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The detailed palynostratigraphic study of four boreholes in the Muarádzi sub-basin, Moatize-Minjova Coal Basin
(MMCB) southeast of Moatize, allowed the assignment of relative ages to the stratigraphic units. Three assem-
blageswere studied in detail and are assigned to the Lopingian. Assemblage L1 is characterized by the rich occur-
rence of Guttulapollenites and Weylandites. Assemblage L2 is defined on the first occurrence (FO) of abundant
Thymospora pseudothiessenii together with Indotriradites niger, Kraeuselisporites spp., Polypodiisporites mutabilis
and Polypodiidites sp. Assemblage L3 is characterized by the first occurrence of Osmundacidites senectus together
with the taxa described from the previous assemblages. Palynological correlation with other Karoo basins is
discussed and three distinct palynostratigraphic events emerge based on the FO and abundance of key taxa (as
for instance, FO of G. hannonicus, T. pseudothiensenii and O. senectus). A close palynological correlation between
Mozambique (Moatize-Minjova Basin), Tanzania (Selous Basin), Zambia (mid-Zambezi Basin) and Madagascar
palynoevents is established. This major region can be assigned to the northern Karoo-aged basins of south-
central Africa and the palynoevents can be correlatedwith Lopingian assemblages of Pakistan, India and some ba-
sins of East Antarctica. The southern Karoo-aged basins of south-central Africa, including South Africa and
Zimbabwe, show different Lopingian palynoevents and a direct correlation is demanding. These palynological
datamay open newperspectives for coal exploration in theMMCBas the coal deposits show awider stratigraphic
distribution, reaching until the latest Lopingian.

© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Sedimentary successions of the Karoo Supergroup, ranging in age
from the Permian to the Lower Jurassic, are well represented in various
basins situated along the Zambezi River valley in the Tete Province,
central-westMozambique (Fig. 1). These sequenceswere unconformably
deposited over crystalline Precambrian basement rocks. Currently, the
presence of widespread coal seams located in the lower part of the
Karoo stratigraphic sequences, represents an important natural resource
and asset for Mozambique's economy (Cairncross, 2001; Lächelt, 2004;
ental (CIMA), Universidade do
Vasconcelos, 2013; Hancox, 2016). Likewise, coal and coal-bearing rock
strata also constitute valuable sedimentary archives to better understand
the paleoclimatic and paleoecological changes that affected terrestrial
ecosystems in this region during the late Paleozoic (Retallack, 1995,
2013; Gastaldo et al., 1996; Wignall, 2007; Retallack, 2013). Major cli-
matic changes that followed the late Carboniferous–early Permian glaci-
ationwere recorded in these sequences, and the transition from icehouse
to greenhouse conditions are registered in the palynological record
(Falcon et al., 1984; Götz and Ruckwied, 2014; Ruckwied et al., 2014;
Wheeler and Götz, 2016; Götz et al., 2017). Following upwards, the
Karoo stratigraphic sequences in this region also holds the record of
the end-Permian mass extinction, as well as the global warming trend
of the Triassic Period, attested by the rapid change from coal swamps
to arid environments which are characterized in the stratigraphy by
the deposition of red-beds (Retallack et al., 1996; Lindström and
McLoughlin, 2007; Pereira et al., 2016). Palynology can provide the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.revpalbo.2019.06.006&domain=pdf
https://doi.org/10.1016/j.revpalbo.2019.06.006
zelia.pereira@lneg.pt
Journal logo
https://doi.org/10.1016/j.revpalbo.2019.06.006
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/revpalbo


Fig. 1. Simplifiedgeologyof the Province of Tete,Mozambique,with the location of theKaroo rocks and basins. Adapted fromCarta GeológicaRepública deMoçambique, Escala 1/1 000 000
(2008) and Galasso et al. (2019)
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most needed chronological framework to the continental stratigraphic
successions studied herein, as well as a better understanding of the
tectono-stratigraphy and geological history of the area in the late Paleo-
zoic/early Mesozoic (Lopes et al., 2014; Pereira et al., 2016; Barbolini
et al., 2016a, 2016c, 2018; Götz et al., 2018).

In this work, a detailed account of the palynological content of four
cores drilled for coal exploration is presented. The cores were drilled
in the Muarádzi sub-basin of the main Moatize-Minjova Coal Basin
(MMCB), close to the northern contact with the basement rocks
(Figs. 2 and 3). This study allowed the assignment of relative ages to
the different stratigraphic units of the MMCB based on correlation
with other Karoo basins, and helped to constrain the paleogeography
of this basin within the supercontinent Gondwana.

2. Geological setting of the Moatize-Minjova Coal Basin and the
Muarádzi sub-basin

The boreholes studied in this workwere drilled in theMuarádzi sub-
basin of the MMCB. In Mozambique, the Karoo sedimentary outcrops
extend along the Zambezi River valley, in the Tete Province (Fig. 1).
Differences in the stratigraphy, tectonics and geographic position of
these outcrops, allow their division into three different coal-bearing ba-
sins which are, from west to east, the Chicôa-Mecúcoè, the Sanângoè-
Mefidézi, and the Moatize-Minjova basins, respectively (Lächelt, 2004;
GTK Consortium, 2006) (Fig. 1). These basins are part of a network of
rift related basins that formed north of the main Karoo Basin, during
Permian to Lower Jurassic. The brittle reactivation of high strain zones
(e.g. the Sanângoé Shear Zone) of the Zambezi Belt during the Pan-
AfricanOrogeny (620–530Ma), promoted the development of these ba-
sins (Carvalho, 1977; Afonso, 1975; Afonso, 1984; Pinna et al., 1993;
Jamal, 2005; GTK Consortium, 2006; Norconsult Consortium, 2007;
Grantham et al., 2008; Viola et al., 2008) (Fig. 1). The tectonic fault-
related reactivation started in the early Permian by the initiation of
strike-slip faulting under a transtensional stress regime that formed ex-
tensional basins with graben to half graben geometry (Carvalho, 1977;
Hankel, 1994; Lächelt, 2004; Catuneanu et al., 2005; GTK Consortium,
2006).

The MMCB has a predominantly NW–SE trend, extending from the
region of Tete city to the border with Malawi (Fig. 1). The basin is fur-
ther divided into five sub-basins or areas based on different lithological
and geographical characteristics: Moatize-Benga (abbreviated hereafter
by Moatize sub-basin), Muarádzi, Minjova, N'Condédzi and Mutarara
sub-basins (Fig. 1). In the Moatize and Muarádzi sub-basins (Fig. 2)
siliciclastic successions are fault-bounded with basement rocks to the
NE and the SW of the basin. The stratigraphic succession of the latter
sub-basin unconformably overlies gabbro and anorthosite rocks of
Mesoproterozoic age belonging to the Tete Suite in the NE, whereas
the Mesoproterozoic Chacocoma and Mungári granites and
Neoproterozoic metamorphic rocks of the Guro Suite underlye the
siliciclastic succession to the SW (GTK Consortium, 2006) (Fig. 2).



Fig. 2.Geology of theMoatize –Minjova Coal basin in the region of Tete, with the location of the two actives coalmines (ValeMoatize and ICVL Benga) and the location of the studied area.
Adapted from Geological Map of Mozambique, sheet no. 1633, Tete, Geological Series 1/250,000, Direcção Nacional de Geologia, Maputo (2006).
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The geology of the Moatize sub-basin is well known due to its im-
portance in coal exploitation, and the type-sections defined in this
sub-basin are historically labeled as the type coal sections of the
Karoo Basins in Mozambique. Therefore, the geology of the Moatize
sub-basin will be summarized here and the possible correlations
with the Muarádzi sub-basin will be highlighted. The Karoo Super-
group in the Moatize sub-basin, following upwards, comprises four
stratigraphic units: the Vúzi, Moatize, Matinde and Cádzi formations
(GTK, 2006; Paulino et al., 2010) (Fig. 3). The Vúzi Formation
rests unconformably on igneous and metamorphic Precambrian
basement rocks, and consists of unsorted clast to matrix-supported
conglomerates interbedded with sandstones and thin siltstones–
mudstones beds deposited in glacial to periglacial environments. The
thickness of this formation is variable throughout the Moatize sub-
basin. Based on previous lithostratigraphic studies (GTK Consortium,
2006; Achimo et al., 2014), the Vúzi Formation was correlated to the
upper part of the Dwyka Group in the main Karoo Basin of South
Africa, and a late Pennsylvanian to early Permian age was attributed
to this formation (GTK Consortium, 2006; Paulino et al., 2010;
Achimo et al., 2014). Recently, Pereira et al. (2014) and Lopes et al.
(2014) disputed this assumed age for the Vúzi Formation, and a
Kungurian–Roadian age was recognized in the top of this formation
based on palynology. This age was obtained from the study of two
coal exploration boreholes. These boreholes were located in the
Muarádzi sub-basin, and suggested a younger age for the final phase
of the late Paleozoic Gondwana glacial deposition in Mozambique or
alternatively, the conglomerates of these two boreholes are not glacial
deposits, but sediments that accumulated in coarse alluvium fans re-
lated to fault activity, that occurred during the episodes of the basin
formation (Carvalho, 1977).



Fig. 3. Stratigraphic chart of the Moatize –Minjova Coal Basin (GTK, 2006 & Paulino et al., 2010), its comparison and re-interpretation according to recent palynological studies (Pereira
et al., 2014; Lopes et al., 2014; Pereira et al., 2016; Götz et al., 2017; Götz et al., 2018) including the results of this study.

81Z. Pereira et al. / Review of Palaeobotany and Palynology 269 (2019) 78–93
Following upwards, the Moatize Formation was conformably depos-
ited above the Vúzi Formation. All the important and economic coal
seams are part of the Moatize Formation, which consists of six coal
zones that are intercalated with sandstone dominated sequences. The
coal zones or “Carbonaceous Complexes” are in ascending stratigraphic
order: Sousa Pinto, Chipanga, Bananeiras, Intermédia, Grande Falésia and
André. These zones consist of alternating coal beds, carbonaceous mud-
stones, siltstones and fine-grained sandstones. All these lithologies have
variable thicknesses throughout the basin; for instance, the coal seams
can attain thicknesses ranging from over 2m to few centimeters (barcode
coal). The sandstone-dominated sequences occur intercalated with the
coal zones and consist of coarse to medium grained sandstones showing
erosive bases, graded-bedding and cross-stratification at different scales.
The Moatize Formation beds are interpreted as being deposited in fluvial,
deltaic and lacustrine environments (GTK, 2006; Bicca et al., 2017; Götz
et al., 2018). Paleobotanic and palynomorph studies suggest a Cisuralian
toGuadalupian age for this formation,which is correlatedwith theMiddle
to Upper Ecca Group of the Main Karoo Basin of South Africa (Teixeira,
1943; 1946; 1947; 1951; 1952; Daber, 1984;Mugabe, 1999). TheMatinde
Formation conformably overlays the Moatize Formation and consists of a
thick fluvial deposited succession, ca. 2 km thick, of alternating conglom-
erates, sandstones, siltstones andmudstones, with some coal bedsmostly
concentrated near the base of its succession (GTK, 2006). Based only on
the stratigraphic position, a Guadalupian to Lopingian age is assumed for
the Matinde Formation (GTK, 2006; Paulino et al., 2010). This unit is cor-
relatedwith theMiddle - Upper EccaGroup of themain Karoo Basin (GTK,
2006; Paulino et al., 2010).

In the Muarádzi sub-basin, palynological studies revealed the pres-
ence of thick Lopingian (ca. 500 m) successions, and the Permian–
Triassic transition is thought to be found in two of the studied boreholes
based on stratigraphic and palynological data (Pereira et al., 2016)
(Figs. 3 and 4). This new palynological evidence indicates that the
upper part of the Matinde Formation seems to be Lopingian in age.
The coal deposits were accumulated until the latest Permian, extending
the age of the coal deposition inMozambique. This inference shows that
the coal deposits and coal depositional environments are not limited to
the Moatize Formation. Furthermore, the lower three stratigraphic
formations of the Karoo Supergroup in the Moatize and Muarádzi
sub-basins encompass all the Permian interval (Lopes et al., 2014;
Pereira et al., 2014, 2016).

The stratigraphic succession of the Karoo Supergroup in theMoatize
sub-basin ends with the deposition of the Cádzi Formation, which con-
sists mainly of red beds (conglomerates, sandstones, variegated mud-
stones with minor marls and limestone beds) (GTK, 2006). The Cádzi
Formation lithologies were deposited in fluvial environments, in hot
and arid conditions (GTK, 2006). Once more, based solely on strati-
graphic relations, a Lopingian to early Triassic age was attributed to
this formation, which was correlated with the Beaufort Group of the
main Karoo Basin (GTK, 2006; Paulino et al., 2010). According to more
recent palynological studies (Galasso et al., 2019) a Lower to Upper Tri-
assic age was attributed to the Cádzi Formation in the N'Condezi sub-
basin.

3. Material and methods

Sixty-four core samples were collected for palynostratigraphic stud-
ies from four coal exploration boreholes (ETA 25, ETA 71, ETA 75, and
ETA 135) drilled in the Muarádzi sub-basin, Moatize-Minjova Coal
Basin, southeast of Moatize. Fig. 4 shows the location of the boreholes
discussed in thiswork. In this study, 35 samples proved productive, con-
taining moderately preserved palynomorphs. A minimum of 200
palynomorphs was counted per slide (Tables 1–4), and the following
terminology was used to describe the relative abundances: Abundant
(N50%); Common (10–50%) and Rare (b10%).

The palynological samples presented in this paperwere treatedwith
standard palynological laboratory procedures to extract and concen-
trate the organic residues. These were oxidized using fuming nitric
acid for about 1 min (Wood et al., 1996; Riding and Warny, 2008). All
samples, residues, and slides are held in the Collection of the Geological
Survey of Portugal, LNEG, S. Mamede de Infesta, Portugal, and the
University of the Algarve, Portugal.

4. Borehole description

Two of the four studied coal exploration boreholes (ETA 25 and ETA
135) penetrated the basement rocks at its base, whereas the other two



Fig. 4. (a) Detailed geology of the studied region with the location of the boreholes. (b) Interpretative cross-section of the boreholes studied and including boreholes DW123 and DW132
described in Pereira et al. (2016). Adapted from Geological Map of Mozambique, sheet no. 1633, Tete, Geological Series 1/250,000, Direcção Nacional de Geologia, Maputo (2006).
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(ETA 71 and 75) were drilled until conglomerate beds of variable thick-
nesses were encountered (see Fig. 5).

With a total depth of ca. 201 m (Fig. 5), borehole ETA 25 is the
deepest and was drilled between the Muarádzi River to the South, and
the gabbros–anorthosites of the Tete Suite to the North (Fig. 4). This
borehole penetrated, at its base, 5 m of crystalline basement rocks
(anorthosites) belonging to the Tete Suite. The basement rocks are
unconformably overlain by a 10 m thick fining-upward sequence com-
prising a matrix-supported conglomerate (diamictites) that passes
upwards to centimetric beds of siltstones interbedded with black mud-
stones. Overlying this sequence there is a 40 m thick mudstone domi-
nated interval interbedded with a 2 m thick coal seam and several
centimetric thick coal lenses (barcode coal). The interval between 149
and 115 m, in depth, is characterized by medium to thick sandstone
beds interbedded with centimetric thick siltstones and mudstones.
This is followed by a 7 m thick mudstone interval, that passes upwards
to a dominantly siltstone–mudstone interval (106–76 m depth). From
76 m depth to the top of the borehole, the succession consists of black



Table 1
Borehole ETA 25 palynomorph assemblages, Muarátzi sub-basin, Moatize-Minjova Coal Basin, Mozambique. The numbers represent the group percentages of the respective taxon within the overall palynoflora. A. Abundant (N50%); C. Common
(10–50%) and R. Rare (b10%). A = Algae and incertae sedis.
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Borehole ETA 75 palynomorph assemblages, Muarátzi sub-basin, Moatize-Minjova Coal Basin, Mozambique. The numbers represent the group percentages of the respective taxon within the overall palynoflora. A. Abundant (N50%); C. Common
(10–50%) and R. Rare (b10%). A = Algae and incertae sedis.
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Table 3
Borehole ETA 135 palynomorph assemblages Borehole, Muarátzi sub-basin, Moatize-Minjova Coal Basin, Mozambique. The numbers represent the group percentages of the resp tive taxon within the overall palynoflora. A. Abundant (N50%); C.
Common (10–50%) and R. Rare (b10%). A = Algae and incertae sedis.
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mudstones that alternate with black carbonaceous mudstones and thin
beds of coal (barcode coal). Sixteen samples were collected for palynol-
ogy, yet only five samples yielded moderately to well-preserved
palynomorphs (Fig. 5).

With a total depth of 33.4 m, ETA 71 is the shallowest of the studied
boreholes (Fig. 5). At its base, the succession startswith ca. 9mof a thick
sequence of matrix-supported conglomerates interbedded with cm-
thick lenses of siltstones and black mudstones. These lithologies are
followed upwards by a 27.4 m thick sequence of dominantly black car-
bonaceous mudstones, siltstones and thin (cm-thick) coal beds. Nine
samples, located in the lower-half part of the borehole were collected,
and only one was barren of palynomorphs (Fig. 5).

Borehole ETA 75 has a total depth of 111.42m (Figs. 5). At a depth of
approximately 95 m to total depth, the succession consists of matrix-
supported conglomerates interbedded with thin beds of gray siltstones
and mudstones.

The sequence is followed upwards by a 45 m thick sequence (from
95 to 50 m depth) of fine-grained lithologies consisting of black carbo-
naceous mudstones interbedded with gray mudstones, siltstones and
thin coal beds. Between ca. 75 and 80m depth, two doleritic sills are in-
truded in the succession. From 50 m depth to the top of the borehole,
the succession is characterized by coarse to medium grained sandstone
beds interbeddedwith rare and thin beds of gray siltstones. Fifteen sam-
pleswere processed for palynological studies, and only twowere barren
(Fig. 5).

Borehole ETA 135 has a total depth of 81.3 m and penetrated, at its
base, a 3 m thick sequence of basement rocks consisting of anorthosites
belonging to the Tete Suite (Fig. 5). The basement rocks are unconform-
ably overlain by ca. 8 m of clast to matrix-supported conglomerates
interbedded with thin beds of siltstones and black mudstones. A
fine-grained interval consisting of siltstones interbedded with black
carbonaceous mudstones and minor coal beds was deposited between
approximately 70 and 35 m depth. From 35 to 28 m depth the succes-
sion consists of black carbonaceous mudstones interbedded with thin
beds (b30 cm) of coal. The top 28 m of the succession consists of silt-
stones interbedded with black carbonaceous mudstones. Twenty-four
samples were collected and processed for palynology, but only nine
were positive for palynomorphs (Fig. 5).

In the studied boreholes, it was not possible to recognize the strati-
graphic succession of the Moatize Formation defined in the Moatize
sub-basin, namely, the several Coal Seams (Carbonaceous Complexes).
According to the standard stratigraphy of the KSG in Mozambique, the
conglomerate beds that unconformably overlay the basement rocks be-
long to the Vúzi Formation, while the mudstones and black carbona-
ceous mudstones that are located stratigraphically above them, are
the oldest beds of the Moatize Formation that include the oldest Coal
Seam (Sousa Pinto).According to a recent study by Götz et al. (2018),
the palynology of borehole 945L_002 located in the ICVL Benga mine
(Fig. 2), indicates an Artinskian age (Fig. 3). Borehole (948L_0005;
Fig. 3) also drilled in the same area, intersected a succession with
three coal seams, attributed to the Matinde Formation (Götz et al.,
2017). Mudstone samples from this borehole yielded palynomorph as-
semblages indicating an early Guadalupian to early Lopingian age for
the entire succession.

5. Palynological results

The quantitative and qualitative distribution of the palynomorph as-
semblages in the four studied boreholes enabled the identification of
three diverse assemblages (Costa, 2015; Correia, 2016; Vaz, 2017).
These are characterized by the first occurrence (FO) of particular taxa
and the relative abundance of prominent taxa (Tables 1–4).
Stratigraphically important taxa are illustrated in Plates I–IV. Following
the stratigraphic order, the assemblages are:

Assemblage L1: The oldest assemblage is characterized by a clear
dominance of non-taeniate and taeniate bisaccate pollen grains.
Characteristic components of the assemblage are Alisporites spp.,
Protohaploxypinus spp. (e.g., P. diagonalis, P. goraiensis, and P. limpidus),
and Striatopodocarpites spp., as well as rare to common Cycadopites
cymbatus, Hamiapollenites sp., Lueckisporites virkkiae, Marsupipollenites
striatus, M. triradiatus. and Vittatina spp. Common to abundant
Guttulapollenites hannonicus, Weylandites lucifer, W. magnus, and
Pakhapites sp. (of large dimensions, 50–60 μm), and very rare
monossacates assigned to the taxa Cannanoropollis janakii,
Plicatipollenites gondwanensis, Plicatipollenites sp., and Striomonosaccites
sp. are also present in the assemblage.

Spores are common to abundant and include Apiculatisporis sp.,
Brevitriletes cornutus, Calamospora spp., Horriditriletes spp.,
Laevigatisporites spp., and rare Baculatisporites bharadwaji,
Baculatisporites sp., Cyclogranisporites sp., Granulatisporites
austroamericanus, Granulatisporites trisinus, Granulatisporites sp.
Punctatisporites sp., Striatosporites sp., and Verrucosisporites sp. (see
Tables 2 and 3).

Occurrence: Borehole ETA 135, sample interval MZ182 to MZ170;
Borehole ETA 75, sample intervalMZ35 toMZ26; Borehole ETA 25, sam-
ples MZ162 to MZ161 (Fig. 5).

Assemblage L2: This assemblage contains abundant Alisporites spp.
(e.g., A. landianus, A. maximus, A. ovatus, A. plicatus, and A. potoniei),
Protohaploxypinus spp. (e.g., Protohaploxypinus amplus, P. diagonalis,
P. goraiensis, P. hartii, and P. limpidus), and Striatopodocarpites spp.
(Striatopodocarpites cancellatus, S. fusus, and S. pantii), as well as com-
mon Guttulapollenites hannonicus, Pakhapites sp. (of large dimensions),
Vittatina fasciolata, V. scutata, Weylandites lucifer, and W. magnus.

Other rare to common pollen taxa occurring in this assemblage are:
Cycadopites follicularis, Corisaccites alutas, Lueckisporites virkkiae, and
Gnetaceaepollenites sinuosus. The latter occurs for the first time in bore-
hole ETA 25 within this assemblage. In addition, rare to common
Hamiapollenites spp., Marsupipollenites striatus, M. triradiatus and
Striatoabieites multistriatus are also observed.

Spores are rare to common and include Baculatisporites sp.,
Brevitriletes cornutus, Calamospora spp., Deltoidospora sp., Horriditriletes
filiformis, H. tereteangulatus, H. ramosus, Horriditriletes sp., Lophotriletes
sp., Punctatisporites sp., and Retusotriletes sp. The trilete spore taxa
Baculatisporites bharadwaji, Baculatisporites sp., Cyclogranisporites sp.,
Granulatisporites trisinus, Granulatisporites sp., Indotriradites niger,
Kraeuselisporites sp. Procoronaspora spinose, Verrucosisporites andersonii,
and common to abundant monolete spore taxa including
Polypodiisporites mutabilis, Polypodiidites sp., and Thymospora
pseudothiessenii (~Reticuloidosporites warchianus), occur for the first
time in this assemblage.

Occurrence: Borehole ETA 25, sample interval MZ160 to MZ154;
Borehole ETA 75, samples MZ25 toMZ21; borehole ETA 135, sample in-
terval MZ169 to MZ167 (Fig. 5).

Assemblage L3: The youngest of the three assemblages is character-
ized by a dominance of spores, which are better preserved than the pol-
len grains. The more common spore taxa in this assemblage include
Apiculatisporis unicus, Calamospora sp., Deltoidospora sp., Indotriradites
niger, Horriditriletes spp. (common to abundant H. tereteangulatus, and
rare H. curvibaculosus, andH. ramosus), Lophotriletes sp., Osmundidacites
senectus, and the monolete taxa Laevigatosporites spp. (L. colliensis and
L. vulgaris), Thymospora pseudothiessenii, and Polypodiisporites sp.

The assemblage is complemented with common to abundant non-
taeniate and taeniate bisaccate pollen grains containing
Protohaploxypinus spp. (e.g.,P. diagonalis, P. goraiensis, P. limpidus, and
P. microcorpus), Striatopodocarpites spp. (S. cancellatus, S. fusus, S.
gondwanensis, and S. pantii), and Alisporites spp. (e.g., A. landianus, A.
ovatus, A. plicatus, and A. potoniei), as well as rare to common
Guttulapollenites hannonicus, Corisaccites alutas, and Lueckisporites
virkkiae. More scarcely, Hamiapollenites sp., Limitisporites sp., and
Lunatisporites variesectus are also identified. The most common colpate
pollen grains are Pakhapites sp., Gnetaceaepollenites sinuosus, Vittatina
spp., Weylandites lucifer, and Weylandites magmus. Rare monosacate



Fig. 5. Lithological logs of the boreholes with the position of the samples studied.
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pollen grains are also present (Cannanoropollis janakii, Plicatipollenites
cf. P. gondwanensis and Potonieisporites novicus).

Osmundacidites senectus occurs in assemblage L3 for the first time,
sometimes occurring together with Protohaploxypinus microcorpus,
and is common in the assemblage (see Table 4).

Occurrence: Borehole ETA 71, sample interval MZ 52 to MZ 44
(Fig. 5).

Specimens of algae and incertae sediswere also identified in all bore-
holes (assemblages L1 and L2), as for instance, Peltacystia venosa,
Peltacystia sp., Tetraporina horologia (Zygnemataceae algae), and the
genus Leiosphaeridia (Prasinophyceae algae). Common to abundant
incertae sedis chlorophycean algae remains were recognized
(spheromorph cluster of 2 to more than 20 spherical individuals),
Plate I. Selected palynomorph specimens from theMuaradzi sub-basin, MMCB, Mozambique. P
erence, sample number, slide number, and microscope coordinates (MC). Scale bars: 50 μm. 1
Bharadwaj and Salujha, 1964; ETA 71, MZ 52, 1, MC 182-1080. 3. Horriditriletes curvibaculos
(Segroves) Backhouse, 1991, ETA 71; MZ 51, 1, MC 390-1071. 5. Horriditriletes tereteangulatus (
tereteangulatus (Balme and Hennelly) Backhouse, 1991, ETA 135, MZ 171, 2, MC 131-1498. 7. H
170, 1, MC 83-1423. 8. Granulatisporites austroamericanus Tiwari 1965, ETA 135, MZ 171, 1, M
Osmundacidites senectus Balme, 1970, ETA 71, MZ 52, 1, MC 182-1039. 11. Laevigatosporites c
MC 1100-660. 12. Laevigatosporites vulgaris (Ibrahim) Ibrahim 1933, ETA 75, MZ 28, 28-1-1, M
1014. 14. Polypodiisporites sp. Balme, 1970, ETA 25, MZ 160, 1, MC 147-1235. 15. Thymospora
1397. 16. Thymospora pseudothiessenii (Kosanke) Wilson and Venkatachala 1963, ETA 25, MZ 1
Reduviasporonites spp., and also some fungal hyphae remains and root
hairs were identified.

Assemblage L3 is marked by the presence of Peltacystia venosa,
Tetraporina gigantea (Zygnemataceae algae) and Leiosphaeridia sp.
(Prasinophyceae), as well as abundant chlorophycean algae incertae
sedis remains in clusters. These clusters, indicating the existence of colo-
nial forms of apparent algal origin, were reported in several southern
hemisphere Permian successions (Balme and Hennelly, 1956; Balme
and Segroves, 1966; Segroves, 1967; Zavattieri et al., 2017).

The rare to common occurrence of algae and phytoplankton may be
an indicator of the presence of a fluvial-lacustrine depositional environ-
ment. The palynodebris are dominated by brown and black wood and
common well-preserved cuticle fragments.
late captions give the taxonomic name of the figured specimen, followed by borehole ref-
. Baculatisporites sp., ETA 75, MZ 30, 30-1-1, MC 1008-457. 2. Horriditriletes curvibaculosus
us Bharadwaj and Salujha, 1964, ETA 71, MZ 52, 1, MC 226-1005. 4. Indotriradites niger
Balme and Hennelly) Backhouse, 1991, ETA 135, MZ 171, 2, MC 73-1110. 6. Horriditriletes
orriditriletes uruguaiensis (Marques-Toigo) Archangelsky and Gamerro 1979, ETA 135, MZ
C 111-1147. 9. Osmundacidites senectus Balme, 1970, ETA 71, MZ 52, 1, MC 383-1065. 10.
olliensis (Bharadwaj and Hennelly) Venkatachala and Kar, 1968, ETA 75, MZ 34, 34-1-1,
C 1025-501. 13. Polypodiisporites mutabilis Balme, 1970, ETA 71; MZ 52; Slide 1 MC 275-
pseudothiessenii (Kosanke) Wilson and Venkatachala 1963, ETA 25, MZ 166, 1, MC 180-
66, 1, MC 223-1405.



Plate II. Selected palynomorph specimens from the Muaradzi sub-basin, MMCB,
Mozambique. Plate captions give the taxonomic name of the figured specimen, followed
by borehole reference, sample number, slide number, and microscope coordinates (MC).
Scale bars: 50 μm. 1. Striatosporites heyleri (Doubinger) Playford and Dino 2000 ETA-75,
MZ 34, 34-1-1, MC 1033-601. 2. Striatosporites sp., ETA-75, MZ 34, 34-1-1, MC 955-577.
3. Cannanoropollis janakii Potonié and Sah 1960, ETA 135, MZ 171, 1, MC 175-1100. 4.
Plicatipollenites gondwanensis (Balme and Hennelly) Lele 1964, ETA 135, MZ 171, 2, MC
110-1132. 5. Striomonosaccites ovatus Bharadwaj 1962, ETA 135, MZ 176, 1, MC 190-1200.

Plate III. Selected palynomorph specimens from the Muaradzi sub-basin, MMCB,
Mozambique. Plate captions give the taxonomic name of the figured specimen, followed
by borehole reference, sample number, slide number, and microscope coordinates (MC).
Scale bars: 50 μm. 1. Scheuringipollenites ovatus (Balme and Hennely) Jansonius 1962,
ETA 135, MZ 171, 2, MC 183-1396. 2. Alisporites potoniei (Lakhanpal, Sah and Dube)
Somers 1968, ETA 135, MZ 176, 1, MC 156-1370. 3. Protohaploxypinus goraiensis Potonié
and Lele 1961, ETA 135, MZ 169, 1, MC 64-1384. 4. Protohaploxypinus limpidus (Balme
and Hennelly) Balme and Playford 1967, ETA 135, MZ 176, 1, MC 69-1280. 5. Corisaccites
alutas Venkatachala and Kar 1966, ETA 135, MZ 170, 1, MC 56-1281. 6. Guttulapollenites
hannonicusGoubin 1965, ETA 135, MZ 169, 1, MC 73-1289. 7. Guttulapollenites hannonicus
Goubin 1965, ETA 135, MZ 168, 1, MC 122-1098. 8. Striatopodocarpites cancellatus (Balme
and Hennelly) Hart 1963, ETA 135, MZ 171, 1, MC 158-1314. 9. Striatopodocarpites fusus
(Balme and Hennelly) Potonié 1956, ETA 135, MZ 167, 1, MC 110-1390.
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6. Age discussion, palynostratigraphic and paleophytogeographic
correlations across the Gondwana

The absence of independent age constrains in these continental
succession's hampers correlation of the Muarádzi sub-basin with
other Karoo basins, as well as with other regions of the Gondwana
paleophytogeographical province. However, in a more local context,
the Karoo basins in the paleogeographical regions close to
Mozambique, provide important palynostratigraphic correlations that
indicate relative age intervals for the established assemblages:
Tanzania (Msaky and Srivastava, 1997), Zambia (Utting, 1979;
Nyambe and Utting, 1997; Barbolini et al., 2016b), Zimbabwe (Falcon,
1975, 1978) and South Africa (Falcon et al., 1984; Steiner et al., 2003;
Prevec et al., 2010;MacRae, 1988; Aitken, 1998). Fig. 6 presents the pal-
ynological correlation of the Permo-Triassic transition across the Gond-
wana Basins, showing close palynological affinity with the MMCB of
Mozambique, as for instance Tanzania, Zambia and South Africa.

The proposed assemblages are informal and established only for
Mozambique. The correlation is based mainly in first occurrences (FO)
of selected taxa and abundance of characteristic species. Assemblage
L1 is characterized by the rich occurrence of Guttulapollenites and
Weylandites. Whereas Assemblage L2 is characterized by the first occur-
rence of abundant Thymospora pseudothiessenii together with
Indotriradites niger, Kraeuselisporites spp., Polypodiisporites mutabilis
and Polypodiidites sp., that also occurs for the first time in this assem-
blage, as well as most of the taxa of the preceding assemblage. Assem-
blage L3 is characterized by the first occurrence of Osmundacidites
senectus together with the taxa described from the previous
assemblages.
6.1. Local and regional correlations

On a local scale, and based on previous palynostratigraphic studies of
the Muarádzi and the N'Condédzi sub-basins (Pereira et al., 2016; Götz
et al., 2017, 2018; Galasso et al., 2019), a good palynological resolution
within the Mozambican sub-basins could be achieved for the studied
boreholes, and a Lopingian age was assigned to these assemblages
(Fig. 3). Recent studies of Borehole 948L_0005 located in the Moatize
sub-basin (Götz et al., 2017) allowed the identification of the key taxa
Guttulapollenites hannonicus and Lueckisporites virkkiae, in sample 9 at
ca. 70 m depth, which were correlated to the H′ zone of Falcon et al.
(1984), yielding a late Guadalupian to early Lopingian age. Assemblage
L1 (this work) is tentatively correlated with the upper part of Borehole
948L-0005, which includes the Coal Seams VU and XU.

In Tanzania, the Karoo Selous Basin (Hatambulo Formation, Pangani
and Sumbadzi members) presents a Lopingian age palynological
assemblage, based on the common presence of Alisporites app.,
Striatopodocarpites spp., and Protohaploxypinus spp., togetherwith the bio-
stratigraphic significant taxaGuttulapollenites hannonicus, Limitisporites sp.,
Lueckisporites sp., Platysaccus spp. and Weylandites spp. (Msaky and
Srivastava, 1997). This assemblage can be correlated with Assemblage L1
(this work) (see Fig. 6).



Plate IV. Selected palynomorph specimens from the Muaradzi sub-basin, MMCB, Mozambique. Plate captions give the taxonomic name of the figured specimen, followed by borehole
reference, sample number, slide number, and microscope coordinates (MC). Scale bars: 50 μm. 1. Pakhapites sp., ETA 135, MZ 171, 1, MC 42-1384. 2. Vittatina fasciolata (Balme and
Hennelly) Bharadwaj 1962, ETA 135, MZ 171, 2, MC 170-1473. 3. Vittatina scutata (Balme and Hennelly) Bharadwaj 1962, ETA-75, MZ 33, 33-1-1, MC 1044-457. 4. Marsupipollenites
triradiatus Balme andHennelly, 1956, ETA 71,MZ 51, 1, MC320-1115. 5.Marsupipollenites striatus (Balme andHennelly) Foster 1979, ETA 71,MZ 51, 1,MC 203-1042. 6.Weylandites lucifer
(Bharadwaj and Salujha) Foster 1975, ETA 71, MZ 44, 1 MC 325-0969. 7. Weylandites magmus (Bose and Kar) Backhouse, 1991, ETA 71, MZ 44, 1, MC 292-1001. 8. Gnetaceaepollenites
sinuosus (Balme and Hennelly) Bharadwaj and Srivastava 1969, ETA 135, MZ 168, 1, MC 135-1204. 9. Cycadopites cymbatus (Balme and Hennelly) Hart 1965, ETA 25, MZ 160, 1, MC
217-1193. 10. Peltacystia venosa Balme and Segroves, 1966, ETA 135, MZ 171, 2, MC 145-1430. 11. Tetraporina gigantea (Bose and Maheshwari) Backhouse, 1991, ETA 71, MZ 45, 1, MC
340-1014. 12. Leiosphaeridia sp., ETA 71; MZ 47, 1, MC 267-1002. 13. Chlorophycean algae incertae sedis (sphaeromorph cluster of two individuals) showing inner chloroplast bodies,
ETA 71, MZ 47, 1, MC 325-1081.

Fig. 6. Palynological correlation of the Permo-Triassic boundary across the Gondwana Basins that show close affinity with the MMCB of Mozambique.
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In theupper part of theGwembe Formation, in the lowermost unit of
the Zambezi Basin, the studied palynoassemblage is correlated with the
D. ericianus Zone of Backhouse (1991), the G. hannonicus–P. rugatus
Zone (Zone VI) of Aitken (1998), Zone K8 (Barbolini et al., 2018), As-
semblage Zone III of the mid-Zambezi Basin, Zimbabwe, and Biozone
KK 3 in the Kalahari Karoo Basin, Botswana, suggesting a Guadalupian
(Wordian-Capitanian) age (Barbolini et al., 2016c, Table 4). All these as-
semblages have common distinctive species as G. hannonicus and
T. pseudothiensenii (with exception of Biozone KK 3 in the Kalahari
Karoo Basin, Botswana, where both taxa are absent and therefore can-
not be correlated), which suggests a correlation with Assemblage L2
(this work) (see Fig. 6).

In southern Zambia (Zambezi Basin), two different assemblages
were identified (see Barbolini et al., 2016a). A Lopingian age assemblage
comprising Corisaccites alutas, Falcisporites australis, Guttulapollenites
hannonicus, Klausipollenites schaubergeri, Polypodiisporites
mutabilis, Protohaploxypinus goraiensis P. limpidus, P. microcorpus,
Striatopodocarpites spp., Reticuloidosporites warchianus (=T.
pseudothiessenii), Vittatina spp., and Weylandites lucifer was identified
in the upper Madumabisa Formation. The assemblage is correlated
with the Dulhuntyispora parvithola Zone of Backhouse (1991) and the
APP5 Zone of Price (1997), both dated as mid Wuchiapingian to late
Changhsingian (Laurie et al., 2016). Also, it is indicated as correlating
with the palynoflora of the Daptocephalus Assemblage Zone of the
lower and middle Balfour Formation in the main Karoo Basin in South
Africa (REF). The presence of P. microcorpus and Klausipollenites
schaubergeri correlates this assemblagewith Assemblage L3 (this study).

Assemblage L1 (thiswork), is also tentatively correlatedwith ZoneH
established in South Africa (Witbank Coal Fields/Northern Karoo South
African region) and Zimbabwe (Falcon, 1975, 1978; Falcon et al., 1984).
The first occurrence of Guttulapollenites hannonicus in the Main Karoo
Basin of South Africa is assigned at the base of Zone H (Falcon et al.,
1984), and it is suggested to be Guadalupian in age (Götz et al., 2017;
Barbolini et al., 2018; Jha et al., 2018). Barbolini et al. (2018) proposed
a palynozonation for the Main Karoo of South Africa, which presents
the first occurrence of G. hannonicus as the key event that determines
the base of palynozone K8, which is assigned a Capitanian age (see
Fig. 6). This palynozonation incorporates data from the several basins
(northern, southern and western) of Main Karoo Basin in South Africa.
In the present study study, it cannot be excluded an older first appear-
ance of Guttulapollenites hannonicus in the MMCB, as the succession is
truncated at its base.

6.2. Paleophytogeography and events correlations

During the Lopingian, three phytogeographic provinces have been
documented in the Gondwana Supercontinent, Lueckisporites in the
west (South America), Dulhuntyispora in the east (Australia,
Antarctica), and Guttulapollenites in the central part of the continent
(Madagascar, Pakistan and India) (Jha, 2006; Lindström and
McLoughlin, 2007; Stephenson, 2016; Jha et al., 2018). The palynologi-
cal signatures and main events are substantially different from one
province to the other (Backhouse, 1991; Lindström, 1996), which hin-
ders the establishment of paleogeographic correlations.

The palynological data analyzed in this study locatesMozambique in
the Central Gondwana Guttulapollenites paleophytogeographical prov-
ince, during the Lopingian, within the Glossopteris dominated Gond-
wana megafloral province (Jha, 2006; Stephenson, 2016; Pereira et al.,
2016; Jha et al., 2018). This province seems to extends across the Salt
Range (Pakistan), the Morondava Basin (Madagascar), the Selous
Basin (Tanzania), and Moatize-Minjova Basin (Mozambique), to the
north, mid-Zambesi Basin (Zambia) to the west, Godavari Basin
(South India) to the east, and Zimbabwe, South Africa and most proba-
bly Amery Basin (Antarctica) to the south (Balme, 1970; Hermann et al.,
2012; Srivastava and Jha, 1990; Jha, 2006; Vijaya, 2011; Jha et al., 2018;
Wright and Askin, 1987) (see Fig. 6).
Assemblages of the Morondava Basin, Madagascar (Lower
Sakamena Group), of Lopingian age, are dominated by common
Alisporites spp., Protohaploxypinus spp., Striatopodocarpites spp.,
Guttulapollenites hannonicus, Klausipollenites schaubergeri, Lueckisporites
virkkiae, Osmundacidites senectus, Protohaploxypinus microcorpus,
Polypodiisporites sp., Weylandites spp. On top of the succession rare
L. pellucidus occur (Wright and Askin, 1987). This assemblage can be
correlated with Assemblage L3 (this study).

In Pakistan, the occurrence of abundant Alisporites spp.,
Guttulapollenites hannonicus, Kraeuselisporites spp., Lueckisporites spp.,
Playfordiaspora sp., Protohaploxypinus spp., Striatopodocarpites spp. and
Weylandites lucifer characterizes Lopingian age assemblages (Balme,
1970; Hermann et al., 2012), which can be correlated with Assemblage
L1 (this study).

Recently, in a synthesis of the palynological data from the Gondavari
Graben, south India (Kar and Srivastava, 2003; Jha et al., 2007; Murthy
et al., 2010; Vijaya et al., 2012; Aggarwal and Jha, 2013; Tewari et al.,
2015; Jha et al., 2018), a Changhsingian age (latest Lopingian) palynolog-
ical assemblage (Assemblage IX) is described. This palynoassemblage is
characterized by the dominance of striate bisaccates
(Striatopodocarpites, Faunipollenites) and taeniates (Guttulapollenites,
Lunatisporites, Corisaccites) along with some stratigraphically significant
taxa such as, Alisporites spp., Densipollenites magnicorpus, Klausipollenites
spp., Falcisporites spp., Striatisulcites ovatus, Tiwarisporites sp.,
Osmundacidites sp. and Weylandites spp. These data indicate a possible
correlation with Assemblage L3 (this study).

In Prince Charles Mountain, Antarctica, latest Lopingian age assem-
blages include common Alisporites (including A. splendens and
A. tenuicorpus), Ephedripites sp., Protohaploxypinus spp., and
Striatopodocarpites spp. Spores assigned to the genera Osmundacidites,
Horriditriletes, Lophotriletes, and Laevigatosporites increase in abundance
towards the top of the sequence (Lindström and McLoughlin, 2007).
This assemblage is tentatively correlated with the Assemblage L3 of
late Lopingian age (this study).

As we compare the palynological events through the Karoo basins,
distinct palynostratigraphic events occur based on the FO and abun-
dance of key taxa (as for instance, FO of G. hannonicus,
T. pseudothiensenii andO. senectus). A close palynological correlation be-
tween Madagascar, Tanzania (Selous Basin), Zambia (mid Zambezi
Basin), and Mozambique (Moatize-Minjova Coal Basin) can be identi-
fied (see Fig. 6). This major region can be allocated to the northern
Karoo-aged basins of south-central Africa (Catuneanu et al., 2005).
The northern Karoo-aged basins palynoevents also showmany similar-
ities with the Lopingian assemblages of Pakistan, India and some basins
of East Antarctica. However, the southern Karoo-aged basins, which in-
clude South Africa and Zimbabwe, show a completely different distribu-
tion of the palynoevents through the Permian successions, and a direct
correlation is difficult to establish. A possible explanation for this feature
may be differences in the latitudes or the presence of a phytogeographic
barrier between the main Karoo Basin and the other Karoo basins lo-
cated north of it. This topographic barrier could have been the
Cargonian Highlands that extended further north occupying the major-
ity of the Zimbabwe Craton (Isbell et al., 2008). This prominent highland
region could have persisted during the Permian, preventing the fully ex-
change of floras between these two regions (see Fig. 6). More studies
are needed to ascertain this last point.

The palynological data obtained in this study also opens new per-
spectives for coal exploration in the MMCB. This study indicates that
the coal deposits of the basin have a wider stratigraphic distribution,
reaching the latest Lopingian, and are not restricted to the Cisuralian-
Guadalupian age, as it is commonly accepted (Falcon et al., 1984; GTK,
2006) (Fig. 3). In general, and concerning the coal deposits stratigraphy,
the coal-bearing age deposits of the northern Karoo-aged basins of
south-central Africa seems to have a wider stratigraphic range when
compared with the southern Karoo-aged basins, suggesting a
paleolatitude, climatic/tectonic controlled location within Gondwana.
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7. Conclusions

The main results of this study are summarized below:

Three palynological assemblages were identified and studied in de-
tailed, and are assigned to the Lopingian. Assemblage L1 is character-
ized by the commonoccurrence ofGuttulapollenites andWeylandites.
Assemblage L2 is defined on the first occurrence of abundant
Thymospora pseudothiessenii together with Indotriradites niger,
Kraeuselisporites spp., Polypodiisporites mutabilis, and Polypodiidites
sp. Assemblage L3 is characterized by the first occurrence of
Osmundacidites senectus together with the taxa described from the
previous assemblages.
A close palynological correlation between Mozambique (Moatize-
Minjova Basin), Tanzania (Selous Basin), Zambia (mid-Zambezi
Basin), and Madagascar palynoevents is established. This major re-
gion can be assigned to the northern Karoo-aged basins of south-
central Africa, and the palynoevents can be correlated with
Lopingian assemblages of Pakistan, India, and some basins of
Antarctica (East). Southern Karoo-age basins that include South
Africa and Zimbabwe show distinct Lopingian palynoevents, and a
direct correlation is difficult to achieve.
The recently obtained palynological data opens newperspectives for
coal exploration in the MMCB as the coal deposits show a wider
stratigraphic distribution, reaching until the latest Lopingian.

8. List of taxa

8.1. Spores

?Cristatisporites sp.
Acanthotriletes sp.
Apiculatisporis sp.
Apiculatisporis unicus (Tiwari) Bharadwaj and Srivastava 1969
Baculatisporites bharadwaji Hart 1963
Baculatisporites sp.
Brevitriletes cornutus (Balme and Hennelly) Backhouse, 1991
Brevitriletes sp.
Calamosporamicrorugosa (Ibrahim) Schopf,Wilson and Bentall 1944
Calamospora obscura Kosanke 1950
Calamospora plicata Hart 1065
Calamospora rugosa (Ibrahim) Schopf, Wilson and Bentall, 1944
Calamospora sp.
Striatosporites heyleri (Doubinger) Playford and Dino 2000
Striatosporites sp.Cyclogranisporites sp.
Fabasporites sp.
Horriditriletes curvibaculosus Bharadwaj and Salujha 1964
Horriditriletes ramosus (Balme andHennelly) Bharadwaj and Salujha

1964
Horriditriletes tereteangulatus (Balme and Hennelly) Backhouse, 1991
Horriditriletes uruguaiensis (Marques-Toigo) Archangelsky and

Gamerro 1979
Horriditriletes sp.
Indotriradites niger (Segroves) Backhouse, 1991
Kraeuselisporites cf. K. enormis Segroves 1970
Kraeuselisporites sp.
Laevigatosporites colliensis (Bharadwaj and Hennelly) Venkatachala

and Kar, 1968
Laevigatosporites vulgaris (Ibrahim) Ibrahim 1933
Laevigatosporites sp.
Deltoidospora directa (Balme and Hennelly) Norris 1965
Deltoidospora sp.
Lophotriletes sp.
Granulatisporites austroamericanus Archangelsky and Gamerro 1979
Granulatisporites trisinus Balme andHennelly, 1956Granulatisporites sp.
Osmundacidites senectus Balme, 1970
Polypodiidites sp. sensu Balme, 1970
Polypodiisporites mutabilis Balme, 1970
Procoronaspora spinosa (Anderson) Backhouse, 1991
Punctatisporites sp.
Retusotriletes sp.
Thymospora pseudothiessenii (Kosanke) Wilson and Venkatachala

1963
Verrucosisporites andersonii Backhouse 1988
Verrucosisporites sp.

8.2. Pollen

Alisporites landianus Balme, 1970
Alisporites maximus (Hart) Tiwari 1973
Scheuringipollenites ovatus (Balme and Hennelly) Foster 1975
Alisporites plicatus Jizba 1962
Alisporites potoniei (Lakhanpal, Sah and Dube) Somers 1968
Alisporites sp.
Cannanoropollis janakii Potonie and Sah 1960
Cannanoropolis sp.
Corisaccites alutas Venkatachala and Kar 1966
Cycadopites cymbatus (Balme and Hennelly) Hart 1965
Cycadopites sp.
Florinites sp.
Gnetaceaepollenites sinuosus (Balme and Hennelly) Bharadwaj and

Srivastava 1969
Gnetaceaepollenites sp.
Guttulapollenites hannonicus Goubin 1965
Guttulapollenites sp.
Illinites sp.
Limitisporites sp.
Lueckisporites virkkiae Potonié and Klaus 1954
Lueckisporites sp.
Lunatisporites variesectus Archangelsky and Gamerro 1979
Lunatisporites sp.
Marsupipollenites striatus (Balme and Hennelly) Foster 1979
Marsupipollenites triradiatus Balme and Hennelly, 1956
Pakhapites sp.
Platysaccus papilionis Potonié and Klaus 1954
Platysaccus sp.
Plicatipollenites gondwanensis (Balme and Hennelly) Lele 1964
Plicatipollenites cf. gondwanensis (Balme and Hennelly) Lele 1964
Plicatipollenites sp.
Potonieisporites novicus Bharadwaj 1954
Potonieisporites cf. P. novicus Bhardwaj 1954
Potonieisporites sp.
Protohaploxypinus diagonalis Balme, 1970
Protohaploxypinus goraiensis (Potonié and Lele) Hart 1964
Protohaploxypinus limpidus (Balme and Hennelly) Balme and

Playford 1967
Protohaploxypinus microcorpus (Schaarschmidt) Clarke 1965
Protohaploxypinus sp.
Striatoabieites multistriatus (Balme and Hennelly 1955) Hart 1964
Striatomonosaccites sp.
Striatopodocarpites cancellatus (Balme and Hennelly) Hart 1963
Striatopodocarpites fusus (Balme and Hennelly) Potonie 1956
Striatopodocarpites gondwanensis Hart 1964
Striatopodocarpites pantii (Jansonius) Balme, 1970
Striatopodocarpites sp.
Striomonosaccites ovatus Bharadwaj 1962
Striomonosaccites sp.
Vittatina costabilisWilson 1962
Vittatina fasciolata (Balme and Hennelly) Bharadwaj 1962
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Vittatina scutata (Balme and Hennelly) Bharadwaj 1962
Vittatina sp.
Weylandites lucifer (Bharadwaj and Salujha) Foster 1975
Weylandites magmus (Base and Kar) Backhouse, 1991

8.3. Algae and incertae sedis

Chlorophycean algae incertae sedis (sphaeromorph clusters)
Horoginella sp.
Leiosphaeridia sp.
Peltacystia sp.
Peltacystia venosa Balme and Segroves, 1966
Tetraporina gigantea (Bose and Maheshwari) Backhouse, 1991
Tetraporina horologia (Staplin) Playford 1963
Reduviasporonites chalastus (Foster) Elsik, 1999
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