.
185; pl. 1, fig. 15.

1977 Pityosporites microgHart) Anderson, p. 122; pl. 173, figs 1 — 47.

For additional synonymy see Foster (1979) and Millsteed (1999).

Description: Pollen disaccate, taeniate. = Amb haploxylonoid; oval elongate in
longitudinal axis of grain. Corpus poorly distinct but generally dsbk in
outline; broadly oval elongate in transverse axis of grain. Paxzap with 6 — 8
longitudinal taeniae, rarely branched and about 1 m 6wide; micro-
infrareticulate to occasionally micro-granulate. Sacci seéroidar in outline,
rarely joined; infrastructure finely reticulate with brochi In8wide, occasionally
radial. Some degraded grains appear punctate to vermiculate riremtieety.
Discernible narrow cappula, about ¥ to nearly Y2 corpus breadth, withhstra
margins; exine faintly structured.

Dimensions: Total length; 41(55)70m (11 specimens, STRAT 1), 45(59)76 (10
specimens, CKP6). Saccus breadth; 29(38)b{11 specimens, STRAT 1),
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29(39)45m (10 specimens, CKP6), Saccus length; 241 specimen, STRAT
1). Corpus breadth; 2/, 32 m (2 specimen, STRAT 1), 26 (1 specimen,
CKP6), Corpus length; 281, 32 m, 36 m, 45 m (4 specimens, STRAT 1),
34 m, 39 m (2 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of ths ge
having a haploxylonoid oval amb with a relatively pronounced elongatitime
longitudinal axis.

Occurrence: STRAT 1, CKP6, ME58, NATA, TLMB.

Previous records:Commonly found with Permian palynofloras of Gondwana continents
(e.g. Anderson, 1977; Foster 1975, 1979; MacRae, 1988; Millsteed, 1999 etc.).

Protohaploxypinus perexiguugBharadwaj and Salujha) Foster 1979
Plate 8, figure 7

For synonymy see Foster (1979)

Description: Pollen disaccate, taeniate. Amb haploxylonoid to slightly dipdmord,
subcircular to oval. Corpus distinct, darker, oval elongate in tramsesis of
grain; infrastructure punctate, finely reticulate and verrmateul Proximal surface
with about 8 — 10 longitudinal taeniae separated by narrow ratimércfaits or
striations. Sacci about semi-circular in shape, either toudritigked by lateral
bladder; infrastructure punctate or vermiculate. Cappula with mehe@nstricted
and the other fan-shaped, margins outlined by strong transverse exinal folds.

Dimensions: Total length; 69m, 73 m (2 specimens, STRAT 1). Saccus breadth;
60 m, 67 m (2 specimens, STRAT 1). Corpus breadth; 650 m (2
specimens, STRAT 1), Corpus length; 49 67 m (2 specimens, STRAT 1).

Remarks: MacRae (1988) highlights the similarities between the presgsties and
Protohaploxypinus goraiensi@otonié and Lele) Hart 1964 and acknowledges
the difficulties involving their classification. In this stud®y perexiguusis
separated based on a smaller size range as originallytedlicaBharadwaj and
Salujha (1965). In addition?. perexiguusseem to indicate a slightly more
distinct corpus in comparison R goraiensis

Occurrence: STRAT 1.
Previous records: Australia; Permian (Rigby and Hekel, 1977; Foster, 1979). India;

Permian (Bharadwaj, 1962; Bharadwaj and Salujha, 1965). South Africa;
Permian (Anderson, 1977). DR-Congo; Permian (Kar and Bose, 1976).
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Protohaploxypinus rugatusegroves 1969
Plate 8, figure 8

1969 Protohaploxypinus rugatuSegroves, pp. 200 — 201; pl. 7, figs. G — H; pl. 9,
figs. D —I.

1977 Pityosporites goraiensi@Potonié and Lele) Anderson, p. 119; pl.154, fig. 49;
pl. 156, figs. 30-31.

Description: Pollen disaccate, taeniate. Amb haploxylonoid to slightly dipdmord,
slightly oval elongate in transverse axis of grain. Corpesndt, broadly oval
elongate in transverse axis of grain, short sides may be glifattened;
infrastructure laevigate to rarely punctate. Proximal sarfaith approximately
10 longitudinal taeniae. Sacci largely distally confined, only maly exposed,
less than semi-circular in outline; infrastructure finelycrgate or vermiculate to
grana or just rarely punctate in some specimens. Cappula sabegwdar, extend
full length of corpus, sides well-defined by distinct transverddsf slightly
widens at lateral extremities.

Dimensions: Total length; 39m, 42 m (2 specimens, STRAT 1), 6@ (1 specimen,
CKP6). Saccus breadth; 4t (1 specimen, STRAT 1), 5&h (1 specimen,
CKP6). Corpus breadth; 36 (1 specimens, STRAT 1), Corpus length; #0(1
specimen, STRAT 1).

Remarks: The present specimens are distinguished in having a roundly oval elongate
haploxylonoid amb in which the sacci is largely confined to the dsstehce,
beneath the corpus, with only a marginal rim exposed. The |&iduré is
comparable to a limboid sacci margin described in Foster (1979)héor t
specimens (pl. 33, figs. 5 — 6) assigned to the present species.

Occurrence: STRAT 1, CKP6, MESS.

Previous records: Australia; Permian (Foster, 1979; Rigby & Hekel, 1977). South
Africa; Permian (Anderson, 1977).

Protohaploxypinus sp.
Plate 8, figure 9

Description: Pollen disaccate, taeniate. Amb haploxylonoid, subcircular tadlyro
oval. Corpus poorly distinct, outline broadly oval with elongation in trassve
axis of the grain; some specimens bearing trilete marksxirRal cap with about
6 — 9 relatively regular longitudinal taeniae separated by fieey striations;
taeniae with well-defined curvi-linear terminations. Saceiscentic to almost
semi-circular in shape; infrastructure reticulate, brochi fmenbderate 1 — 3.
Cappula sub-rectangular; narrow distal sulcus partially coredriat center, fan-
shaped at one or both ends.
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Dimensions: Total length; 54m, 57 m (2 specimens, STRAT 1), 3n, 49 m, 95 m,
96 m (4 specimens, CKP6). Saccus breadthnd®%3 m (2 specimens, STRAT
1), 38 m, 45 m, 75 m, 76 m (4 specimens, CKP6), Saccus length;m824 m
(STRAT 1). Corpus breadth; 46, 42 m (2 specimens, STRAT 1), Corpus
length; 50 m, 53 m (2 specimens, STRAT 1).

Remarks: The present specimens differ from similar forms of the genusaving a
trilete mark.

Occurrence: STRAT 1, CKP®6.

Genus STRIATOABIEITES Zoricheva & SedogaSedoveemendHart 1964

Type speciesStriatoabieites brickiSedova 1956 (by subsequent designation of Sedova,
1956).

Striatoabieites multistriatugBalme & Hennelly) Hart 1964
Plate 8, figure 10

1955 Luckisporites multistriatuBalme & Hennelly, p. 93; pl. 2, figs. 16 — 20.
For additional synonymy see Foster (1979) and Millsteed (1999).

Description: Pollen disaccate, multistriate or taeniate. Amb haploxylonoisetakly
diploxylonoid.  Corpus distinct, circular to broadly oval, commonly with
elongation in the longitudinal axis of the grain. The proximal taresists of 14
— 16 longitudinal taeniae extending full extent of corpus and divided by
significantly narrow striations. Sacci crescentic to sdnsitar in outline,
distinctively distally inclined, base length less than transvesse of corpus;
infrasculpture very finely reticulate, vermiculate and puncta@appula poorly
distinct; discernible in rare specimens as wide, a littler digeof corpus, and
rectangular in outline.

Dimensions: Total length; 41m, 53 m, 55 m, 64 m (4 specimens, STRAT 1). Saccus
breadth; 27m, 27 m (2 specimens, STRAT 1). Corpus breadth;8637 m (2
specimens, STRAT 1), Corpus length; #2 45 m (2 specimens, STRAT 1).

Remarks: The present specimens are distinguished on the basis of a matgiistr
proximal surface and sacci that is much smaller and distallyed in relation to
the corpus.

Occurrence: STRAT 1, CKP6.
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Previous records: Australia; Late Carboniferous to Late Permian (Balme &rdédly,
1955; Foster, 1975, 1979; Rigby & Hekel, 1977). South Africa; Late
Carboniferous to Late Permian (Anderson, 1977; MacRae, 1988; Milstee
1999).

Genus STRIATOPODOCARPITES Zoricheva & Sedex&dedoveemendHart 1964

Type speciesStriatopodocarpites tojmensdedova 1956 (by subsequent designation of
Sedova, 1956).

Striatopodocarpites cancellatu8alme & Hennelly) Hart 1963
Plate 8, figure 11

1955 Lueckisporites cancellatBalme & Hennelly, pp. 92 — 93; pl. 2, figs. 11 — 15.
1963 Striatopodocarpites cancellatBalme & Hennelly) Hart, p. 10.
1965 Striatopodocarpites cancellatBalme & Hennelly) Clarke, p. 339; pl. 43, fig. 2.

For additional synonymy see Balme (1970) and Foster (1979).

Description: Pollen disaccate, taeniate. = Amb diploxylonoid.  Corpus distinct,
subcircular to rarely elongate in transverse or longitudina. a@roximal cap
with 7 — 10 longitudinal taeniae, regular to occasionally wedge shéiped;
structured with micro-reticulate and punctate, or granulate. i $aeater than
semi-circle in outline, distally inclined; infrastructuredito moderately reticulate
with brochi about 1 - 3m wide. Cappula poorly defined but appear parallel-
sided, breadtfYsto/; of corpus.

Dimensions: Total length; 35(44)65n (8 specimens, STRAT 1), 4, 56 m, 66 m,
80 m (4 specimens, CKP6). Saccus breadth; 20(28M@® specimens, STRAT
1), 32m, 32m, 34 m, 39 m (4 specimens, CKP6), Saccus length; A9(1
specimen, STRAT 1). Corpus breadth; 17(21)895 specimens, STRAT 1),
22 m, 28 m (2 specimens, CKP6), Corpus length; 17(26)899 specimens,
STRAT 1), 26 m, 26 m, 34 m, 45 m (4 specimens, CKP6).

Remarks: Striatopodocarpites gondwanensiakhanpal, Sah & Dube 1960 appear very
similar to the present species but has a much larger size.

Occurrence: STRAT 1, CKP6.
Previous records:Widely reported from the Permian of Gondwana (Balme & Hennelly,

1955; Balme, 1970; Anderson, 1977; Foster, 1979; MacRae, 1988; Millsteed,
1999).
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Striatopodocarpites fusu@Balme & Hennelly) Potonié 1958
Plate 8, figure 12

1955 Lueckisporites fusuBalme & Hennelly, p. 92; pl. 1, figs 6 — 10.
1958 Striatopodocarpites fusy8alme & Hennelly) Potonié, p. 54.

For additional and extensive synonymy see Foster (1975, 1979) and Millsteed (1999).

Description: Pollen disaccate, taeniate. Amb strongly diploxylonoid. Corpusdisti
dark, circular to subcircular and oval elongate in transversge aiigrain;
exoexine 1 - 2m thick. Proximal cap with approximately 5 — 11 longitudinal
taeniae, 2 — 3n wide; finely infrapunctate or unstructured. Sacci extremely
large, greater than semi-circular in outline, distal attachmemiex to straight
and often touching at middle or leaving a narrow gap; finely retiewith brochi
2 m wide, radially arranged near base. Cappula constricted tikeliio very
narrow, of the order df, of corpus.

Dimensions: Total length; 44(49)5M (6 specimens, STRAT 1), 45(62)90 (9
specimens, CKP6). Saccus breadth; 30(34)%(06 specimens, STRAT 1),
31(40)56 m (9 specimens, CKP6), Saccus length; 8022 m (2 specimens,
STRAT 1). Corpus breadth; 18, 20 m, 21 m, 26 m (4 specimens, STRAT 1),
24 m, 24 m, 28 m (3 specimens, CKP6), Corpus length; 20(26)82(6
specimens, STRAT 1), 1&, 28 m, 29 m (3 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of s ge
having a very strongly diploxylonoid amb with sacci much greaten Heami-
circular and distally inclined with attachment in the polar region.

Occurrence: STRAT 1, CKP6.

Previous records: Wide occurrence in the Permian of Gondwana (e.g. Balme &
Hennelly, 1955; Bharadwaj, 1962; Bharadwaj and Salujah, 1964; Anderson,

1977; Foster, 1975; 1979; MacRae, 1988; Marques-Toigo & Klepzig, 1995;
Millsteed, 1999).

Striatopodocarpites pantiiJansonius) Balme 1970

Plate 8, figure 13
1970 Striatopodocarpites pant{Jansonius) Balme, p. 368 — 369; pl. 12, figs 7 — 9.
For additional synonymy see Balme (1970)

Description: Pollen disaccate, taeniate. Amb weak to moderately diploxylonoid.
Corpus distinct, sub-circular to oval with elongation in the transvaxse of
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grain; crescentic transverse folds associated with saceisba$roximal cap
typically divided by longitudinal and oblique striations into approxinyaéet- 9

taeniae, striations occasionally broader than usual; infrasteugturctate, micro-
vermiculate and reticulate. Sacci slightly greater thani-segoular in outline;

infrastructure finely reticulate, brochi 142 wide.

Dimensions: Total length; 50(70)109n (6 specimens, STRAT 1). Saccus breadth;
30(47)70 m (6 specimens, STRAT 1), Saccus length;d{1 specimen, STRAT
1). Corpus breadth; 24(33)5 (5 specimens, STRAT 1), Corpus length;
30(39)65 m (5 specimens, STRAT 1).

Remarks: The present specimens are distinguished from other forms of tus ge
having oblique striations sub-parallel to the longitudinal axis of the grain.

Occurrence: STRAT 1.

Previous records: Pakistan; Permian (Balme, 1970). South Africa; Permian (lecR
1988; Aitken, 1994).

Striatopodocarpites rarugBharadwaj & Salujha) Balme 1970
Plate 8, figure 14

1964 Lahirites rarusBharadwaj & Salujha, pp. 206 — 207; pl. 9, figs 128 — 130; text-
fig. 6.

1970 Striatopodocarpites raru¢Bharadwaj & Salujha) Balme, pp. 367 — 368; pl. 12,
figs 10 - 12.

For additional synonymy see Foster (1979)

Description: Pollen disaccate, taeniate. Amb moderate to strongly diploxylonoid.
Corpus disntinct, sub-circular to oval with elongation in the trans\axise with
extreme ends tending to flattening; displays crescentic treses\exinal folds.
Proximally with 5 - 8 or more longitudinal taeniae, parallel talgesshaped and
generally poorly defined; punctate or micro-vermiculate. Séarger than
semicircle in outline, discreet, distal attachment commonly concave
infrastructure reticulate, brochi 1-&1 wide, weakly radially arranged. Cappula
sub-rectangular, aboli breadth of corpus.

Dimensions: Total length; 63(83)112n (5 specimens, STRAT 1), 10@ (1 specimen,
CKP6). Saccus breadth; 44(57)67 (6 specimens, STRAT 1), 5& (1
specimen, CKP6), Saccus length; B1, 36 m, 37 m (3 specimens, STRAT 1).
Corpus breadth; 27(38)56 (5 specimens, STRAT 1), 4@ (1 specimen,
CKP6), Corpus length; 35(48)56 (5 specimens, STRAT 1), 58 (1 specimen,
CKP®6).
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Remarks: The present specimens are distinguished from other forms of tus ge
having pronounced corpus elongation in the transverse axis as \methaderate
to strong diploxylonoid amb.

Occurrence: STRAT 1, CKP6, CKP9, ML1.

Previous records Australia; Permian (Foster, 1979). India; Permian (Bharaduwvdj
Salujah, 1964). Pakistan; Early Permian (Balme, 1970). South Afrate;
Carboniferous to Late Permian (MacRae, 1988). South America;idPerm
(Marques-Toigo & Klepzig, 1995).

TurmaPLICATES NaumovamendPotonié 1960
SubturmaCOSTATES Potonié 1970
InfraturmaCOSTATI Jansonius 1962

Genus EPHEDRIPITES Bolkhovitina ex Potonié 1958

Type speciesEphedripites mediolobatuBolkhovitina 1953 (by subsequent designation
of Potonié 1958).

Remarks: A brief history surrounding this genus is given in Balme (1970),
highlighting its valid publication by Potonié (1958) after selectidna type
species and provision of a generic diagnosis. Due to inadequate specime
observed in this study, in addition to their poor preservation, it has eot be
possible to definitively differentiate some specimens of this géous those of
the genus GnetaceaepollenitesThiergart 1938 withwhich it has a close
morphological form. However, following the views of Balme and Rlad/f
(1967) specimens described under the present genus are those thde indica
subdivision of the exine into narrow and regularly spaced taeniaeibke r
separated by well-defined clefts. In addition, Foster’'s (1971&tiktrive diagram
(p. 80, fig. 21) provides a useful comparison.

Ephedripites sp.
Plate 9, figure 1

Descripition: Pollen polyplicate. Amb oval elongate. Exoexine divided into 5 — 8
taeniae-like ribs, 1 - 3n wide, variably infrasculptured i.e. minutely granulate,
punctate, reticulate, vermiculate, or structureless; sculpturemseo represent
various levels of preservation. Some specimens occassionalyydisglahtly
more distinct, relatively wider, central cleft; probably incipient colpus.

Dimensions: Length; 31(43)49m (7 specimens, STRAT 1), 4& (1 specimen,
CKP6). Breadth; 16(24)31 (7 specimens, STRAT 1)pi {1 specimen, CKP6).
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Remarks: The present specimens are distinguished from similar forms wvingha
relatively regularly spaced taeniae-like ribs clearly saed by distinct narrow
clefts. The figured specimens (pl. 5, figs. 88-91) placed bydsa] (1962)
under the genu¥VelwitschiapitesBolkhovitina 1953 have striking similarities
with the present specimens and are considered equivaléphedripites sp.
(p.112; pl. 28, fig. 15 and pl.34, figs.5-6) described by Bose and Kar (1966) is
also considered equivalent to the present specimens.

Occurrence: STRAT 1, CKP6.

Previous records: Congo-DR; Permian (Bose and Kar, 1966). India; Permian
(Bharadwaj, 1962).

Ephedripites sp. A
Plate 9, figure 2

Description: Pollen plicate. Amb oval elongate; generally pointed at extrends.
Exoexine divided into 6 — 8 weakly defined taeniae-like ribs, sepabgtéaint or
poorly distinct but discernible clefts. Infrasculpture granulateponctate.
Discernible narrow or constricted colpus, extend total length.

Dimensions: Length; 58(60)65m (9 specimens, STRAT 1), 42(54)62 (12
specimens, CKP6). Breadth; 21(27)40(9 specimens, STRAT 1), 18(25)3a
(12 specimens, CKP6).

Remarks: The present specimens differ fraaphedripites spin its weak display of
taeniae-like ribs as well as a larger size range. Sewdrdahe specimens
considered here have forms that appear very similar to spesiof the genus
CycadopiteswWodehouse 1933 except that they do indicate weak but discernible
plicae.

Occurrence: STRAT 1, CKP6, CKP9, KGO3.

Genus VITTATINA LuberexSamoilovichemendWilson 1962

Type speciesVittatina subsaccataSamoilovichex Wilson 1962 (by designation of
Wilson, 1962).

Remarks: The character of this genus has been discussed in the pamidas\vauthors
amongst them Jansonius (p. 73-74, 1962), Wilson (p.24-25, 1962) and Clarke (p.340-
341). In this study specimens that indicate what seem like undeleged sacci or
rudimentary sacci (e.g. Jansonius, 1962; Clarke, 1965) have been includegrestra
genus.
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Vittatina densaAnderson 1977
Plate 9, figure 3

1977 Vittatina densanderson, p. 107; pl. 132, figs 1 — 39.

Description: Pollen striate. Amb sub-circular to broadly oval. Proximalaserfwith
about 12 — 15 longitudinal taeniae, some wedge-shaped and discontinous or
terminating in middle of grain; weakly micro-granulate to naiafrapunctate or
unstructured. Distal face indicate rare faint striations @mige perpendicular to
those on proximal face.

Dimensions: Length; 44m, 45 m (2 specimens, STRAT 1). Breadth; 88 (1
specimen, STRAT 1).

Remarks: There appears to be a close similarity between the pregecimens and the
specimens (pl. 3, fig. 11) assigned by Wilson (1962 ittatina lata however
the latter species have a larger size range and fewer proximalttinglttaeniae.

Occurrence: STRAT 1.

Previous records:South Africa; Late Permian (Anderson, 1977).

Vittatina foveolataTschudy and Kosanke 1966
Plate 9, figure 4

1966 Vittatina foveolatal'schudy and Kosanke, p. 62; pl. 1, figs. 11-13.

Description: Pollen taeniate. Amb sub-circular or broadly oval. Proxiraeé fwith
about 12 — 19 longitudinal taeniae, 1 n8wide; taeniae strongly tapers at both
ends and converge at extreme ends of grain. Faint but discerniidgetise
distal keel at center of grain, also faint striations.

Dimensions: Length; 38m, 41 m (2 specimens, STRAT 1), 58 (1 specimen,
CKP6). Breadth; 28n, 36 m (2 specimens, STRAT 1), 3n (1 specimen,
CKP®6).

Remarks: The present specimens are distinguished from other forms of ths ge
having a central distal keel as well as taeniae that taetsconverge at the
extreme ends of the grains.

Occurrence: STRAT 1, CKP6.

Previous records:North America; Early Permian (Tschudy and Kosanke, 1966).
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Vittatina scutata(Balme & Hennelly) Bharadwaj 1962
Plate 9, figure 5

1956 Marsupipollenites scutatudalme & Hennelly, p. 62; pl. 2, figs. 38 — 41.
1962 Vittatina scutata(Balme & Hennelly) Bharadwaj, p. 100.

Description: Pollen striate. Amb oval but extreme ends commonly folded apgeita
inwards, giving rise to a colpus-like feature in the middle of ¢main.
Aproximately 10 — 20 taeniae perpendicular to long axis of graimamamly
segemented to give verrucate ornamentation.

Dimensions: Length; 36(44)55m (7 specimens, STRAT 1), 3@, 38 m, 39 m (3
specimens, CKP6). Breadth; 21(26)85(7 specimens, STRAT 1), 2&, 29 m,
31 m (3 specimens, CKP6).

Remarks: Almost all specimens described under the present specieslded bver at
the lateral margins, a feature seemingly characterigtiwgver creating problems
of incomplete dimensions.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Australia; Permian (Balme & Hennelly, 1956; Backhouse, 1991).
India; Permian (Bharadwaj, 1962).

Vittatina minima Jansonius 1962
Plate 9, figure 6

1962 Vittatina minimaJansonius, p. 74; pl. 15, figs. 11-14.

Description: Pollen taeniate. Amb roundly oval with slight elongation in lamrtal
axis of grain. Corpus distinct in rare specimens, commonly indiste, sub-
circular to slightly oval elongate in longitudinal axis of gralProximal face with
6 — 10 longitudinal taeniae extending full extent of corpus; infrastructurigjéde
to scabrate or punctate. Distal face micro-granulatecci3emrdly discernible,
only outline of dark image with straight possible sacci basebéa distal face.
Discernible outline of cappula, abolfs of corpus. Grains surrounded by a
distinctive thickened equatorial rim, smooth to etched and punctate.

Dimensions: Length; 26(32)38m (8 specimens, STRAT 1), 3& (1 specimen,
CKP6). Saccus breadth; 20(27)82 (8 specimens, STRAT 1), 3h (1
specimen, CKP6), Saccus lengthn® (1 specimen, STRAT 1). Corpus breadth;
18 m (1 specimen, STRAT 1), Corpus length; 20(1 specimen, STRAT 1).

Remarks: The present specimens differ frovittatina sacciferin having a smaller size
range and a slightly broader equatorial rim.
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Occurrence: STRAT 1, CKP®6.

Previous records:Canada; Permian to Early Triassic (Jansonius, 1962).

Vittatina sacciferJansonius 1962
Plate 9, figure 7

1962 Vittatina sacciferJansonius, p. 74; pl. 15, figs. 15-17, 22-24.

Description: Pollen taeniate. Amb haploxylonoid, oval elongate in the longitudinal
axis; rarely elongate in the transverse axis. Corpus distinatlistinct, broadely
oval with elongation in the longitudinal axis of the grain; rare ispeas with
poorly defined central tetrad mark, trilete or monolete. Proxiate with about
6 to 16 longitudinal taeniae, about 2 1@ wide; laevigate to rarely punctate. The
sacci are very small and hardly distinctive, crescentic in outlinegappée at an
incipient stage of development; infrapunctate, reticulate ormicelate.
Discernible outline of cappula, rectangular, abdlgtto % of corpus. A
characteristic thickened equatorial rim surrounds grain in plan bietwnay also
appear much narrower or discontinuous along the straight or longer margins of the
grains; infrastructure smooth or laevigate in the better presgnaens to etched,
scabrate, or punctate in the relatively degraded specimens.

Dimensions: Length; 34(48)64 (12 specimens, STRAT 1), 40(44)50 (5 specimens,
CKP6). Saccus breadth; 29(39)45 (11 specimens, STRAT 1), 32(37)45 (5
specimens, CKP6), Saccus lengthm 13 m (2 specimens, STRAT 1). Corpus
breadth; 39m (1 specimens, STRAT 1), Corpus length; 83 54 m (2
specimens, STRAT 1).

Remarks: The present specimens are distinguished by a roundly oval amihawvitly
distinctive sacci and a pronounced equatorial rim.

Occurrence: STRAT 1, CKP6.
Previous records:Canada; Permian (Jansonius, 1962)
Vittatina subsaccataSamoilovich 1953
Plate 9, figure 8
1953 Vittatina subsaccat®&amoilovich, p. 44; pl. 9, figs. 4a, b.
1977 Vittatina fasciolata(Balme and Hennelly) Anderson, p. 108; pl. 133, fig.
42.

Description: Pollen striate. Amb roundly oval. Proximal face with 11 - 14
longitudinal taeniae, 2 - 3n wide; taeniae regular and appear to extend entire

Chapter 4: Palaeopalynology Systematics 138




proximal face, surrounded by distinct equatorial rim  Possibitity distal
transverse striations or taeniae at center of grain, however ofbsasrgrain
fractured in same zone.

Dimensions: Length; 53m (1 specimen, STRAT 1), 5in, 57 m (2 specimens,
CKP6). Breadth; 37m (1 specimen, STRAT 1), 36, 39 m (2 specimens,
CKP6).

Remarks: The present specimen is distinguished from other forms in haviagnally
oval amb with regular about 11 — 14 proximal longitudinal taeniae extending
entire grain.

Occurrence: STRAT 1, CKP6.

Previous records Russia; Early Permian (Samoilovich, 1953). South Africa; Early
Permian (Anderson, 1977).

Vittatina sp.
Plate 9, figures 9-10

Description: Pollen striate. Amb oval elongate to sub-circular or broauigl.
Proximal surface with about 11 — 19 taeniae perpendicular or obliqgoeg@kis
of grain, 1 - 3m wide; infrastructure finely granulate and punctate. Distaitl
3 narrow grooves or sulcus, sharply tapered at either ends, andl|garébieg
axis of grain; one situated in the middle or pole, and two equatarigub-
equatorial. Some specimens with a narrow distinct equatonal finely
infrapunctate.

Dimensions: Length; 40m, 46 m, 59 m, 63 m (4 specimens, STRAT 1), 3,
47 m, 48 m, 50 m (4 specimens, CKP6). Breadth; & 39 m, 50 m (3
specimens, STRAT 1), 3in, 45 m, 48 m (3 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of s ge
having 1 - 3 narrow and sharply distinct distal sulcus situated opdieeand
equatorial regions.Vittatina costabilis(Wilson) Tschudy and Kosanke 1966 is
distinguished in having taeniae or costae parallel the long axiedfrain. The
specimen (pl. 1, fig. 10) referred to W#tatina sp. Bby Tschudy and Kosanke
(1966) is considered an equivalent of the present specimens. Marquesaidig
Klepzig (1995) also described an equivalent specimen (p.137), which they
assigned toVittatina costabilis(Wilson) emend.Tschudy and Kosanke 1966.
Similarly Souza and Marques-Toigo (2005) had an equivalent specimer2{fig
assigned t&ittatina costabilis

Occurrence: STRAT 1, CKP6.
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Previous records: South America; Permian (Marques-Toigo & Klepzig, 1995). North
America; Early Permian (Tschudy and Kosanke, 1966).

Vittatina sp. A
Plate 9, figure 11

Description: Pollen striate. Amb oval elongate. Proximal face with apprately 6 -
10 longitudinal taeniae, about B wide; irregular or wedge-shaped and
discontinuous across face. Possible monolete mark; wide, irregular, roof-shaped.

Dimensions: Length; 35m (1 specimen, STRAT 1), 460 (1 specimen, CKP®6).
Breadth; 24m (1 specimen, STRAT 1), 3fh (1 specimen, CKP6).

Remarks: The present specimens differ from other forms of the genus\imga
pronounced oval elongate amb with relatively wider and irregulaid@eabout
3 wide. The specimens (pl. 127, fig. 8) assigned by Anderson (1977) to
Vittatina nonsaccataappear very similar to the present specimenAttatina
vittifer (Luber) formaminor and Vittatina vittifer (Luber) forma cinctutus
(Samoilovich, 1953; p.45 — 46) bare some resemblance to the present specime
and may be equivalent.

Occurrence: STRAT 1, CKP®6.

Genus WEYLANDITES Bharadwaj & Srivastava 1969
For synonymy see Foster (1979)

Type speciesWeylandites lucifer(Bharadwaj & Salujha) Foster 1975 (originally
designated a#/eylandites indicuBharadwaj & Srivastava, 1969).

Remarks: The history of this genus is well-explained in Foster (1979) andREk&ac
(1988) following the comprehensive account of Balme (1970) on the genus
Paravittatina Balme 1970, ultimately considered a junior synonym of
WeylanditesBharadwaj & Srivastava 1969. Specimens considered under the
present genus are those that exhibit continuous proximal to distaheéaor
striations at perpendicular orientations on the respective faces.

Weylandites lucifeBharadwaj & Salujha) Foster 1975
Plate 9, figure 12

1964 Decussatisporites lucifeBharadwaj & Salujha, p. 213; pl. 12, figs 169, 171.

1966 Vittatina africanaHart, pp. 38 — 41; text-figs. 2 — 10.
1969 Weylandites indicuBharadwaj & Srivastava, p. 136; pl. 28, figs. 91 — 93.
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1970 Paravittatina lucifer(Bharadwaj & Salujha) Balme, pp. 411 — 412; fig. 14; pl. 21,
figs. 19 — 22.
1975 Weylandites lucife(Bharadwaj & Salujha) Foster, p. 153; pl. 7, fig. 2.

For additional synonymy see Foster (1979).

Description: Pollen taeniate. Amb circular to sub-circular; occasiornabadly oval.
Taeniae and striations continuous from the proximal to the distalceymattains
perpendicular orientation to each other at the junction betweenl disth
proximal surfaces, and producecs cross-cutting pattern with redangocks.
Proximal taeniae or striations aligned parallel to the sulcliaeniae locally
weakly infrapunctate or unstructured. Sulcus distinct in some spesjmaxtend
across entire grain, constricted at center; may display shdigtipct marginal
folds.

Dimensions: Length; 27(34)40m (10 specimens, STRAT 1), 5@, 56 m (2
specimens, CKP6). Breadth; 24(29)86 (9 specimens, STRAT 1), 3%,
40 m (2 specimens, CKP6).

Remarks: The present specimens are distinguished from other simitasfof the genus
in displaying sharp and closely spaced striations indicatingoas-tratching
pattern.

Occurrence: STRAT 1, CKP6, KGO3.

Previous records: Africa; Permian (Hart, 1966; Anderson, 1977; MacRae, 1988;
Millsteed, 1999). Australia; Permian (Foster, 1975, 1979; Backhouse, 1991).
India; Permian (Bharadwaj and Salujah, 1964).

Weylandites magmu@ose and Kar) Backhouse 1991
Plate 9, figure 13

1966 Decussatisporites magmisse and Kar, p. 120; pl. 28, figs. 7-9.

1977 Vittatina magma (Bose and Kar) Anderson, p.106; pl. 130, figs. 55-62;
pl.131, figs. 1-43.

1991 Weylandites magmyBose and Kar) Backhouse, p. 295; pl. 20, figs. 4-7.

1994 Weylandites cincinnatu@_uber ex. Varyukhina) Utting, p. 60-61; pl. 8,
figs.15-16.

Description: Pollen taeniate. Amb sub-circular to oval with slight eloieggparallel to
a distal sulcus. Exine 0.5 — 118 thick. Proximal surface with 10 — 16 taeniae,
perpendicular to sulcus, 1 - #h wide; taeniae continuous on the distal surface,
wedge-shaped or discontinuous and much wider, with reduced numbers. Sulcus
distinct, extend entire grain long axis, slightly constrictedeatter, rarely funnel-
shaped.
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Dimensions: Length; 39(46)53m (15 specimens, STRAT 1), 36(52)éd (5
specimens, CKP6). Breadth; 28(39)82 (15 specimens, STRAT 1),
34(37)45 m (5 specimens, CKP6).

Remarks: The present specimens differ froideylandites lucifein having fewer and
broader taeniae on the distal surface.

Occurrence: STRAT 1, CKP6, CKP9, KGO3, ML1, TLMB.

Previous records: South Africa; Permian (Anderson, 1977). Australia; Permian
(Backhouse, 1991). Canada; Late Permian (Utting, 1994). Cong®&Riian
(Bose and Kar, 1966).

SubturmaSTRIATICOLPATES Bose & Kar 1966
Genus PAKHAPITES Hart 1965

1965 PakhapitedHart, p. 104.
1966 FusacolpiteBose & Kar, pp. 117 — 118; text-fig. 14B.
1968 Striasulcitesvenkatachala & Kar, p. 164.

Type speciesPakhapites fasciolatugBalme and Hennelly) Hart 1965 (by original
designation).

Remarks: A brief history of the present genus and its relationshipugacolpitesBose
& Kar 1966 andStriasulcitesVenkatachala & Kar 1968 is outlined in Palyford
and Dino (2000, 2002), and their view is followed in this study.

Pakhapites fusugBose and Kar) Menéndez 1971
Plate 9, figure 14

1966 Fusacolpites fusuBose and Kar, p. 118-119; pl. 28, figs. 10-12.
1971 Pakhapites fusu@Bose and Kar) Menéndez, p. 297; pl. 6, fig. 7.

Description: Pollen monocolpate, taeniate. Amb longitudinally oval. Exine 1 1.5
thick, infrapunctate or laevigate; divided into 10 — 14 transverse tadnigg&m
wide. Colpus extending full length of grain, centrally constd¢ctmargins
occasionally overlapping, fan-shaped at both extremities.

Dimensions: Length; 32(38)47m (12 specimens, STRAT 1), 2&, 42 m, 45 m (2

specimens, CKP6). Breadth; 19(27)84% (12 specimens, STRAT 1), 1,
31 m, 32 m (3 specimens, CKP6).
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Remarks: The present specimens are distinguished from other forms gfethes in
having a slightly narrower breadth and a characteristically wotest colpus in
the polar region where the margins commonly touch or slightly overlap.

Occurrence: STRAT 1, CKP®6.

Previous records: South America; Permian (Menéndez, 1971; Marque-Toigo and
Klepzig, 1995; Playford and Dino, 2000, 2002). Congo-DR; Permian (Bose and
Kar, 1966).

Pakhapites ovatugBose and Kar) Menéndez 1971
Plate 9, figure 15

1966 Fusacolpites ovatuBose and Kar, p. 119-120; pl.28, figs. 13-14.

Description: Pollen monocolpate, taeniate. Amb broadly oval to nearly sub-aircula
Exine 1 — 1.5m thick, infrapunctate; divided into 10 — 18 transverse taeniae, 1 -
3 m wide. Colpus extending full length of grain, margins smooth, widenf22
to characteristically narrowed (81) in the middle.

Dimensions: Length; 38(42)47m (7 specimens, STRAT 1), 3&, 39 m (2 specimens,
CKP6). Breadth; 30(35)44n (7 specimens, STRAT 1), 2@, 37 m (2
specimens, CKP6).

Remarks: The present specimens are distinguished fRakhapites fusus having a
slightly broad breadth, leading to a broadly oval and occasionalkcisubar
amb.

Occurrence: STRAT 1, CKP6.

Previous records: South America; Permian (Marques-Toigo and Klepzig, 1995;
Playford and Dino, 2000). Congo-DR; Permian (Bose and Kar, 1966).

SubturmaPRAECOLPATES Potonié & Kremp 1954

Genus GNETACEAEPOLLENITES Thiergart 1938

Type speciesGnetaceaepollenites ellipticughiergart 1938 (by subsequent designation
in Potonié, 1958).

Remarks: The views of MacRae (1988) are followed in this study, in whingh t
genus Praecolpatites Bharadwaj & Srivastava 1969 is considered a junior
synonym of the present genus, due to inadequate differentiati@mgimrs
between the two.
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Gnetaceaepollenites sp.
Plate 9, figure 16

Description: Pollen polyplicate. Amb longitudinally oval, occasionally areuatith
nearly pointed to sharply rounded extreme ends. Exine 1m #ick.
Infrasculpture laevigate to finely grana; rare specimen atelicverrucate
elements. Exoexine with poorly defined or irregular clefts and folds.

Dimensions: Length; 67(79)91m (5 specimens, STRAT 1), 9%, 108 m (2
specimens, CKP6). Breadth; 34(41)5% (5 specimens, STRAT 1), 3@, 46 m
(2 specimens, CKP6).

Remarks: The specimens referred to@é Gnetaceaepollenitdsy Bharadwaj (1962; pl.
5, figs. 84-87 and 1964; pl. 12, fig. 168) are considered equivalent to tlemtpres
specimens.

Occurrence: STRAT 1, CKP6.

Previous records:India; Late Permian (Bharadwaj, 1962, 1964).

Genus PRETRICOLPIPOLLENITES Danzé-Corzin & Laveine 1963

Type speciesPretricolpipollenites ovalisDanzé-Corzin & Laveine 1963 (by original
designation).

Pretricolpipollenites sp.
Plate 10, figure 1

Description: Amb longitudinally oval. Distinct central sulcus, largely caosd,
widens or fan-shaped at one end of grain; two short or discontinuous narrow clefts
on either side of the central sulcus. Exinanlthick; laevigate to weakly
infrapunctate.

Dimensions:Length; 39(50)56m, breadth; 22(27)30n (6 specimens, STRAT 1).

Remarks: The present specimens are distinguished in having two narrelikeslgulci
on either side of the well-defined central sulcus. The specifigred (pl. 21,
figs. 1-7) in Balme (1970) and assigned Roetricolpipollenites bharadwaiji
appear identical to the present specimens; the former howeveaten@cnuch
smaller size range.

Occurrence: STRAT 1.
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Genus MARSUPIPOLLENITES Balme & Hennelly 198@endBalme 1970

Type speciesMarsupipollenites triradiatusBalme & Hennelly 1956 (by original
designation).

Marsupipollenites striatugBalme & Hennelly) Foster 1975
Plate 10, figure 2

1956 Marsupipollenites triradiatusormastriatusBalme & Hennelly, p. 61; pl. 2, figs.
36 — 37.

1975 Marsupipollenites striatugBalme & Hennelly) Foster, p. 154; pl. 8, figs. 4 — 5.

1977 Vittatina triradiata (Balme & Hennelly) Anderson, p. 109; pl. 134, figs. 13, 16,
18, 23, 33; pl. 135, figs. 13, 16.

Description: Pollen infrastriate, monosculcate, with small proximadte mark. Amb
circular to sub-circular or slightly longitudinally oval. Laeseirpoor to well
distinct, extend aboufs to ¥z radius of grain. Outline of sulcus weakly defined,
extend full diameter but seem not to transcend outer margin oequattline.
Exine about 1m thick. Infrasculpture in taeniae-like rows, 1 -n2 wide,
separated by striations that converge at three points around gramndor
triangular shape; sets of striations appear confined to diffeaees i.e. distal and
proximal.

Dimensions: Length; 34(41)53 (14 specimens, STRAT 1). Breadth; 28(36)40 (9
specimens, STRAT 1).

Remarks: The present specimens are distinguished from other forms of thus ge
having taeniae-like arrangement of the infrasculpture, particutady which
displays a triangular pattern, as well as in having a commonly subcircldar am

Occurrence: STRAT 1, CKP9.
Previous records: Australia; Permian (Balme & Hennelly, 1956; Foster, 1979). South

Africa; Permian (Anderson, 1977; MacRae, 1988).

Marsupipollenites triradiatusBalme & Hennelly 1956
Plate 10, figure 3

1956 Marsupipollenites triradiatu8alme & Hennelly, pp. 60 — 61; pl. 2, figs. 29 — 35.
1977 Vittatina triradiata (Balme & Hennelly) Anderson, p. 109; pl. 134, figs. 1 — 12,
14 - 15, 17,19 — 22, 25 - 31; pl. 135, figs. 1 — 12, 14 — 15, 17 — 22, 27, 31.

Description: Pollen monosulcate; with small proximal trilete mark. Amb @lahgate

to slightly sub-circular. Sulcus extend full length of grainfrdsculpture grana
to verrucae.
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Dimensions:Length; 36(41)56, breadth; 16(24)38 (7 specimens, STRAT 1).

Remarks: The present specimens differ fromMarsupipollenites striatusn lacking
taeniae-like arrangement of the infrasculputure as well asspiaging a much
more elongate amb.

Occurrence: STRAT 1.

Previous records: Australia; Permian (Balme & Hennelly, 1956; Foster, 1979). South
Africa; Permian (Anderson, 1977; MacRae, 1988). Pakistan; Permamé¢B
1970).

SubturmaviONOCOLPATES Iverson & Troels-Smith 1950
Genus CYCADOPITES Wodehouse 1933

Type speciesCycadopites follicularis Wilson & Webster 1946 (by subsequent
designation of Wilson & Webster 1946).

Cycadopites cymbatu®alme & Hennelly) Hart 1965
Plate 10, figure 4

1956 Entylissa cymbatuBalme & Hennelly, p. 63; pl. 3, figs. 53 — 56.
1965 Cycadopites cymbatyBalme & Hennelly) Hart, p. 110; text-fig 265.

Description: Pollen monosulcate. Amb longitudinally oval, occasionally broad,;
rounded to occasionally flat at extremities. Sulcus extendduntith of grain,
constricted in the middle; margins sometimes overlap. Exine 0.5n-tRick;
infrapunctate and granulate.

Dimensions: Length; 39(52)65m (19 specimens, STRAT 1), 45(55)68 (6
specimens, CKP6). Breadth; 20(28)8%4 (19 specimens, STRAT 1),
19(29)37 m (6 specimens, CKP6).

Remarks: The present specimens do not have any significant distinctivactées from
other forms of the genus; they are here mainly differentiatedving a generally
well-defined sulcus that extends full length of grain, and is comnanigtricted
at middle. Most specimens appear rounded to flat at their extesrds, and
commonly appear infrapunctate and granulate.

Occurrence: STRAT 1, CKP6, CKP9, ME5SS.
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Previous records: Australia; Permian (Balme & Hennelly, 1956). Antarctica,
Permian (Lindstrom, 1995). Congo-DR; Late Permian (MaheshwdriBaise,
1969). South Africa; Late Permian (MacRae, 1988).

Cycadopites glabeflLuber & Waltz) Hart 1965
Plate 10, figure 5

1941 Azonaletes glabdruber & Waltz

Description: Pollen monosulcate. Amb broadly oval to slightly ellipsoidal. Sulcus
extend full length of grain, slightly widens at extreme endgjndis marginal
folds. Exine 0.5 - 1m, laevigate.

Dimensions: Length; 24(33)42m, breadth; 18(25)38n (7 specimens, STRAT 1).

Remarks: The present specimens differ from other forms of the genus\imga
pronounced broadly oval amb and a laevigate sculpture.

Occurrence: STRAT 1.

Previous records:South America; Permian (Marque-Toigo & Klepzig, 1995).

Cycadopites nevegHart) Hart 1965
Plate 10, figure 6

1965 Cycadopites nevefiHart) Hart, p. 110; text-fig. 266.

Description: Pollen monosulcate. Amb circular, sub-circular or broadly oval elengat
parallel to the sulcus. Sulcus extends across entire grain)yshgintower in the
middle, occasionally with well-distinct marginal folds. Someerapecimens
indicate a proximal monolete suture. Sculpture; infragranulate,tagenor
reticulate.

Dimensions: Length; 30(44)54m, breadth; 21(38)50n (22 specimens, STRAT 1).
Remarks: The present specimens are distinguished from other forms gethes in
having a dominantly circular or near circular amb. The specined§;(pl. 7,
figs. 4-5) assigned by Maheshwari and Bose (196%uicatisporites maximus
(Hart) Singh 1964 is considered equivalent to the present specimens.
Occurrence: STRAT 1, CKPO9.

Previous records: Africa; Permian (Hart, 1965). Antarctica; Permian (Lindstrom
1995). Congo-DR; Permian (Maheshwari and Bose, 1969).
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Cycadopites folliculariswilson & Webster 1946
Plate 10, figure 7

For synonymy see Balme (1970; pp. 412 — 413).

Description: Pollen monosulcate. Amb oval, with pointed extreme ends. Exine 1 -
2 m thick; infrapunctate or laevigate. Sulcus extends full lergftigrain,
extremely narrow or slit-like, occasionally slightly widens at one end.

Dimensions: Length; 47(56)66m (13 specimens, STRAT 1), 40(57)™® (18
specimens, CKP6). Breadth; 16(26)8b (13 specimens, STRAT 1),
19(28)52 m (18 specimens, CKP6).

Remarks: The present specimens are distinguished from other forms of tus ge
having marked pointed etremeties and a generally narrow, slit-like sulcus.

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Reportedly stratigraphically and geographically wide rangamy]
occurring in Late Carboniferous to recent sediments (Balme, 1970; Foster, 1979).

Cycadopites sp
Plate 10, figure 8

Description: Pollen monosulcate. Amb oval elongate. Sulcus narrow, commonly
constricted, extend full length of grain. Grains variably infufstared with fine
granulate, punctate to vermiculate, as well as clearlgulate forms with fine to
coarse brochi about 1 - &1 wide.

Dimensions: Length; 49m, 60 m, 95 m (3 specimens, STRAT 1), 5&, 64 m (2
specimens, CKP6). Breadth; 26, 40 m, 56 m (3 specimens, STRAT 1),
21 m, 44 m (2 specimens, CKP6).

Remarks: The present specimens form a group of very rare forms iidatate
pronounced sculpturing, a feature uncommon with most forms of this genus,
however they are tentatively included here in regard to theitasigeeneral form
pending recognition of a suitable genus.

Occurrence: STRAT 1, CKP6.
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GroupACRITARCHA Evitt 1963
Genus INAPERTISPORITES van der HamnaxrRouse 1959
Type speciednapertisporites laevigatugan der Hammen ex Rouse 1959

Remarks: A brief history of the present genus is briefly outlined in Fal@@v8); it
was erected to include simple, small and thin walled alete sfdsearing a
laevigate to weakly sculptured exine, with variable splitting zofidsge difficulty
in classification and comparison of such featureless forms isdgtiggd in Martin
(1993), in which such forms are considered better classed withctitareh
group. The latter view is followed in this study due to the lackawoy
characteristic distinctive features observed that could improvelassification
level.

Inapertisporites inapertugAnderson) Falcon 1978
Plate 10, figures 9 - 10

1977 Inaperturosporites inapertu&nderson, p. 78; pl. 75, figs. 1 — 19.

Description: Outline sub-circular to commonly oval elongate. Two distinctowar
crescentic exinal folds in middle of grain, as if marginal toeatral colpus,
parallel to longitudinal axis. Specimens commonly ruptured alongitudinal
axis into two equal hemispheres, usually found still attachetheEXx5 m - 1 m
thick. Sculpture laevigate to occassionaly micro-grana, and rarely punctate.

Dimensions: Length; 45(62)107m (21 specimens, STRAT 1), @&, 70 m (2
specimens, CKP6). Breadth; 40(48)B6Y (5 specimens, STRAT 1).

Remarks: Forms similar to the present specimens have been described/andaes
groups of classification, however as explained in the remarks atimre
featureless characteristics makes them difficult to adelyalassify. The
specimens (fig. 10.9, p. 813) described as Prasinophyta by Tap®0) élrgd
assigned to the genukeiosphaeridia appears very similar to the present
specimens. Some similarities exists between the presenimspscand the
specimens (pl. 2, figs. 1 — 9) assigned by Pocock and Sarjeant (i®72)
Thuledinium groenlandicum

Occurrence: STRAT 1, CKP6, MES8, ML1, NATA.

Previous records Africa; Permian (Anderson, 1977; Falcon, 1978).
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Genus MICRHYSTRIDIUM Deflandremend StaplinemendLister 1970

Type speciesMicrhystridium inconspicuunm(Deflandre) Deflandre 1937 (by orginial
designation).

Micrhystridium sp.
Plate 11, figure 1

Description: Vesicle with circular amb; probably originally spheroidal.stict outer
wall about 1 - 2m thick; equator with densely populated processes) kigh,
less than 1m apart, conate-like to baculate-like.

Dimensions: Diameter of vesicle (including sculpture); 38, (1 specimen, STRAT 1).

Remarks: Specimen rare and poorly preserved; not adequate for a completerisompa
with other known similar occurrences.

Occurrence: STRAT 1

Genus TETRAPORINA NaumowexNaumova 1950

Type speciesTetraporina antigua Naumova 1950 (by subsequent designation of
Potonié, 1960).

Tetraporina sp.
Plate 11, figure 2

Description: Outline polygonal or irregularly rectangular; opposite sideghtty
convex or concave. Multiporate or perforated; pores circulaaredy linear or
curvilinear.

Dimensions:40 m x 35 m (1 specimen, STRAT 1).

Remarks: Specimen rare for detailed comparisons. The specimens (plg&64fi 5)
assigned by Millsteed (1999) fbetraporina tetragonaare very similar to the

present specimen and are probably equivalent.

Occurrence: STRAT 1.

Genus VERYHACHIUM DeunfemendDownie & Sarjeanemend.Turner 1984

Type speciesVeryhachium trisulcunDeunffex Deunff 1959 (by original designation)
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Veryhachium sp. A
Plate 11, figure 3

Description: Vesicle triangular in outline, apices extend into distinctivéiyng
processes. Processes appear fluffy, crenulated, flat, and dytraareows
toward ends; about 3tn long. Vesicle with a distinctive dark circular opening or
pylome near one apex; 1@ diamter.

Dimensions:Diameter of vesicle; 1/m.

Remarks: The present specimen harbours a circular or subcircular openpydoone
that makes it appear very close to the specimen (PI. 3, figs6jilbed by Martin
(1993) asVeryhachium cf. V. downiei The latter specimen however appear
relatively more robust in comparison to the present specimen.

Occurrence: STRAT 1

Veryhachium sp. B
Plate 11, figures 4 - 5

Description: Vesicle triangular in outline, apices extend to form narroacgsses.
Processes appear more firm or robust and cylindricalmllong. Some
specimens indicate possible pylome. Other specimens indifatyagranulate
ornamentation on vesicle and processes.

Dimensions:Diameter of vesicle; 20m.

Remarks: The present specimens also appear closely comparable wihedtienens (pl.
16, figs. 42 — 49) assigned by Jansonius (196%)itsonastrum colonicum

Occurrence: STRAT 1

Veryhachium sp. C
Plate 11, figure 6

Description: Vesicle triangular in outline, apices extend into long, narrow an
crenulated processes. Processes abouh2@ng. Vesicle and processes appear
laevigate.

Dimensions:Diameter of vesicle; 18n.

Remarks: The present specimen closely resembles/hachium sp. Ayut differ in its
generally delicate appearance.
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Occurrence: STRAT 1

Genus UNCERTAIN

Species A
Plate 11, figure 7

Description: Vesicle with subcircular or spherical outline. Two or more [Eeee
extending from the vesicle; probably hollow, expanded at terminations or heads.

Dimensions: Diameter of vesicle (excluding processes);Z1 specimen, STRAT 1).

Remarks: Specimen rare and poorly preserved to allow complete comparismevir,
several line drawings in Cramer and Diez (1979) indicate Iplessimilarities
with the present specimen. A few of the comparable line dravatigsithin the
genera outlined below:
Umbellasphaeridiundardiné et. al., 1972 (e.qg. text-fig. 257, p. 105)
MultiplicisphaeridiumStaplin 1961 (e.g. text-figs. 6 — 30, pp. 38 — 39)
PetaloferidiumJacobson 1978 (e.g. text-fig. 182, p. 96)

Occurrence: STRAT 1

Species B
Plate 11, figure 8

Description: Vesicle appears bent or compacted but with probable triangudar; f
apices extend into long flat-like processes. Bifurcation at tgnds of processes.

Granular ornamentation on vesicle and processes.

Remarks: Specimen rare. Probable comparable genera based on line dr&wmgs
Cramer and Diez (1979) include:

MultiplicisphaeridiumStaplin 1961 (e.g. text-fig. 12, p. 38)
OzotobrachiorLoeblich Jr. and Drugg 1968 (e.qg. text-fig. 172, p. 92)

Occurrence: STRAT 1
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Species C
Plate 11, figure 9

Description: Vesicle oval-elongate; with rupture. Flat, curly processesither end of
long axis, appear to be slightly expanded at ends; process lbhg on one side
with better view.

Dimensions:Long axis 17m, short axis 12m.

Remarks: Specimen rare. Probable comparable genus based on line drdvang
Cramer and Diez (1979) include:

DomasiellaCookson and Eisenack 1969 (e.g. text-fig. 72, p.75)
Occurrence: STRAT 1
Species D

Plate 11, figure 10

Description: Vesicle irregularly oval elongate. Irregular processlesut 7m long;
bifurcating at ends. Vesicle and processes indicate groove-like features.

Remarks: Specimen rare. The specimens (fig. 3.31; 6, 7) assigned bynTgi§&0) to
the specied\ctinotophasis complurilathoeblich & Wincander, appears broadly
similar to the present specimen.

Occurrence: STRAT 1

Species E
Plate 11, figure 11

Description: Vesicle broadly oval elongate. Irregular opening/slioeffiter; parallel to
long axis of vesicle, extend nearly full length. Weakly granulate.

Dimensions: Length 34 m, breadth 26m.
Remarks: Specimen rare. Probable genera include:

BrazileaTiwari & Navale 1967
Sulcatosphaeridiudmnova 1970 (e.g. Cramer & Diez, 1979; text-fig. 32, p. 27)

Occurrence: STRAT 1
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Division CHLOROPHYTA

Genus BOTRYOCOCCUS Kiutzing 1849

Type speciesBotryoccocus brauniKitzing 1849 (by monotypy)

Botryoccocus sp. cf. B. braunKitzing 1849
Plate 11, figure 12

Description: An irregular grain comprised of an aggregate or cluster egutarly-
shaped components i.e. sub-circular to oval elongate with irregulanesutir
contacts.

Remarks: The present specimen does not harbour variedly distinct features f
detailed comparison but generally appear similar to other specidesusibed
under the present genusf.(Segroves, 1967; Foster, 1979; MacRae, 1988;
Milsteed, 1999).

Occurrence: STRAT 1

Previous records: Australia; Permian (Segroves, 1967; Foster, 1979). South Africa;
Late Carboniferous to Late Permian (MacRae, 1988; Millsteed, 1999).

Division PRASINOPHYTA
Genus ARABISPHAERA Hemer & Nygreen 1967
Type speciesArabisphaera bellulddemer and Nygreen 1967 (by original designation)

Arabisphaera bellulaHemer and Nygreen 1967
Plate 11, figure 13

1967 Arabisphaera bellulddemer & Nygreen, p. 186; pl. 3, figs. 7 — 11.
1968 Portalites gondwanensiNahuys, Alpern and Ybert, pp. 41 — 42.

Description: Outline circular or subcircular in compressed forms; withstirditive and
wide outer wall i.e. 2 - 3n. Some specimens display a circular opening or pore.
Commonly displays a faint outline of either a rupture or cananelg from
wall, where it appears widened, and across much of the grain; tmearved.
Equator finely corrugated or corroded to give a micro-granulate egppma Plan
view with diffuse fossulate and reticulate outlines, with a comgnonctro-pitted
appearance.

Dimensions: Equatorial diameter; 24(29)3¢h (6 specimens, STRAT 1).
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Remarks: The present specimens indicate a smaller size range toftAedbisphaera
sp.below.

Occurrence: STRAT 1.

Previous records: Saudi Arabia; Early Carboniferous (Hemer & Nygreen, 1967).
South America; Permian (Nahuys, Alpern & Ybert, 1968).

Arabisphaera sp.
Plate 11, figure 14

Description: Outline circular to sub-circular. Locally discernible outlofeouter wall,
about 3 m thick. Specimens indicate a generally pitted or spongy appearance.

Dimensions:Equatorial diameter; 29(39)4ih (5 specimens, CKP6).

Remarks: The present specimens are rare and poorly preserved for a @mplet
comparison and identification of a suitable genus; their inclusioharptesent
genus is only based on their general similaritatabisphaera bellulawhich is
also found in the study material. However, the specimens (pl. 36figd0) and
(pl. 15, figs. 1 — 3) assigned by Segroves (1967) and Millsteed (1999),
respectively, tdSpongocystia eraduicdo appear to have some close similarity to
the present specimens. Millsteed (1999) considstaculatasporites eraduensis
(Segroves) Anderson 1977 a junior synonymSgiongocystia eraduicéspelt
wrongly asS. eraduciaby Millsteed, 1999). In view of their relatively larger
grain size, the speciesrabisphaera sp(this study), together witls. eraduica
Segroves 1967 and. eraduensigSegroves) Anderson 1977, probably form the
equivalent, and hence are junior synonyms, of the spécadsisphaera fossilis
Hemer and Nygreen 1967. The latter was distinguished #oatisphaera
bellulaby Hemer and Nygreen (1967) only on the basis of its larger size.

Occurrence: CKP®6.

Genus CYMATIOSPHAERA O. Wetzelx Deflandre 1954

Type speciesCymatiosphaera radiat®. Wetzel 1933 (by subsequent designation of
Deflandre, 1954)

Cymatiosphaera gondwanensj$iwari) Backhouse 1991
Plate 11, figure 15

1991 Cymatiosphaera gondwanengiiwari) Backhouse, pp. 299 — 302; pl. 22, figs 13
—-15.
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For additional synonymy see Foster (1979).

Description: Outline circular to sub-circular and rarely oval; divided intararer and
outer body. Inner body dark, displays negative reticulum with brochb Im-
wide; diameter range 16 - 2th. Outer body flange-like, lighter, with radially
arranged elements; 3 - @ wide.

Dimensions: Equatorial diameter; 22(28)3dh (9 specimens, STRAT 1), 2& (1
specimen, CKP6).

Remarks: The present specimens indicate a relatively smallerraizge than those
described in most literature (e.g. Foster, 1979; MacRae, 1988; ddd|st999),
however, their size range is closely compatible with the sgasndescribed by
Anderson (1977).

Occurrence: STRAT 1, CKP6, CKP9.

Previous records: Africa; Permian (Anderson, 1977; MacRae, 1988; Millsteed, 1999).
Australia; Permian (Foster, 1979).

Cymatiosphaera sp. A
Plate 11, figure 16

Description: Outline sub-circular. Distinctively finely reticulate, withochi about 1 -
2 m wide; bearing negative reticulum.

Dimensions: Equatorial diameter; 3™, 41 m (2 specimens, CKP6).

Remarks: The present specimens are distinguished f@ymatiosphaera gondwanensis
in having a relatively finer reticulum and also in not indicating atgar
distinction between an inner or central body and an outer flangedike. The
latter seem to be completely absent or entirely indistinctivehe present
specimens. The specimens (pl. 2, figs. 31, 32) assigned by Anderson @977) t
Mehlisphaeridium gondwanensibave a close resemblance to the present
specimens.

Occurrence: CKP6
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Cymatiosphaera sp. B
Plate 11, figure 17

Description: Oultine circular to sub-circular; equator comprised of irragalaments,
about 3m high. Plan view indicates weak display of reticulate pattesth
brochi about 1 - 2m wide.

Dimensions: Equatorial diameter (exluding sculpture); 8 28 m, 30m (3
specimens, STRAT 1), 2&n (1 specimen, CKP6).

Remarks: The present specimens are rare and poorly preserved for a complete
description and comparison. However, there seems to be close resmmbla
between the present specimens and the specimens (pl. 1, figs. 3hssigRed
by Anderson (1977) taMehlisphaeridium irregulare. The latter species was
recombined by Millsteed (1999) @ymatiosphaera irregulare

Occurrence: STRAT 1, CKP6.

Genus MACULATASPORITES Tiwari 1964
Type speciesMlaculatasporites indicuSiwari 1964 (by original designation).

Remarks: A brief note on the history of this genus is given in Fensomal.ef1990);
the genus was originally described to represent miospores but wwaplEced
under the acritarcha group by several workers. The placerh#ms genus under
the prasinophyta group in this study follows Tappan (1980).

Maculatasporites sp.
Plate 11, figurel8

Description: Outline sub-circular; body probably originally spherical. Didively
reticulate with lumina sub-circular, oval or polygonal, 1 aRin diameter; muri
less than 1m.

Dimensions: Equatorial diameter; 3én (1 specimen, STRAT 1).

Remarks: The present specimen falls within the size rangdaxfulatasporites minimus
Segroves 1967 but differ in having a much narrower lumina and mune T
occurrence of only one specimen observed in the study materias makiicult
to adequately classify the present specimen. Backhouse (1991) noted the
occurrence of a wider range of morphology in his material that ateticthe
possibility of several end members of this form, in which thegrespecimen
may well fall. Millsteed (1999) gave a comprehensive account on the
comparisons and possible synonymity of the type speéilesulatasporites
indicus and the specimens (pl. 3, figs. 11 — 14; figs. 15 — 18) assigned by
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Segroves (1967) tdvaculatasporites minimusand Maculatasporites amplys
respectively.

Occurrence: STRAT 1

Previous records India; Early Permian (Tiwari, 1964). South Africa; EarlyrRian
(Anderson, 1977; MacRae, 1988; Millsteed, 1999).

Genus TASMANITES Newton 1875

Type species Tasmanites punctatudNewton 1875 (by subsequent designation of
Eisenack 1958).

Tasmanites sp.
Plate 11, figure 19

Description: Outline circular to sub-circular. Multi-porate or with a peated texture.
Pores commonly circular, occassionaly sub-circular to rarely owalinear;
sporadic coarse pores. Wall appear largely smooth and uniform aith f
laminae, 2 - 3m thick; pores rarely extend beyond wall structure, but are &isibl
within wall as narrow radial elements.

Dimensions: Equatorial diameter; 36n, 36 m (2 specimens, STRAT 1).
Remarks: The present specimens are rare in the study material. [lI$teative figure
(p. 105, text-fig. 236) representing the gefiasmanitesn Cramer and Diez

(1979) appears identical to the present specimens.

Occurrence: STRAT 1
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CHAPTER 5: RESULTS

The microscopic qualitative slide analyses undertaken on sainpfasthe nine study
boreholes (e.g. Figs. 13 — 21) revealed that only two (i.e. STRATJICKP®6) yielded
significant results in terms of palynomorph occurrences. Conseguietiresults herein
presented focuses on the analyses from the two boreholes, egpgemialole STRAT 1,
which was designated the reference section owing to a rejatbetter preservation
potential. Nevertheless, the rest of the boreholes have yigsgedignificant but useful
results that will also be considered in the discussions. In ant ééffcaugment the
gualitative analysis for the identification of important straric horizons, a
guantitative data analysis approach was undertaken. Only borehole STR#8s

considered for the quantitative analyses due to resource limitafi@nstime and

finance). The qualitative and quantitative analyses determinedhisn study are
summarized and illustrated in Figures 27 — 46.

5.1 Palynostratigraphy

Palynostratigraphic considerations in handling and illustration ofidiee were based on
the definitions of Murphy and Salvador (1999) with regard to biostegigc units. The
procedure to subdivide the borehole sections into palynozones was largekréwdd
the following criterions:

1. The data was initially presented in species range chartshwdpcesent the range
of any particular species in the core, defined by its first and last occeirrenc

This procedure allows for the recognition of biostratigraphic horizons
biohorizons which are defined as stratigraphic boundaries, surfaces, or
interfaces across which there is a significant change in &iggtaphic
character, e.g. increase in species diversity or abundancy etc.

2. The range charts were then analysed to identify certaimqalgrph species or
taxa whose range defines specific sections of the core.

The identification of taxa-specific sections of the core alldorsthe
recognition of biostratigraphic zones lupzones which represent bodies
of strata defined on the basis of their fossil or taxa content.

The biohorizons may form major boundaries to the biozone.

3. Further analyses on the range charts were undertaken to deterntwesttkend
of biozones suitable for subdivision of the core €gncurrent-range Zone
Assemblage Zone etc

The procedure outlined above, mainly based on data from the qualitatlysesnavas

then augmented with data from the quantitative analyses to detesigndicant
horizons defining boundaries to biozones.
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5.1.1 Qualitative Analysis

Details of the qualitative analyses are summarized in Figitesd 32, which represent
the range charts of determined species described from the pvedibctrizons of
boreholes STRAT 1 and CKP6, respectively. Appendix | compriset afliall taxa,
including open-ended species, recognized from all the study borehalds,the
exception of borehole ML2 that was completely barren. Additionallsletes presented
in Appendix Il, which comprises all taxa occurrence chartalidsoreholes, except ML2
and TLMB1, as well as all taxa range charts for boreholes STRAT 1, CKP6, @@l CK

5.1.1.1 STRAT 1 Borehole

The range charts for STRAT 1 borehole are illustrated in Fsg@reand 28, with details
of their characteristics summarized in Figure 29. A cératsessment of the range
charts reveals the occurrence of three broad categories of taxa:

1. Long range taxa.

These occur more or less throughout the entire sampled and productive
section of the borehole. Such taxa are generally of littlégtahic use
owing to their long range and non-partitionable character of their ranges.

Examples include: Apiculatisporis levis,  Cyclogranisporites
gondwanensis, Granulatisporites angularis, Lundbladispora braziliensa,
Inapertisporites inapertus, Potonieisporites novicus, Striatopodocarpites
cancellatusetc

2. Medium range taxa.

These occur within a specific, albeit broad, section of thehbtealefined
by finite points of origin or termination at one end of their graphic
range; either their upper limit or their lower limit exterasyond the
extent of the borehole section. Such taxa are stratigraphicafyl us
sub-division of the borehole section.

Examples include: Apiculatisporites leptoacaina, Cristatisporites
morungavensis,  Converrucosisporites  naumoviae, Retusotriletes
golatensis,  Alisporites ovatus, Striatoabieites = multistriatus,
Marsupipollenites striatus etc.

Chapter 5: Results 160




.G Ja1deyd

s)nsay

T9T

‘uoxel a/\uoadsam@oueunooo 1Sk| ay] pue adualinddo0 JualsIsuod

AlaAirejas Buipadaid ay) USaMISTSEINIJ0-UOU JO SUOZ B 193)JaJ Saul| USX0Iq ‘EsIdjoyaloq T 1VHLS JOo uoisiaipgns diydesbiyesipaiexe] pauiwlalap Jo Leyd abuel siydesbinens :2z ainbi4

DWYKA ECCA GROUP (-_f|7
alo- . . .
jong | Khuis Middlepits Kobe Otshe FORMATION g
ERRE L e R S b
DEPTH (M)
-
LITHOLOGY

Cyclogranisporites gondwanensis (13)

J N PR i

rar orites angularis (16)
Convolutispora intrareticulata (58)
Cristatisporites crassilabratus (70)
Cristatisporites morungavensis (74)
Lundbladispora braziliensa (82)
Polypodiisporites mutabilis (88)
Punctatisporites gretensis (6)
Apiculatisporis leptoacaina (25)
Punctatisporites parvus (8)
Punctatisporites ubischii (9)
Raistrickia crenata (47)
Converrucosisporites naumoviae (48)

Ir australensis (69)

Punctatisporites gracilis (7,
Horriditriletes ramosus (40,

; j : i
— —
\
I | I | I I | I
— ‘ : }
I ] ] | |
— \ \
— \ [ \ \
— — ‘ \
— i T ? \
— : — |
i \ i \ | | | |
! : ] : \ [ \
} % 1 % % — 1 %
— \ \ \ | [ \ \
— \ \ \ \ [ | J
i i | i i | \ \
: — e A R
S s e — Ly i
1 | \ | | 3| \ |
——— | \ R \ \
\ \ \ \ | \ |
| : : | [ \ \
P R P et N A, Lo l...
: | — | \
| | \
\ T \
| Rk R
N —— [ \
1y |

Verrucosisporites andersonii (54)
D directa (4)
Verrucosisporites morulatus (53)
Inapertisporites inapertus (166)
Lophotriletes novicus (31)
Densosporites rotundus (80)
Granulatisporites papillosus (15)
Pachytriletes splendens (5)
Horriditriletes uruguaiensis (42)
Apiculatisporis cornutus (22)
Apiculatisporis levis (24)

Converr s (49)

Retusotriletes golatensis (12)
Apiculatisporis parmatus (26)
Converrucosisporites irregularis (50)
Horriditriletes tereteangulatus (41)
Cristatisporites lestai (72)
Calamospora aplata (1)
Cristatisporites microvacuolatus (73)
Granulatisporites trisinus (17)
Horriditriletes curvibaculosus (43)
Cristatisporites menendezii (76)
Arabisphaera bellula (178)
Cristatisporites inconstans (71)
Horriditriletes gondwanensis (44)
Divaricrassus minor (29)
Lophotriletes rarus (32)
Retusotriletes diversiformis (11)
Apiculatisporis unicus (23)
Cirrabaculisporites plumsteadiae (36)
Lundbladispora gracila (83)
Concavisporites mortonii (2)
Cristatisporites spinosus (75)
Cymatiosphaera gondwanensis (180)
Foveosporites karrooensis (62)
Didecitriletes ericianus 828)
Lophotriletes rectus (30,
Il_—!nrr\_dltrlletes brevis F39)

Srites vulgaris (86

L plicatus 587}
Limitisporites monstruosus (111)
Cycadopites follicularis (164)
Plicatipollenites densus (99)
Vittatina saccifer (149)
Cycadopites cymbatus (161)
Plicatipollenites gondwanensis (98)

N 0. G I N N O 0N /2

Protot 1s hartii (133)
Vittatina minima (148)
Pakhapites ovatus (156)
Plicatipollenites trigonalis (100)
Limitisporites rectus (110)

<

<

<

jite: (139)
Caheniasaccites ovatus (104)
Potonieisporites novicus (106)
Lunatisporites variesectus (130)
Potonieisporites congoensis (108)
Potonieisporites brasiliensis (107)
Vestigisporites rudis (114)
Barakarites rotatus (94)
Pakhapites fusus (155)
Striatopodocarpites rarus (142)
Cannanoropollis janakii (96)
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{ magmus (154)
Striatoabieites multistriatus (138)
Vittatina scutata (147)
Lunatisporites nubilus (129)
Alisporites ovatus (116)
Protohaploxypinus limpidus (134)
Protohaploxypinus rugatus (136)
Limitisporites perspicuus (112)

Cy! glaber (162)
Alisporites splendens (119)
Striomonsaccites crucistriatus (92)
Vestigisporites ventrisaccatus (115)
Caheniasaccites flavatus (105)
Vittatina foveolata (146)

lllinites spectabilis (109)

Marst ites striatus (159)
Protohaploxypinus haigii (132)
Alisporites australis (117)
Alisporites potoniei (118)
Protohaploxypinus perexiguus (135)
Marsupipollenites triradiatus (160)
Lueckisporites virkkiae (128)
Florinites eremus (90)
Striatopodocarpites pantii (141)
Platysaccus papilionis (120)
Hamiapollenites saccatus (125)
Striatopodocarpites fusus (140)
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3. Short range taxa.

These occur within a relatively narrow section of the borehole,tleir
range is confined between finite points of origin and termination.

Examples include: Raistrickia crenata Converrucosisporites
pseudoreticulatus Divaricrassus mingr Laevigatosporites vulgaris
Lueckisporites virkkiaeStriatopodocarpites pantiPlatysaccus papilionis
etc.

An overall assessment of taxa range in borehole STRAT 1 inditeteboth the upper
and lower limits are poorly constrained. The upper limit of taxa occurrenceersndeed
by the highest level of sampling, which was constrained bydmeavailability of core
for sampling beyond the sampled level. The base of the borehole sedtion,shortly
overlies older late Precambrian basement rock, determinesower llimit of taxa
occurrence. Nevertheless, the productive zones of the section saripleed ahe
sequence in borehole STRAT 1 to be subdivided into palynozones.

5.1.1.1.1 Biozones

Firstly, the range charts were analysed in terms oRénege Zongype of biozones, with
boundaries defined by biohorizons characterized by first and last rappea of
significant species. Four biozones are recognized (e.g. Fig8, and 29), and are
comprised of three concurrent range zones and one taxon range zone. ySehbendl
range charts were considered in terms ofAksemblage Zongpe of biozones, in order
to increase the chances of correlation with the other borehtlerse Three assemblage
zones are recognized (e.g. Fig. 30), which allows borehole STR#TbE& correlated
with borehole CKP6. A summary of the biozones and their chardict¢eiga is given
below, in ascending order of the borehole section, whilst detailfsteated in Figures
29 and 31.

5.1.1.1.1.1 Range Zones

The Potoniesporites congoensis — Converrucosisporites irregusaencurrent-range
Zone (Biozone S1 —-1)

This zone has been defined on the basis of short to medium range daxangadn this
section of the borehole. The lower limit of this zone is uncertam tduits close
proximity to the base of the section, where several taxa appear to origimatevet, the
lower limit has been tentatively placed at the next distiratorizon (i.e. S1 A) after the
lowermost defined by the majority of taxa emanating from rmese. The most
significant taxa characterizing this zone are:
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Raistrickia crenata, Converrucosisporites pseudoreticulatus, Converrucosespor
irregularis, Potoniesporites congoensis, Limitisporites rectaead Hamiapollenites
bullaeformis

The lower limit is defined by the first occurrenceRuftoniesporites congoensishich is
considered a very distinct and relatively easily recognizaldeie®. The upper limit is
defined by the last occurrence Gbnverrucosisporites irregularigsvhich although is
not the most abundant, forms the only termination at this point. Neles#) both the
lower and upper limits of this zone are associated with sewp@ties initiations,
defining significant events. The zone has been subdivided into sub-aoties basis of
the associated biohorizons all characterized by species initiations.

The Retusotriletes diversiformis — Divaricrassus minoroi@urrent-range Zone
(Biozone S1 — 2)

This zone has been characterized on the basis of short and mediuntasangend its
boundaries corresponds to biohorizons S1 D and S1 F (Appendix Il - 2), domigated b
species initiations and species terminations, respectively. Tdst smgnificant taxa
characterizing this zone are:

Retusotriletes diversiformis, Apiculatisporis unicus, Divaricragsusor, Lophotriletes
rarus, Horriditriletes curvibaculosus, Cristatisporites inconstans, @tisporites
menendezii, Lundbladispora gracilis, Striomonosaccites crucistriatus, Caheritasacc
flavatus, lllinites spectabilis, Protohaploxypinus haigii, Protohaploxypinus rugatus
Vittatina foveolatagnd Arabisphaera bellula.

The lower limit of this zone is characterized by the figpearance oRetusotriletes
diversiformis while the upper limit has been placed at the last appearance of
Divaricrassus minar The zone is divided into two subzones on the basis of species
initiations and terminations that define the associated biohorizons.

The Lophotriletes rectus — Concavisporites mortonii Concurt-eange Zone (Biozone
S1-13)

This zone occurs within the section bound by biohorizons S1 F and S1 J (Apfendi
2), and is indicated to be the least productive palynologically, nmsteof species
occurrence data (e.g. Appendix Il - 1). The most significard that characterize this
zone are:

Concavisporites mortonii, Lophotriletes rectus, Horriditriletes bsgliaevigatosporites
vulgaris, Laevigatosporites plicatus, Alisporites australis, Alisporitpstoniei,
Lueckisporites virkkiae, Protohaploxypinus perexiguus, Marsupipollenitesdifitus,
andCymatiosphaera gondwanensis
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