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BIOMETRIC STUDY OF PLICATIPOLLENITES LELE AND
POTONIEISPORITES BHARDWA] IN THE LOWER GONDWANA
FORMATIONS OF THE HUTAR COALFIELD, BIHAR, INDIA

K. M. LELE & MANOQOJ SHUKLA
Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India

ABSTRACT

The data on the morphological trends of the Plicatipollenites|Potonieisporites popula-
tions worked out from Talchir to Barakarin the Hutar Basin are investigated. These
trends are compared with the average picture obtained earlier from the synthesis of five
basins. This study reveals that there is a reasonable degree of similarity between the
morphological evolutionary trends of the Plicatipollenites/Potonieisporites populations

of the Hutar basin and those obtained in the synthesis from the five Lower Gondwana
basins by Lele and Shukla.
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ORPHOLOGICAL transitions bet- study of morphological variations through
M ween  Plicatipollenites Lele and time. It was, therefore, considered useful
Potonieisporites  Bhardwaj have to work out in greater detail the morpho-

been noted by several earlier workers
(Potonié & Lele, 1961, Lele, 1964, 1974,
Maheshwari, 1967). Recently a detailed
biometric study on morphological variation
of the two genera through the Talchir to
the Lower Barakar times has been published

logical/evolutionary trends of the Plicati-
pollenites-Potonieisporites populations in the
Hutar Basin and demonstrate their
compatibility with the general picture syn-
thesized earlier by Lele and Shukla (1978)
from the five Lower Gondwana basins.

by Lele and Shukla (1978). In this syn-
thesis, five Lower Gondwana basins, viz.,
South Rewa, Jayanti, Giridih, North
Karanputa and Hutar were investigated.
Of these basins, the data worked out from
the Hutar Basin has a particular significance
because here a more or less complete stratal
sequence from the Talchir to the Barakar
is available for carrying out a successional
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The present paper deals with this objec-
tive in view.

The genera Plicatipollenites and Potoniei-
sporites can be differentiated on the basis
of a new criterion called ** Distal saccus
spread ” (Lele & Shukla, 1978). Accord-
ing to this Plicatipollenites belongs to the
“ monosaccate group '~ characterized by
“ Uniform saccus spread ” and Potoniei-
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sporites to the monosaccoid group charac-
terized by ‘‘ Differential saccus spread .
The study of Lele and Shukla (1978)
further reveals that Plicatipollenites popula-
tion shows a strong association of bilateral
spores with monolete to monoletoid mark
and bilateral infold systen.

MATERIAL AND METHOD

In the present paper the methodology
of Lele and Shukla (1978) has been adopted
in order to bring out the individual trends
of Plicatipollenites and Potonieisporites in the
Hutar Coalfield and to check how far they
agree with the overall trends found out
earlier by Lele and Shukla (1978).

The samples from which the actual counts
were done are as detailed below (Map 1):

SAMPLE  LITHOLOGY

No.

SECTION FORMATION

Deori Nala Lower DK; DK; Shale & Car-

Upper Karharbari beds of the Deori
Nala Section do not possess well-preserved
specimens of the genera Plicatipollenites
and Potonieisporites and hence they have
been excluded from the biometric study.

Norms — All the six basic morphological
types or norms instituted earlier by Lele
and Shukla (1978) have been used in the
biometric study of the palynoflora in the
Hutar Coalfield. For the sake of clarity
these are re-stated below.

Plicatipollenites population:

Norm A, — Characterized by radial sym-
metry of miospore and uniform
saccus spread (Pl. 1, figs 1-4).
Spore circularity ratio=s1+0-1
Body infold circularity ratio=1
+ 0.1
Saccus spread value = + 0.1

Norm A, — Characterized by bilateral sym-
metry of miospore and uniform
saccus spread (Pl 1, figs 5-7).
Spore circularity ratio=>1.1

Karharbari g‘;‘;?ceous Body infold circularity ratio
€ —
Talchir DT, Needle shale = > 1.1
Saccus spread value zero or less
Koel River Barakar KB, KB; Carbonaceous (negative value)
sandy shale
Lower L. , .
Karharbari KB, Coaly-shale Potonieisporites population:
Talchir KT, Needle shale Norm B; — Characterized by bilateral sym-
metry of miospore and diffe-
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TEXT-FIG. 1 —Distribution trend of monosaccate and monosaccoid groups through time — A, in the
Hutar Coalfield, and B, in the Lower Gondwana (after Lele & Shukla). T=Talchir, L.K.=Lower Karhar-
bari, U.K.= Upper Karharbari, B= Barakar.

rential saccus spread. Body (X) of miospore (Pl. 1, figs

infold bilateral and horizontally 12-14).

oriented, i.e. its longer axis Spore circularity ratio >1.1

(x) 1s parallel to longer axis of Body infold circularity ratio

spore (X) (PL. 1, fig. 8). = <09

Spore circularity ratio = >1.1 Saccus spread value — >0.1

Body infold circularity ratio Norm B, — Characterized by radial sym-

= >1.1 but less than spore metry of miospore and diffe-

circularity ratio, hence the rential saccus spread. Body

saccus spread value is always infold bilateral and vertically

positive. oriented as in Norm B, (PL 1,
Norm B, — Characterized by bilateral sym- figs 15, 16).

metry of miospore radial sym- Spore circularity ratio=1+0.1

metry of body infold and diffe- Body infold circularity ratio

rential saccus spread (Pl. 1, =0.9

figs 10, 11). Saccus spread value = 0.1

Spore circularity ratio = >1.1
Body circularity ratio =1 + 0.1

, Saccus spread value = >0.1 EVALUATION OF VARIABILITY TRENDS
Norm B, — Characterized by bilateral sym-
metry of miospore and diffe- 1. Miospore Symmetry — An assessment

rential saccus spread. Body of spore circularity parametral trend shows
infold bilateral and vertically that mean spore circularity (Table 2) in the
oriented, i.e. its longer axis (x) Talchir Formation is [.16 (Deori Nala
is at right angle to longer axis 1.14 & Koel River 1.19). It increases up to
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TABLE 1— MEAN PERCENTAGE DISTRI-

BUTION OF RADIAL AND BILATERAL MIO-

SPORES OF PLICATIPOLLENITES AND

POTONIEISPORITES IN THE KOEL RIVER

AND DEORI NALA SECTIONS AND MEAN OF
BOTH SECTIONS

LocarLity  Miospores  TaAL- LOWER  BaRA-

SYMMETRY CHIR KARHAR- KAR
BARI

Deori Nala Radial 35 32 X
Bilateral 65 68 X

Koel River Radial 30 25 6
Bilateral 70 75 94

Mean Radial 32 28 6
Bilateral 68 72 94

1:24 (Deori Nala 1-2 & Koel River 1-28) in
the Karharbari Formation and further rises
to 1-29 in the Barakar Formation. These
above mentioned figures agree with the

100

801

70

BilLATERAL wrocp

60—

50

PERCENTAGE

40

20

A

TABLE 2—MEAN SPORE CIRCULARITY

RATIO OF THE SPORES OF PLICATIPOLLE-

NITES AND POTONIEISPORITES FROM

DEORI NALA AND KOEL RIVER SECTIONS
AND MEAN OF BOTH SECTIONS

LocaLiTy TALcHIR LOWER BARAKAR
KARHAR-
BARI

Deori Nala 1.14 1.18 X
Section

Koel River 1.19 1.3 1.29
Section

Mean 1.16 1.24 1.29

results of Lele and Shukla (1978) except in
the Barakar Formation where mean circula-
rity is 1-3. It is, however, interesting to
note that though in individual section the
overall circularity ratio of spore increases

70

so}

PALATERAL

RapiaL
....... Lo

w - -
(L) S -
<4T~
- N
& - RN
woopeeeaall ~
a 30
W
Q
20k . . E)
~ o \\\'
10 3
[ 1 —1L
T LK. U.X. 8
(AFTER LELE & SHUKLA,1978)

TexT-FIG. 2 — A, distribution trends of the body infold symmetry through time and their correlation
with Plicatipollenites and Potonieisporites trends in the Hutar Coalfield, (i) bilateral infold in Plicatipollenites,
(ii) radialinfold in Plicatipollenites, (iii) bilateral infold in Potonieisporites, and (iv) radial infold in Poroniei-

sporifes.

B, distribution trends of the body infold symmetry through time and their correlation with Pli-

catipollenites and Potonieisporites trends (?fter Lele & Shukla)— (1) radial i_nfold in Plicatipollenites, (2) bi-
lateral infold in Plicatipolienites, (3) radial infold in Potonieisporites, and (4) bilateral infold in Potonieisporites.
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TEXT-FIG. 3 — A, composite correlation of variation trends in Potonieisporites in the Hutar Coalfield —
(1) spores with bilateral form, (2) spores with bilateral body infold, and (3) spores with monolete to mono-
letoid mark. B, composite correlation of variation trends in Poronieisporites (after Lele & Shukla, 1978)
parametral trends of bilateral spore symmetry — (1) bilateral body infold symmetry, (2) monolete-mono-
letoid mark, (3) Potonieisporites population, (4) Poronieisporites with bilateral spore symmetry, (5) bilateral

body infold, and (6) monolete-monoletoid mark.

in time, the value of miospore circularity
ratio is different from the mean value
calculated. Therefore, bilateralism  In
spores at a particular time level may vary
from field to field and from section to
section but the general trend remains the
same.

In the Hutar Coalfield trends of distribu-
tion of radial and bilateral spores in time
show reverse tendency (Text-fig. 5) which
agrees with distributional trends of Plicati-
pollenites (Text-fig. 7A) (Norm A, and A,)
and Potonieisporites (Text-fig. 3A) (Norms
B, to B,) respectively. Distributional trends
of circular Plicatipollenites and Potoniei-
sporites ahd bilateral Plicatipollenites and
Potonieisporites clearly indicate that circular

- spore of both the genera showed a decline
with the proliferation of bilateral forms
(Text-fig. 5A). These trends of the Hutar
Coalfield agree with the overall trends

(Text-fig. 5B) given by Lele and Shukla
(1978).

2. Tetrad Mark — The problem regarding
the development of tetrad mark in spores
and pollen and the type of tetrad found in
these spores has already been discussed by
various authors (Staplin et al., 1967; Lele,
1974; Vischer, 1971) and summarized by
Lele and Shukla (1978). Five types of
marks: (i) trilete mark, (i) triletoid mark,
(iii) monoletoid mark, (iv) bilete mark,
and (v) monolete mark — have been re-
cognized by Lele and Shukla (1978) for
biometric analysis.

Parametral variation trends of the tetrad
mark reveal that the normal trilete is well-
represented by 279 (Deori Nala — 299
Koel River 25%) spores in the Talchir
Formation, whereas it reduces to 249
(Deori Nala — 199, Koel River — 29%)
in the Lower Karharbari beds and finally
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_ TEXT-FIG. 4 — A, distribution trends (parametral) of trilete-triletoid set and monolete-monoletoid set
in time (thick lines) and their correlation with Plicatipollenites and Potonieisporites population — (1) trilete
and triletoid mark in Plicatipollenites, (2) monolete and monoletoid mark in Plicatipollenites, (3) trilete to
triletoid mark in Poronieisporites, and (4) monolete to monoletoid mark in Potonieisporites. B, distribution
trends (parametral) of trilete-triletoid set and monolete and their correlation with Plicatipollenites and
Potonieisporites trends (thin line) — (1) Plicatipollenites trilete-triletoid, (2) Plicatipollenites monolete-mono-
letoid, (3) Poronieisporites trilete-triletoid, and (4) Potonieisporites monolete-monoletoid (after Lele &

Shukla, 1978).

no trilete mark is seen in the Barakar
Formation (Table 3; Text-fig. 10A). In
contrast to this, the incidence of monolete
mark in the Talchir Formation 1s 5%
(Deori Nala — 69, Koel River —4%), it
further increases to 129 (Deori Nala —
139%, Koel River—11%) in the Lower
Karharbari beds and finally reaches 409
(Koel River) in the Barakar Formation
(Text-fig. 10A). The asymmetrical trilete
(Text-fig. 10A) in general shows a higher
percentage at any time level but it shows a
gradual decrease with time (Talchir —
68 9, Karharbari — 549, Barakar — 60 %).
These trends also agree with the trends
shown by Lele and Shukla (1978) (Talchir
— 69%, Karharbari — 62-56%,, Barakar —
619) (Text-fig. 10B).

Among the 3 categories of asymmetrical
trilete, the triletoid mark registers a pro-

gressive decline (Text-fig. 10A) in num-

ber (Talchir — 299, Karharbari — 239,
Barakar — 8%). The monoletoid mark
(Text-fig. 10A) shows a stabilization

tendency towards Karharbari and then a
slight rise (Talchir — 389/, Karharbari —
389,, Barakar —429%). The bilete mark
(Text-fig. 10A) also shows a gradual increase
in the Karharbari and Barakar formations
(Talchir — 1%, Karharbari — 39;, Barakar
— 109%).

It is also seen that the combined trend of
trilete and triletoid mark shows a decrease
in time, while of monolete, bilete and mono-
Jetoild marks shows an increase through
time (Text-fig. 4A). These trends are
compatible  with  Plicatipollenites  and
Potonieisporites respectively (Text-fig. 4A).
It is also seen that Plicatipollenites is domi-
nated by the trilete and triletoid marks
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TEXT-FIG. 5 — A, distribution trends of miospore symmetry through time in the Hutar Coalfield —
(1) Potonieisporites bilateral (Norms B,, By, By), (2) Potonieisporites radial (Norm By), (3) Plicatipollenites

bilateral (Norm A,), and (4) Plicatipollenites radial (Norm A)).

B, distribution trends of miospore sym-

metry in time (after Lele & Shukla) — (1) Plicatipollenites radial (Norm A,), (2) Plicatipollenites (Norm A,),
(3) Potonieisporites radial (Norm By), and (4) Potonieisporites bilatear] (Norms B,, B, B,).

and Potonieisporites by monolete to mono-
letord marks (Text-fig. 4A). Further,
Plicatipollenites with trilete and triletoid
marks show a declining trend but Plicati-
pollenites with monolete and monoletoid
marks registers an increase in Karharbari
and then a fall in Barakar (Text-fig. 4A).
Potonieisporites with monolete to mono-
letoid marks registers an increase in time
while those with trilete and triletoid marks
show a fall in time (Text-fig. 4A).

It is apparent that during course of evolu-
tion the trilete and triletoid marks dominate
the genus Plicatipollenites (Norms A, & A,)
(Text-fig. 6A) and in Potonieisporites
(Norms B,, B,, B;) the trilete and triletoid
marks have been gradually eliminated (Text-
fig. 6A) and replaced by the monolete to
monoletoid mark (Text-fig. 8A). Thus the
present study confirms the results of Lele
and Shukla (1978).

TABLE 5 — MEAN PERCENTAGE DISTRIBU-
TION OF CIRCULAR AND BILATERAL BODY
INFOLD OF PLICATIPOLLENITES AND
POTONIEISPORITES IN KOEL RIVER AND
DEORI NALA SECTIONS AND THEIR MEAN

LocaLlTy MiospORES  TaL- LOWER BARA-
SYMMETRY CHIR KARHAR- KAR
BARI

Deori Nala Radial 45 38 X
Section Bilateral 55 62 X
Koel River Radial 32 51 32
Section Bilateral 68 49 68
Mean Radial 38 48 32
Bilateral 62 52 68

3. Body Infold System (Tables 5 and 6) —
Body infold system marks the point of
separation of saccus (sexine) from the body
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TABLE 6 — MEAN INFOLD CIRCULARITY
RATIO OF PLICATIPOLLENITES AND POTO-
NIEISPORITES FROM DEORI NALA AND
KOEL RIVER SECTIONS AND THEIR MEAN

LocaLITY/ TaLcHIR  LOWER  BARAKAR
FORMATIONS KARHAR-
BARI
Deori Nala 1.06 1.05 x
Koel River 1.08 1.05 0.95
Mean 1.07 1.05 0.95

(nexine) in the genera Plicatipollenites and
Potonieisporites (Lele, 1964). The area cir-
cumscribed by the infold is said to mark the
germinal area of tenuitas (Potonié & Lele,
1961; Lele, 1964 ; Bharadwaj, 1964a, 1974a).
The body infold is of various shapes (Text-
fig. 11 of Lele & Shukla, 1978). They
have been grouped into 3 major types on
the basis of body infold circularity ratio.

Body infold

circularity
ratio
1. Vertical bilateral body < x0.9
infold ‘
2. Circular body infold + 1x0.1
3. Horizontal bilateral > Xx1.1
body infold
so!’
4a0F
w
9 5of
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An objective assessment of parametral
variation trends shows that radial body
infold system has a downward trend of
distribution through time (Talchir = 389,
Lower Karharbari = 489, Barakar = 32%)
and bilateral fold shows an upward distri-
bution in time (Talchir = 629, Lower Kar-
harbari = 52 %, Barakar = 689%;) (Table 5;
Text-fig. 2A). These distributional trends are
compatible with genera Plicatipollenites and
Potonieisporites. Plicatipollenites is mostly
associated with radial fold and Potoniei-
sporites with bilateral fold (Text-fig. 2A).
Norm A, (Plicatipolle nites) has bilateral fold
yet it meets the same fate as Norm A, which
has radial folds. But Norm B,, which is
nearer to Norm A,, shows somewhat stabi-
lizing tendency and after that Norms B, and
B, show step by step rise in the distribution
and advancement of morphology (Text-fig.
9A). This suggests a time proportionate
evolutionary relationship and gradual estab-
lishment of bilateral infold from horizontal
to vertical position. The above results are
in general agreement with the results of
Lele and Shukla (1978).

Body symmetry — Central body of the
genera Plicatipollenites and Potonieisporites
shows considerable variation in shape pat-
terns, which may be due to compressional
factors, original curvatures of the body,
saccus attachment and its thickness and the
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TexT-FIG. 6 — Distribution trends of trilete-triletoid mark in the Norms of Plicatipollenites (A, A),)
and Potonieisporites (B,, By, B., B,)— A, in the Hutar Coalfield and B, in the Lower Gondwana beds
(general) (after Lele & Shukla, 1978).
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TABLE 7 — MEAN BODY CIRCULARITY RATIO
OF PLICATIPOLLENITES AND POTONIEI-
SPORITES FROM DEORI NALA AND KOEL
RIVER SECTIONS AND MEAN OF BOTH

SECTIONS
LocaLiTy/ TALCHIR LOWER BARAKAR
FORMATION KARHAR-
BARI
Deori Nala 1.13 1.125 X
Koel River 1.2 1.16 1.02
Mean 1.16 1.14 1.02

TABLE 8 — MEAN PERCENTAGE DISTRIBU-
TION OF CIRCULAR AND BILATERAL BODY
OF PLICATIPOLLENITES AND POTONIEI-
SPORITES IN KOEL RIVER AND DEORI
NALA SECTIONS AND MEAN OF BOTH

SECTIONS
LocaLiTy MIOSPORE TaL- LoWER BARA-
SYMMETRY CHIR KARHAR- KAR
BARI

Deori Nala Circular 34 59 X
Section Bilateral 66 41 X
Koel River Circular 26 42 56
Section Bilateral 74 58 44
Mean Circular 30 50 56
Bilateral 70 50 44

flexibility of exine. Therefore to reconstruct
the original shape of the body a study of
all these factors is called for. But these
factors do not appreciably affect the sym-
metry of the body which can be determined
from the Body circularity ratio.

An assessment of body circularity ratio
(Table 7) shows that the mean circularity
for Talchir is 1.16 (Deori Nala — 1.13,
Koel River — 1.2) and it gradually decreases
to 1.14 (Deori Nala — 1.125, Koel River —
1.16) in Lower Karharbari and 1.02 (Koel
River) in Barakar. Thus overall circularity
of spore shows a decline trend indicating
more and more circular bodies.

The parametral trends also show that
circular bodies form 309 in Talchir (Deori
Nala — 34 %, Koel River — 26 %), 50.5% in
Karharbari (Deori Nala — 59 %, Koel River

—427%) and 569, in Barakar (Koel River);
against this the bilateral bodies show a
downward trend — 70% in Talchir (Deori
Nala —667;, Koel River —74%), 49.5%
in Karharbari (Deori Nala — 419 Koel —
509;) and 449 in Barakar (Koel River).
Thus, though the two trends are oppo-
site. to each other but they do not
coincide with other parametral trends and

instead they show an inverse correlation
(Table 8).

CONCLUSION

Considering the overall trend of Plicati-
pollenites and Potonieisporites and individual
trends of parameters, Plicatipollenites popu-
lation is marked by radial miospore sym-
metry, radial infold system and trilete to
triletoid mark (Text-fig. 7), whereas Potoniei-

Sporites population is marked by bilateral

spores, bilateral infold, and monolete to
monoletoid mark (Text-fig. 3).

The body parameter shows an inverse
correlation with both populations and rest
of the parameters. It does not show enough
change in symmetry to be of any use to
demarcate the morphological criteria to
differentiate the Plicatipollenites population
from Potonieisporites population.

Plicatipollenites population is represented
by Norms A, and A, which show a
continuous downward trend through time
(Text-fig. 9A). The Potonieisporites popu-
lation is typically represented by Norms B
and B; which show an upward trend acrosg
time (Text-fig. 9A). Norms B, and B, of
Potonieisporites population show superficial
morphological resemblance with Norms A
and A, respectively. The Norms B, and
B, also show a downward trend across time
which is similar to Plicatipollenites popu-
lation (Text-fig. 9A). Norms B, and B
could indeed be confused morphologicall;/
with Plicatipollenites but the biometric cri-
teria help in separating these Norms. Bio-
metrically B, and B, belong to Poroniei-
sporites as they definitely show a step
towards the advanced type of morphology
defined for the Poronieisporites popula-
tion.

The study thus demonstrates that there is
a reasonable degree of similarity between
the morphological evolutionary trends of the
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TEXT-FIG. 7 — A, composite correlation of variation trends in Plicatipollenites and parametral trends
in the Hutar Coalﬁeld—(l) Trilete to triletoid mark, (2) radial infold system, (3) radial miospore
symmetry. B, composite correlation of variation trends (after Lele & Shukla, 1978) of Plicatipollenites
populallon—(l) Parametral trends of Plicatipollenites population, (2) trilete- trllelond mark, (3) radial
body infold symmetry, (4) radial spore symmetry, (5) Plicatipollenites with trilete-triletoid mark, and

(6) radial spore symmetry.
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TexT-p1G. 8 — Distribution trends of monolete-monoletoid mark in the Norms of Plicatipollenites

(A,, Ap) and Potonieisporites (B, B, B,
(after Lele & Shukla, 1978).

Plicatipollenites/Potonieisporites populations
of the Hutar Basin and those obtained
in the synthesis from the five Lower Gond-
wana basins by Lele and Shukla (1978)
(Text-figs 3, 7). However, the differences
of mdmduallstlc nature are reflected in the

B,)— A, in the Hutar Coalfield and B, in the Lower Gondwana beds

analysis of Hutar Coalfield. For example,
in general trend (Lele & Shukla, 1978)
Norms A, and A, of Plicatipollenites charac-
terize the Talchir and Lower Karharbari
respectively. In Hutar Coalfield, however,
the values of Norm A, are not so dlstmcuve
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Text-F1G. 9 — Distribution trends of various norms of Plicatipollenites (A, A,) and Potonieisporites
(B, B,. B,, B,) — A, in the Hutar Coalfield and B, in the Lower Gondwana beds (after Lele & Shukla,
1978).
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Texr-FIG. 10 — A, distribution trends of tetrad mark categories through time in the Hutar Coalfield
— (1) monoletoid, (2) triletoid, (3) trilete, (4) monolete, and (5) bilete. B, distribution trends of tetrad mark
categories in time — (1) trilete, (2) triletoid, (3) monoletoid, (4) bilete, and (5) monolete (after Lele &
Shukla, 1978).

for the Lower Karharbari (Text-fig. 11). marked in stratigraphical time even in the
Similarly the distributional values of Norm general synthesis. Perhaps the best of the
B, (Potonieisporites) are not at all well- Potonieisporites Norms is By, followed by
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TexT-FIG. 11 — A, percentage frequency distribution of the norms of Plicaripollenites and Potonieisporites
(after Lele & Shukla). B, percentage frequency distribution of Plicatipollenites and Poronieisporites and
their respective norms through time in the Hutar Coalfield.

B., both of which show continuous rise in fore, we are of the opinion that Norms

frequenciés across time. In this respect the B, and B, are more trustworthy forms for

Hutar data fully agree with the general the biostratigraphical determinations than
- synthesis of Lele and Shukla (1978). There- B, or B,.



LELE & SHUKLA—BIOMETRIC STUDY OF PLICATIPOLLENITES AND POTONIEISPORITES 43

REFERENCES

Buaropwal, D. C. (1954). An approach to the
problem of taxonomy and classification in the
study of sporae dispersae. Palaeoboranist, 4:
3-9.

BaarDwal, D. C. (1964). Potonieisporites Bhard.
ihre Morphologie, systematik und stratigraphie.
Fortscher., Geol. Rheild. Westf., 12: 45-54.

LeLe, K. M. (1964). Studies in the Talchir flora
of India-2. Resolution of the spore genus
Nuskoisporites Pot. & Kl. Palaeobotanist, 12 (2):
147-168.

LeLe, K. M. (1974). Palaeozoic monosaccate mio-
spores, pp. 232-252 in K. R. Surange e al. (eds)—
Aspects & Appraisal of Indian Palaeobotany.
Birbal Sahni Institute of Palaeobotany, Lucknow.

LELE, K. M. & SHukra, M. (1978). Biometric
resolution of Plicatipollenites and Potonieisporites

in Lower Gondwana succession of India.
botanist, 25: 217-237.

MaHESHWARIL, H. K. (1967).
teris flora of India-29. Miospore assemblage
from the Lower Gondwana exposures along
Bansloi River in Rajmahal Hills, Bihar. Palaeo-
boranist, 15 (3): 258-280.

Potontg, R. & LeLe, K. M. (1961). Studies in the
Talchir flora of India-1. Sporae dispersae from
the Talchir beds of the South Rewa Gondwana
Basin. Palaeobotanist, 8 (1-2): 22-37.

StaPLIN, F. L., Pocock, S. J. & JansonIus, J. (1967).
Relationship among gymnospermous pollen.
Rev. Palaeobot. Palynol.. 3: 297-310.

VisscHER, H. (1971). The Permian and Triassic of
Kingscourt outlier, Ireland. Geol. Surv. Ireland.
Spl. Publ., 1: 1-114.

Palaeo-

Studies in the Glossop-

EXPLANATION OF PLATE

(All figures are X 250 unless otherwise mentioned)

PLATE |

1. Plicatipollenites, Norm A, (Deori Nala Section,
Talchir Formation). Spore circularity ratio —
(1-04). Body infold circularity ratio (1-04).
Saccus spread value — Zero. Slide no. 6377.

2. Plicatipollenites, Norm A, (Deori Nala Section,
Talchir Formation). Spore circularity ratio
(1-1). Body infold circularity ratio (1-1). Saccus
spread value (Zero). Slide no. 6394.

3. Plicatipolienites Norm A, (Deori Nala Section,
Talchir Formation). Spore circularity ratio
(1-1). Body infold circularity ratio (1-1).  Saccus
spread value (Zero). Slide no. 6394.

4. Plicatipollenites Norm A, (Deori Nala Section,
Talchir Formation). Spore circularity ratio
(1-05). Body infold circularity ratio (0-95).
Saccus spread value (0-1). Slide no. 6390.

5. Plicatipollenites Norm A, (Deori Nala Section,

Talchir Formation). Spore circularity ratio
(1-45). Body infold circularity ratio (1-45).
Saccus spread value (Zero). Slide no. 6394.

6. Plicatipollenites Norm A, (Deori Nala Section,
Talchir Formation). Spore circularity ratio
(1-34). Body infold circularity ratio (1:54).
Saccus spread value (—0-2). Slide no. 6388.

7. Plicatipollenites, Norm A, (Deori Nala Section,

Talchir Formation). Spore circularity ratio
(1-14). Body infold circularity ratio (1-29).
Saccus spread value (—0-15). Slide no. 6377.

8. Poronieisporites Norm B, (Deori Nala Section,
Talchir Formation). Spore circularity ratio
(1-21). Body infold circularity ratio (1-15).
Saccus spread value (0-06). Slide no. 6377.

9. Potonieisporites Norm B, (Barakar Formation,
Koel River Section). Spore circularity ratio
(1:57); Infold circularity ratio (0:95); saccus
spread value (0-62). Slide no. 6284. )

10. Potonieisporites Norm B, (Barakar Formation,
Koel River Section). Spore circularity ratio
(1-46); Infold circularity ratio (1-04); Saccus
spread value (0-42). x 500. Siide no. 6284.

11. Poronieisporites Norm B, (Barakar Formation;
Koel River Section). Spore circularity ratio
(1-2); infold circularity ratio (0-8); saccus spread
value (0-4). Slide no. 6284. ]

12. Potonieisporites Norm B, (Barakar Formation,
Koel River Section). Spore circularity ratio
(1-44); infold circularity ratio (0:47); saccus
spread value (0-97). x 500. Slide no. 6284.

13. Potonieisporites Norm B, (Karharbari Formation,
Deori Nala Section). Spore circularity ratio
(1-14); body infold circularity ratio (0.8); saccus
spread value (0.34). Slide no. 6285. )

14. Potonieisporites Norm B, (Karharbari Formation,
Deori Nala Section). Spore circularity ratio
(1-28); body infold circularity ratio (0-65);
saccus spread value (0.63). x500. Slide no.
6284.

15. Poronieisporites Norm B, (Barakar Formation,
Koel River Section). Spore circularity ratio
(1:05); body infold circularity ratio (0-6); saccus
spread value (0-45). x 500. Slide no. 6286.

16. Potonieisporites Norm B, (Barakar Formation,
Koel River Section). Spore circularity ratio
(1-05); body infold circularity ratio (0-44);
saccus spread value (0-61). X 500. Slide noc.
6284.
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