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ABSTRACT

Coeval plant microfossil assemblages of glacigcne deposits of Gondwanaland are
divisible on the basis of proportions of major morphological groups into two distinct
types. They are the Australian-tvpe (wifl a dominance of trilete spores and up to 10
per cent monosaccate pollen) and the Indian-type (dominated by monosaccate pollen with
minor proportion of spores).

The lack of diversity of the Indian-type palynoflora is consistent with a parent flora
adapted to harsh physical conditions such as a severe glacial environment. The Aus­
tralian-type palynofloras, by contrast, suggest parent plant communities developed
under milder conditions, perhaps peripheral to ice centres or experiencing a greater
fluvial influence.

Recognition of Australian-type palynofloras associated with coal measure sequences
in Tanzania, coeval with glacigene sequences elsewhere in Gondwanaland may indicate
that the post glacial flora in the Gondwana countri·~s was not simply the result of evolu­
tion and radiation in response to the end of widespread glaciation.

Key-words - Microfossils, Palynology, Gondwanaland, Glaciation, Late Palaeozoic
(Australia).

mhT

~Rnr iffi;n:r~~ l'fT6c!l'lT ~l1.,~m ~~+rT fr <l''1<'fO!:T"f"I'lRtlTlil1 "ll~ 'fiT ~'fT­
iRT~~

,i'filCli"1i<1'ij'Ii ~~ RelcfT 'Ii Iill'l'fiI<1l"1,;I''1qli~ql~'i ~ 5f!:TR 'ffW-'~I'filf<:"'lll ~T

'Ii ~ 'Ii man: <n::~ c;T fcrf~ ~ if fcrmf;rcr fiFl'r ;;rr ~ ~ I l'r ~~-~

(fu>;rft1:r ~T fr 5fmClT crm 1 0 ~ Cf'fi Q;'fi'f>'tlSO'1<1lfU1T'fi1JTTfr 1!'fcr) crm m<:­

ffi<r-~ (~T 'Ii mo'l ~'lTcf 'Ii m~-m~ Q;'fi'f>'tlSOTlf'lU'T'fi1JTTfr 5fmClT) ~ I

'lffiCl'1<1-~ '1Ul'fT1lTfcr'fi-Cl"1f4fd"lIClif fcrf~m 'fiT ~mCl ~n:~ ~ ~ID ~

mfu'f; qf<:ff<lfdllT 'Ii ~ ~fucr ~ ~fu;;rrcr 'Ii ~1Wl ~ I ~ fcr'lftcr ~1t?f"111"1-~

Hi'IiOlfil'fi Cl"1f4fd"liCl lffilTfcrq rn~fiF ~-'lR'T Iifl!GTlf/ii'tRr qf&<lfdlll if fcr'f;fuo ~ ~;;fT

fiF lfT crT '!/fTll'G~ 'RrT 'Ii ~~-flR m¥m ~T ~~ fcrniTuT ~ ~ fr 5fmfcrcr @ I

~ 'Ii 'fll<;r-m ~T fr, ;;fT fiF l'flilCl1'1l<1il if Wlfi;f ~ ~ ~ 1il'i'fiI<'1I"1~,

~ ~11i?f<111"1-mT q(I'IiOlfil'fi-~fu;;rrcrT 'fiT 'ITlfT;;rT'fT '!/fTll'G~ m ~fiF l'f~ ffi
if ~Rnr~ ~fu;;rrcr f'ffi[Cl' ~~ 'fiT ~fCcr ~ ~1f?filfT if +fTi;ff9'f1TliTQ;<f~<:1lf 'fiT

~ trf<urT+r '1"@ m I

INTRODUCTION

IMMEDIATEpre-glacial plant mIcro­fossil assemblages have been
recognized on both sides of the

Australian continent and in the Paganzo
Basin, Argenti na. The. assemblages a~e
broadly comparable which suggests thelf

parent floras were coeval. It follows, there­
fore, that similar climatic conditions charac­
terised large areas of Gondwanaland just
prior to the onset of glaciation. The
oldest plant microfossil assemblages re­
corded in glacigene sediments in Gond­
wanaland are also known only from
Australia and Argentina. These cbarac-
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terise the Potonieisporites Palynozone of
Azcuy and Jelin (in press) and the com­
parable Stage I of Evans (1969).

As pointed out by Kemp (1975), the
major part of aU Late Palaeozoic glacial
deposits throughout the Gondwanaland
countries, is characterized by pl2nt micro­
fossil assemblages comparable to Evans'
Stage 2. Although broadly comparable,
there exists many intrinsic differences
between the assemblages and the sedimen­
tary sequences in which they are found.

These assemblages contain abundant
mono~accate pollen grains and simple trilete
spores. They are also char-acterised by
the first occurrence of taeniate-disaccate
and monocolpate pollen grains in the
geolc,gical record of Gondwanaland. As­
sociated with the palynoflora are the oldest
known macrofossil elemtnts of the Glossop­
teris Flora. The purpose of this paper
is to compare and contrast the dominant
fundamental components (i.e. major mor­
phological groups) of the assemblages. In
order to document these eff, ctively it is
necessary to ignore the localised occurrence
of certain distinctive endemic forms and
the different taxonomic approaches used
by workers on separate continents.

Two distinct, yet comparable plant micro­
fossil assemblages characterise the Late
Palaeozoic glacial sequences of Gondwana­
land. For convenience they are herein
termed the' Australian' and' Indian '-type
palynofloras.

• AUllnllan-type'l'raalla, ••

A hdilln-typrPllrnotloru

TEXT-FIG. 1 - Gondwanaland reassembly accord­
ing to Smith and Hallam (1970), showing distribution
of the two types of Late Palaeozoic glacigene plant
microfossil assemblages.

AUSTRALIA

The major portion of the Late Palaeozoic
gla.cigene sediments in Australia is charac­
tensed by the Microbaculispora Assemblage
(Segroves, 1970) and Microbaculispora
tentula Assemblage zone (Powis 1979 un­
publ.) in west~rn Australia a~d Stage 2
(Evans, 1969) III eastern Australia. Their
palynofloras typify the Australian-type as­
semblage. They contain rare taeniate and
non-taeniate-disaccate pollen with most of
the assemblage being composed of mono­
sa~cate po~len and trilete spores such as
Mlcrobc:culzspora spp., Puncta tisporites
gretensls, Apiculatisporis cornutus Brevi­
triletes levis, Calamospora sp., Horr/ditriletes
ramosus, and Indotriradites spp. Mono­
saccates are common to abundant consti­
tuents but rarely dominant, with the main
percenta~e of the assemblage being made
up by tnlete spores. Disaccate pollen are
also consistent components but rarely exceed
10 per cent of the assemblage.

ANTARCTICA

Monosaccates and trilete spores make
up most of the palynoflora characterising
Kyl~'s (1977) Parasaccites Zone from the
glaclge~e Lower Victoria Group in
AntarctIca. It is therefore similar to the
Australian-type palynofloras. Apart from
the ~onosaccates, characteristic species
occurrIng on both continents are Micro­
baculi~porC! spp., Cycadopites cymbatus,
Indotrtradltes (Kraeuselisporites) splendens
Calamospora sp. and forms similar to Punc~
tatisporites gretensis. Disaccate pollen
most of which are taeniate, make up about
5 per cent of the Antarctic assemblages.

INDIA

T.he Lat~ Palaeozoic glacigene strata in
IndIa are mcorporated in the Talchir For­
mation. The plant microfossil assemblages
from these strata contain only rare disac­
cates but are dominated by monosaccate
pollen grains making up about 90 per cent
of th~ palynoflora. Bharadwaj (1966, 1970)
deSCrIbed the ParasaccitfS microflora from
the Tal?hir Series (including the Karharbari
FormatIOn). ~he lower part of this paly­
noflora contams two plant microfossil
'complexes '. The assemblages of the Kar-
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harbari Formation are characterised by an
abundance of non-taeniate-disaccates of
the Sulcatisporites-type. Although the as­
semblage from this formation described
by Lele and Makada (1974) does not agree
with Bharadwaj's percentages, it does appear
to be comparable to Stage 3 of Evans
(1969). Only the palynoflora from the
Talchir Formation is relevant, therefore,
to the present discussion. The assemblages
from the glacigene Talchir Formation were
described by Lele and Karim (1971), Lele
and Chandra (1973) and Lele (1975).
Typical assemblages from the formation
contain about 86 per cent monosaccates,
10 per cent disaccates (about 0·5 per cent
taeniate) and only 3 per cent trilete spores.
Such an assemblage typifies the Indian­
type palynofloras. The spores present in­
clude forms assignable to Microbaculispora
spp. and various apiculate and laevigate
trilete spores of the Calamospora, Puncta­
tisporites and Horriditriletes type. Zonate
spores of the Indotriradites type are absent.
Forms assignable to the monocolpate pollen
Cycadopites cymbatus are also present in
minor proportions.

AFRICA

The most important palynostratigraphic
work on the glacial strata of Africa has
been carried out in Southern-Central Africa
by Hart (1963, 1965, 1967, 1970), Rhodesia
by Falcon (1973, 1975, 1975a), Zambia
by Utting (1976, 1978), the northern Karroo
Basin by Anderson (1977) and Zaire by
HlIlegand Bose (1960), Bose and Kar (1966,
1976, 1978) and Bose and Maheshwari
(1966). Like India and Antarctica, no
immediate pre-glacial palynoflora has been
recognized in Africa. The glacial strata
are incorporated in the Dwyka Series
(including the Upper Dwyka shales).
Within the Dwyka Series of southern
Africa there are strata which contain
both the Australian and Indian-type
palynofloras.

The Lower Lukuga Group in Zaire and
the Siankondobo Sandstone Formation and
the Mukumba Siltstone of Zambia contain
plant microfossil assemblages dominated
by monosaccates (up. to 98 per cent in the
Mukumba Siltstone; see Utting, 1976; Hart,
1963). Bose and Kar (1978) report that
except for localised high percentages of

taeniate-disaccates, the palynomorph as­
semblages of the Formations glaciaires et
periglaciaires in Zaire, are also dominated
by monosaccates (minimum of 52 per cent).

Zone 1 of Anderson (1977), from the
northern Karroo Basin, the oldest subzone
of the Virkkipollenites-Plicatipollenites As­
semblage of Falcon (1973, 1975) from
Rhodesia and the K2er Zone of Hart (1963)
[later the Cordaitina-zone of Manum &
Tien (1973)J from Tanzania have similar
ratios of the major morphological groups
to those of the Australian-type palynoflora.
They all possess common to abundant
monosaccates and forms assignable to Micro­
baculispora spp., Calamospora sp., Punc­
tatisporites gretensis, Horriditriletes ramosus
and Apiculatisporis cornutus as well as rare
Cycadopites cymbatus. Anderson (1977, 'p.
54) states that of the thirty-one species
recorded from his Zone 1, thirteen are
known from western Australian palyno­
floras. Although Manum and Tien (1973)
recognized transitional assemblages to the
overlying disaccate pollen rich palynoflora
in Tanzania, and suggested in fact that
monosaccates did dominate in the Cordia­
tina-zone, Hart (1963) recorded about 10
per cent monosaccates with most of the
remainder of the assemblage being made
up of trilete spores and Cycadopites Cym­
lJatus. They are, therefore, more similar
to the Australian-type palynoflora.

SOUTH AMERICA

Azcuy (1979) outlined a palynostrati­
graphic subdivision of the Lower Gondwana
deposits of South America. He defined,
tentatively, five palynozones; the older three
from material obtained from the Paganzo
Basin, Argentina, and the younger two
from sequences in the Tarija Basin, Bolivia
and the Parana Basin, Brazil and Uruguay.

Palynozone I and II have more recently
been referred to as the Ancistrospora and
Potonieisporites palynozones respectively
(Azcuy & Jelin, in press). Powis (1979,
unpub!.) drew comparisons between these
palynozones and the immediate pre-glacial
and Potonieisporites Assemblage of Australia
(Kemp et al., 1977). Palynozone III, from
the glacial Itarare Subgroup and its corre­
latives in Argentina, was described as being
characterised by an assemblage of about
30 per cent monosaccates with spores (fre.
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quently zonate spores) making up to 50
per cent of the assemblage. This assem­
blage was correlated by Azcuy and Jelin
(in press) with that characterising Zone 2
of Bharadwaj, Kar and Navale (1976) from
similar strata. The distinguishing charac­
teristics of Zone 2 are that it is dominated
by trilete spores with monosaccate pollen
grains subdominant. The important spore
genera were recorded as Punctatisporites
(Callumispora), Microbaculispora and Indo­
triradites. The palynofloras of the Late
Palaeozoic glacigene deposits of South
America are, therefore, more like the
Australian-type than the Indian-type paly­
noflora.

COMPARISON

As previously stated, all the palynofloras
of the Late Palaeozoic glacigene deposits
in Gondwanaland are broadly comparable
and are, therefore, probably coeval. It
follows, therefore, that the glaciation was
synchronous throughout Gondwanaland in
the Late Palaeozoic (Powis, 1979, unpubl.).

The Indian-type palynoflora, dominated
by monosaccate pollen grains, suggests a
parent flora specialised in response to
narrow constraints produced by a high
stress physical environment (e.g. a glacial
environment) and therefore characterised
by an abundance of the same vegetation
type. The vegetation which produced the
monosaccate pollen was, therefore, specia­
lised to withstand severe glacial conditions.
The greater thicknesses of true tillites in
India and the Congo also suggest a more
severe glaciation than that experienced in
Australia.

n is reasonable to presume, therefore,
that coeval plant microfossil assemblages
with a greater diversity of palynomorphs,
particularly pteridosperms, and a non­
dominant percentage of monosaccates would
be the result of a parent flora existing in
a less severe environment, viz., peripheral
to ice centres or experiencing a greater
fluvial influence.

It is interesting to note, that both the
Australian-type and Indian-type palyno­
floras, recorded from glacigene sequences,
have also been recorded from African sequen­
ces with a dominantly non-glacial, sandstone
lithology, including minor shales and coal
measures (Utting, 1976, 1978; Manum &

Tien, 1973). Discussing their overlying
Vesicaspora-zone in the Tanzanian coal­
fields, Manum and Tien (1973) also stress
the significance of the same assemblage
occun ing throughout a stratum of varying
lateral sedimentary facies, viz., shale and
coal to sandstone. They conclude that
the floral change represented by their two
distinct palynofloras which took place over
a large area, was " controlled by significant
changes in the physical environment that
were not of a local nature". The palyno­
floras in the coalfields of Tanzania appear
to be coeval with glacigene sedimentation
elsewhere in Gondwanaland but as would
be expected in a coal swamp environment,
the strata are characterised by the Austra­
lian-type palynofloras.

In the Zambian sequence, the partially
glacigene Mukumbu Siltstone and its equi­
valent, the Siankondobo Sandstone, are
characterised by Indian-type palynofloras.
This suggests that the area experienced
harsh physical conditions during the period
of glaciation. Palynofloras equivalent to
post glacial assemblages elsewhere in Gond­
wanaland, characterise the conformably,
overlying carbonaceous sequence. The
palynofloras exhibit a marked increase in
the percentage of trilete spores and decrease
in the monosaccate pollen (becoming sub­
dominant). This floristic change coincides
with the first carbonaceous strata. This
is further evidence indicating that the waning
stages of the Late Palaeozoic glaciation
were accompanied by diversification of
the vegetation and under suitable conditions
coal formation.

A model for the formation of these car­
bonaceous sequences has recently been
put forward by Le Blanc Smith and
Eriksson (1979). They proposed that
shallow-rooted Arctic vegetation developed
on abandoned outwash plains overlying
deltaic deposits, formed by the deceleration
of sedimentary rates with the retreat of the
glaciers. The resulting peats, they said,
were the precursors to the present coal
seams. Such a model may satisfactorily
explain the occurrences of post-glacial car­
bonaceous sediments, but does not account
for the localised occurrences of coals con­
temporaneous with large thicknesses of
glacigene sediments in the same region.

The two examples from Africa show
that the parent floras of comparable paly-
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nofloras (whether Australian or Indian­
type) occurred in a variety of environments
during the Late Palaeozoic glaciation.
These were followed by a major floristic
modification in post-glacial times (Balme,
1980), which was also represented by
broadly comparable palynofloras charac­
terising many different sedimentary facies.
Colonisation of new niches exposed during
the waning of the glacial phase with
climatic ameleoration is, therefole, possibly
not the sole reason for the floristic
modifications which occurred after the
main phase of glaciation in Gondwana­
land in the Late Carboniferous-Early
Permian.

CONCLUSIONS

Despite minor differences in specific com­
position and taxonomic treatments in the
glacigene plant microfossil assemblages,
there are two distinct types of assemblages.
They are broadly correlatable and coeval
and reflect the severity of glaciation experi­
enced in particular regions. Recogni­
tion of comparable assemblages in
coal-measure sequences to those of con­
temporaneous glacigene deposits, further
suggests that the post glacial flora in the
Gondwana countries was not necessarily
a product resulting solely from a recolo­
nisation of the glaciated terrain.

REFERENCES

ANDERSON,J. M. (1977). A review of Gondwana
Permian palynology with particular reference to
the northern Karroo Basin, South Africa, in­
The Biostratigraphy of the Permian and Triassic.
Part 3. Mem. bot. Surv. S. Afr., 41: 67.

Azcuy, C. L. (1979). A review of the Early Gond­
wana palynology of Argentina and South America.
IV Int. Palynol. Conf, Lucknow (1976-77) 2:
175-185.

Azcuy, C. L. & JELIN, R. (in press). Las palino­
zonas del limite Carbonico-Permico en la Cuenca
Paganzo. Aetas II Congr. Argentino de Paleonto­
logia v Biostratigrajia.

BALME,B. E. (1980). Palynology and the Carboni­
ferous - Permian boundary in Australia and
other Gondwana continents. Palynology.

BHARADWA],D. C. (1966). Distribution of spores
and pollen grains dispersed in the Lower Gond­
wana formations of India, pp. 69-84 in Symp.
Floristics Strati gr. Gondwld. Birbal Sahnl Institute
of Palaeobotany, Lucknow.

BHARADWAJ,D. C. (1970). Palynological subdivi­
sions of the Gondwana sequence in India. Proc.
2nd Gondwana Symp. South Africa, 1970,
C.S.l.R. Pretoria: 531-536.

BHARADWAJ,D. C., KAR, R. K. & NAVALE,G. K. B.
(1976). Palynostratigraphy of Lower Gondwana
deposits in Parana and Maranhao basins, Brazil.
Bioi. Mem., 1 (1 & 2), Palaeopalynol. Ser. (1-4):
56-103.

BOSE, M. N. & KAR, R. K. (1966). Palaeozoic
Sporae dispersae from Congo-I. Kindu-Kalima
and Walikal regions. AnnIs Mus. r. Afr. Cent.,
Ser. go, Sci. geol., 53: 1-238.

BOSE, M. N. & KAR, R. K. (1976). Palaeozoic
Sporae dispersae from Zaire (Congo)-XI. Assises
glaciaires et periglaciaires from the Lukuga
Valley. Annals Mus. r. Afr. Cent., Ser. 80, Sci.
Geol., 77: 1-11.

BOSE, M. N. & KAR, R. K. (1978). Biostratigraphy
of the Lukuga Group in Zaire. Annals Mus. r.
Afr. Cent., Ser. 80, Sci. Geol., 82: 97-113.

BOSE,M. N. & MAHESHWART,H. K. (1966). Palaeo­
;zoic sporae dispersae from Congo-II. The Epulu

River (Tturi). Annals Mus. r. Afr. Cent., Ser.
80, Sci. Geol., 53: 240-249.

EVANS, P. R. (1969). Upper Carboniferous and
Permian palynological stages and their distri­
bution in eastern Australia, in: Gondwana strati­
graphy, lUGS Symp., Argentina (1967).
UNESCO, Earth Sci., 2: 41-54.

FALCON,R. M. S. (1973). Palynology of the Middle
Zambesi Basin, in: Bond, G., The Palaeonto­
logy of Rhodesia. Bul!. geol. SlIrv. Rhodesia,
70: 43-70.

FALCO , R. M. S. (1975). Palynostratigraphy of
the Lower Karroo sequence in the central Seb­
ungwe District, Mid-Zambesi Basin, Rhodesia.
Palaeont. afr., 18: 1-29.

FALCON, R. M. S. (I975a). Application of palyno­
logy in sub-dividing the coal-bearing formations
of the Karroo Sequence in South Africa. Afr.
J. Sci., 71: 336-344.

HART, G. F. (1963). Microflora from the Ketewaka
- Mchuchuma Coalfield, Tanganyika. Bull.
geol. SlIrv. Tanganyika, 36: 1-27.

HART, G. F. (1965). The Systematics and Distri­
bution of Permian Miospores. Witwatersrand
Univ. Press, Johannesburg. 252 pp.

HART, G. F. (1967). Micropalaeontology of the
Karroo deposits in south and central Africa.
Rev. lUGS Symp., Gondwana Stratigr. UNESCO,
Argentina: 161-172.

HART, G. F. (1970). The stratigraphic subdivision
and equivalent of the Karroo sequence as sug­
gested by palynology. Proc. 2nd Gondwana
Symp. South Africa (1970), C.S.I.R. Pretoria:
23-36.

H0EG, O. A. & BOSE, M. N. (1960). The Glossop­
teris Flora of the Belgian Congo with a note on
some fossil plants from the Zambesi Basin
(Mozambique). Annls MilS. r. Congo Beige.,
SeT. 80, Sci. Geol., 32: 107.

KEMP,E. M. (1975). The palynology of Late Palaeo­
zoic glacial deposits of Gondwanaland, pp.
397-413 in Campbell, K.S.W. (Ed.)- Gond­
wana Geology. Papers from the 3rd Gondwana
Symposium, Canberra, Australia. A,N,U. Press,



98 THE PALAEOBOTANIST

KEMP, E. M., BALME,B. E., HELBY, R. J., KYLE,
R. A., PLAYFORD,G. & PRICE, P. L. (1977).
Carboniferous and Permian palynostratigraphy
in Australia and Antarctica: A review. J. Bur.
Miner. Resour. Geol. Geophys Aust., 2: 177­
208.

LE BLANCSMITH,G. & ERIKSSON,K. A. (1979). A
f1uvioglacial and glaciolacustrine deltaic depo­
sitional model for Permo-Carboniferous coals
of the northeastern Karroo Basin, South Africa.
Palaeogeogr. Palaeoc/imatol., Palaeoecol., 27:
67-84.

LELE, K. M. (1975). Studies in the Talchir flora
of India-lO. Early and Late Talchir microfloras
from the West Bokaro Coalfield, Bihar. Palaeo­
botanist, 22(3): 219-235.

LELE, K. M. & CHANDRA,A. (1973). Studies in the
Talchir flora of India-8. Miospores from the
Talchir Boulder Bed and overlying Needle shales
in the Johilla Coalfield (M.P., India). Palaeo­
botanist, 20(1): 39-47.

LELE, K. M. & KARIM, R. (1971). Studies in the
Talchir flora of India-6. Palynology of the
Talchir Boulder beds in the Jayanti Coalfield,
Bihar. Palaeobotanist, 19(1): 52-69.

LELE,K. M. & MAKADA,R. (1974). Palaeobotanical

evidence on the age of coal-bearing Lower
Gondwana Formation in the Jayanti Coalfield,
Bihar. Palaeobotanist, 21(1): 81-106.

MANUM, S. B. & TIEN, N. D. (1973). Palynostrati.
graphy of the Ketewaka Coalfield (Lower Per­
mian), Tanzania. Rev. Palaeobot. Palynol., 16:
213-227.

Pawls, G. D. (1979). Palynology of the Late Palaeo­
zoic glacial sequence, Canning Basin, Western
Australia. Ph.D. Thesis (unpublished). Univ.
of Western Australia.

SEGRaVES,K. L. (1970). The sequence of palyno­
logical assemblages in the Permian of the Perth
Basin, Western Australia. Proc. 2nd Gondwana
Symp. South Africa (1970), C.S.I.R. Pretoria:
511-529.

UTTING, J. (1976). Pollen and spore assemblages
in the Luwumbu Coal Formation (Lower Karroo)
of the North Luwumbu Valley, Zambia, and
their biostratigraphic significance. Rev. Palaeo­
bot. Palynol., 21: 295-316.

UTTfNG, J. (1978). Lower Karroo pollen and spore
assemblages from the coal measures and under­
lying sediments of the Siankondobo Coalfield,
Mid-Zambesi Valley, Zambia. Palynology, 2:
53-68.




