
Late Paleozoic lycopodiaceous megaspores of Brazil

Item Type text; Dissertation-Reproduction (electronic)

Authors Wilder, Nicéa Trindade

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:08:46

Link to Item http://hdl.handle.net/10150/565469

http://hdl.handle.net/10150/565469


LATE PALEOZOIC LYCOPODIACEOUS 
MEGASPORES OF BRAZIL

by
Nicea Triadade Wilder

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF GEOSCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

1 9 8 0



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my direction 
by Nicea Trindade Wilder
entitled Late Paleozoic Lycopodiaceous Megaspores of Brazil

be accepted as fulfilling the dissertation requirement for the Degree 
of Doctor of Philosophy

sertation Director
iw  ^ ^ s
Date

As members of the Final Examination Committee, we certify that we have 

read this dissertation and agree that it may be presented for final 
defense.

Date y '

Date
? C A/ JnL> 7  ̂ ______
Date
_____ " /fo/z?_____Date /

Date

Final approval and acceptance of this dissertation is contingent on the 
candidate's adequate performance and defense thereof at the final oral 
examination.

£



STATEMENT BY AUTHOR

This dissertation has been submitted in partial fulfillment of 
requirements for an advanced degree at The University of Arizona and 
is deposited in the University Library to be made available to bor
rowers under rules of the Library.

Brief quotations from this dissertation are allowable without 
special permission, provided that accurate acknowledgment of source 
is made. Requests for permission for extended quotation from or re
production of this manuscript in whole or in part may be granted by 
the head of the major department or the Dean of the Graduate College 
when in his judgment the proposed use of the material is in the in
terests of scholarship. In all other instances, however, permission 
must be obtained from the author.

SIGNED; U A A A v



To my mother 5 in memoriam, 
and to my father and my husband John

iii



ACKNOWLEDGMENTS

To Dr. Gerhard 0. W. Kremp for his broad view and technical ad
vice in the structuring of the dissertation. To Dr. Lucy M. Cranwell 
(Mrs. Watson Smith) for her unfailing help and knowledge that enabled my 
work to be carried on. To Professor Terah L. Smiley for his constant 
guidance and objective review. To Drs. Joseph F. Schreiber, Jr. and 
Karl W. Flessa for their critical and concrete suggestions.

To Drs. Friedrich W. Sommer and Julio Magalhaes whose "convi- 
vencia11 and knowledge enriched me as a person and professionally; their 
constant help and store of information followed me here in a stream of 
letters, answering questions and requests for aid.

To Mrs. Judith C. Wilder for her incentive, kindness, and ever- 
available cooperation.

iv



TABLE OF CONTENTS

Page
LIST OF ILLUSTRATIONS . . e  . . . . . . . . . .  . vii
ABSTRACT.............................. .. .  ..............  viii

INTRODUCTION......................................  1
Introductory Statement ..................    1
Purpose and Scope.......... T . . ....................... 2
Important Landmarks in the Development of the

Study of Dispersed Spores   3
Previous Studies on the Late Paleozoic

Lycopodiaceous Megaspores of Brazil . . . . . . . . . .  5
Macroflorulae of the Brazilian Late Paleozoic . . . . . . .  7
Location of the Samples ................................... 12
Methods of Study .............. .. ........  14

Maceration Procedures . * ........................... 14
Voucher Slide Collection ........  . . . .  ..........  15
Photomicrography Procedures . . .  ....................  15

GENERAL GEOLOGY OF THE BRAZILIAN LATE PALEOZOIC
UNITS RELATED TO THIS STUDY ............................... 17
Maranhao Basin . . . .  ............  . . . . . . . . . . .  17

Poti Formation..................     19
Piaui Formation ....................   20

Parana^ B a s i n ..........................   21
Rio Bonito Formation . . . . . . . . .  ..............  25
Corumbatai Formation........ .. . ................... 29

SYSTEMATIC PALYNOLOGY.........     31
GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION OF THE 

BRAZILIAN LYCOPODIACEOUS MEGASPORES AND THEIR
PALEOECOLOGIC SIGNIFICANCE . . . . . . . . .  ..........  . 47
A Summary of the Recent Plate Tectonic Results

Concerning the Upper Paleozoic Basins of Brazil . . . .  47
A Biostratigraphic Division of the Upper Paleozoic

Gondwana of Brazil Based on Megaspore Studies ........  50
Megaspore Zone A ..................................... 53
Megaspore Zone B . . . . ............................. 57
Megaspore Zone C ..................................... 57
Mega spore Zone D ..............   61

v



TABLE OF CONTENTS— Continued

Page
CONCLUSIONS...........       64
APPENDIX A: GLOSSARY OF GENERAL MEGASPORE MORPHOGRAPHIC

TEBMINOLOGY . . . . . . . . .  .................. 66
APPENDIX B: MORPHOGRAPHIC GROUPS OF MEGASPORES FROM

POTONIE'S (1975) CLASSIFICATION OF SPORES . . . .  71
APPENDIX C: PHOTOMICROGRAPHS OF BRAZILIAN MEGASPORES ........  73
APPENDIX D: COAL SEAMS OF BRAZILIAN GONDWANA ................. 94
REFERENCES . ..............      95
INDEX TO MEGASPORE SPECIES GENERA AND SPECIES . . . . . . . . .  105

vi



Figure Page
1. Brazilian Late Paleozoic Basins .......................... 8
2. Time-stratigraphic Correlations of the Maranhao

and Parana Basins of Brazil.........    18

3. Sketch Map of Central South America Showing Approximate
Margins of the Parana^ Chaco-Parana, and-Paganzo
Basins and the Glacial Outcrop Areas » . . ........... 22

.4. Supposed Lower Permian (Sakmarian) Climates .............. 24
5o Reconstruction of Gondwanaland Showing Distribution 

of Late Paleozoic Glaciers and the Paleomagnetic 
Polar Path from Cambrian and Ordovician (-C-0) 
through the Early Carboniferous and Early Permian 
to the Paleopacific Ocean . . . ................... 48

6. Brazilian Gondwana Megaspores and Their World
Distribution.............. * . ..................... 56

7. Late Paleozoic Glaciation of.South America and
the Falkland I s l a n d s........ .. ................. 62

LIST OF ILLUSTRATIONS

vii



LIST OF TABLES

Table Page
I- Biostratigraphic * Paleoenvironinental9 and Climatic 

Division of the Brazilian, Late Paleozoic Based 
on Megaspores, Parana Basin .......... .. 54

viii



ABSTRACT

Palynological results from stratigraphic and morphologic studies 

of lycopodiaceous megaspores recovered from Upper Paleozoic Boreal and 
Austral Gondwana sediments of Brazil are presented. Special attention 
was given to the Gondwana megaspore assemblages, in Brazil found only in 

the Parana"Basin, with the objective of helping to clarify age determi
nations and thus establish boundaries between Upper Carboniferous and 
Permian formations in this basin.

The sediments investigated come from a wide range of localities; 
they include coal samples, shales, siltstones, sandstones, and so-called 
tillites in the southern states of Sao Paulo, Paranâ , Santa Catarina, 
and Rio Grande do Sul. In addition, shales, coal samples, siltstones, 
and sandstones from the sedimentary Maranhao Basin (also called Parnaiba 
or Meio-Norte Basin) in the northern part of the country were examined.

Treatment of samples followed the classical method of Schultze 
maceration, the most widespread technique for isolating megaspores (and 

microspores) from coal samples, in particular, and from other types of 
sediments high in organic content. Sandstones were generally first 
treated with HF.

Eight lycopodiaceous megaspore taxa were recognized in assem
blages which contained a wide range of other megaspore types of infre
quent occurrence. The taxa recovered were: Lagenoisporites

brasiliensis, L. sinuatus, L. scutiformis, and L. tripartites; Setosis- 
porites furcatus and J3. sp.; Trileites vulgatus and Th corumbataensis.
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The genera Lagenoisporites, Setosisporites, and Trileites are 

also found in the sediments of the Upper Carboniferous of the Maranhao 
Basin. Based on this fact, a possible interfingering between both floras 
is considered.

The progressively larger size of megaspores made possible a zo- 
nation for the Parana Basin. It is suggested that the smaller mega
spores, reaching 700 y, indicate herbaceous sources, while the larger 
ones (between 700 y and 1500 y) are probably derived from arboreal forms. 
Since all megaspores studied were disassociated from the parent plant 
remains, this conclusion depends to some extent on research in other 
countries where reproductive and vegetative organs are found attached 
(in situ).

Based on relative abundance, as well as on the simple presence 
of a particular megaspore taxon or suite of lycopodiaceous megaspores, 
four zones were established for the Parana Basin. The zones, which 
cover a time range from the Pennsylvanian (Upper Carboniferous) to the 
Artinskian Stage (Lower Permian) are herein designated as Megaspore 
Zones A, B, C, and D, and their biogeographic and paleoclimatic ranges 
are indicated.

The megaspore distribution patterns in the four zones are 
thought to reflect a latitudinal (climatic) trend in environmental con

ditions. Therefore, certain megaspore forms may have potential value as 
paleoenvironmental indicators for the local area.

New plate-tectonic data are used to try to correlate and to ex
plain certain phenomena of megaspore occurrences in Brazil.
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Present only in Megaspore Zone D is Trileites corumbataensis. 
Other genera,.Lagenoisporites for example, are represented in the other 
three zones by an evolutionary sequence recognized particularly by size 
increase.

The Scanning Electron Microprobe Quantometer elucidated fine 
morphological detail of the exine sculpture.



INTRODUCTION

Introductory Statement
Spores are specialized cells capable of germination to form a 

new reproductive body. They are called megaspores if larger than _%00 y 
and microspores if smaller than 200 y.

Throughout the evolution of the plant groups5 mega- and micro
spores change in morphology, ornamentation, and especially in size rela
tionship between them.

Only megaspores are dealt with in this dissertation.
Because of the protective coat of sporopollenin in which mega- 

spores and other palynomorphs are enclosed, they are commonly well pre
served in coals and other kinds of sediments. They are able to resist 

destruction by physical and chemical attack unless severely oxidized 
through exposure to the atmosphere.

Although megaspores indicate only a segment of a flora —  the 

heterosporous plants —  their relative abundance, wide lateral distri
bution in many types of sediments, and short stratigraphic range of some 
species make them a useful tool in solving stratigraphic problems. Be

cause they are not subject to great mobility, these microfossils are not 

easily disseminated and thus they may provide useful evidence of the 

nature of the local and regional floras at the site of the sediment 
deposition. (By contrast, less dependence can be placed on microspores 
from the same plant as the megaspores as they tend to be widely

1
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dispersed by wind and water and can mask the true distribution of their 
heterosporous plant producers.)

The present work is concerned with the lycopodiaceous megaspores 
of the Upper Paleozoic strata in Brazil and their use for stratigraphic 
correlation and age determination. They are found in the Northern 
Maranhao Basin where macro-plant remains of a Boreal flora are located 
and in the Southern Parana" Basin where a characteristic Austral (Gon- 
dwana) floristic association is present. Some genera and species of 
megaspores are found in both places, which calls attention to the possi

bility of an intermingling between them.
The stratigraphy and economic resources of the Parana Basin have 

long been of interest to Brazilian and foreign geologists. Emphasis in 
this paper is put on the use of megaspores for possible establishment of 
boundaries of Pennsylvanian and Permian strata in the Parana" Basin.

Purpose and Scope
The purpose of this research is the study of the morphology, 

stratigraphy, and geographic distribution of the Upper Paleozoic lyco
podiaceous megaspores of Brazil. This study has the following

t
objectives:

1) To use megaspores as an auxiliary tool for clarification of the 
age of the Brazilian geologic formations in which they occur.
To assess the usefulness of these plant bodies in the correla

tion of Brazilian coal beds.
2)
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3) To add to the general knowledge of the ecology and evolutionary 
trends of Brazilian heterosporous plants in coal beds from Lower 
Carboniferous to certain Permian times.

Important Landmarks in the Development 
of the Study of Dispersed Spores

In 1884 Reinsch published his notable, well-illustrated work
which is considered to be the basis for the development of paleopaly-
nology. His work, according to PotonieT (1955) did not get the attention

fit deserved because he did not apply rigid systematics or appropriate
nomenclature to the spores. Reinsch established the term Triletes (re-\
ferring to the trilete dehiscence scar of many types) for spores as a 
group. This was adopted later by other workers such as Bennie and 
Kidston (1886). These systematists, more precise than Reinsch, subdi
vided the Triletes into Laevigati, Apiculati, and Zonales. Kidston also 
introduced a new group, the Lagenicula.

Zerndt (1930) continued with the systematic research of spores. 
As did Bennie and Kidston, Zerndt dealt only with megaspores, using the 
system of those authors, but instead of working with species he worked 

with "types,n
The next study was made by the team of Potonie^ Ibrahim, and 

Loose (1932) who studied Carboniferous megaspores and microspores. They 
classified them under the term Sporonites and gave for the first time 

specific names to the microspores. The Ph. D. dissertation of Ibrahim 
(1933), done under the supervision of R. Potonie, greatly advanced paly- 
nologic systematics. In it Ibrahim presented Sporites as an inclusive
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term to replace Sporonites. He used the systematics of Bennie and 
Kidston (1886), adding the divisions of Aletes (scarless) and Monoletes 
(with a single dehiscence scar) and grouping the spore types into 
genera.

Raistrick (1937) elaborated upon a different system for the mi
crospores. He established seven groups from A to G, subdividing the 
spores into species. Sahabi (1936) distributed spores into "types" as 

Zerndt (1930) had done. Schopf (1936) worked initially with a morpho- 
graphic system, using the orientation of Bennie and Kidston. Later 

(1936) he changed his point of view and developed a so-called "natural 
system" based on 15 species of megaspores, a system that was later ex
tended and described in a monograph by Schopf, Wilson, and Bentall 

(1944).
In the "natural system" of Schopf (1936), the megaspores of all 

the Paleozoic lycopodiaceous plants, horsetails, etc. were grouped in 
four "genera": Triletes, Monoletes, Cystosporites, and Lagenicula.

This is not really a "natural" system.
PotonieZ and Krerap (1954) and Potonie (1970) subdivided the four 

genera provided"in 1944 by Schopf et al. by splitting such artificial 
genera as Triletes, which encompasses all trilete megaspore plants of 
the Paleozoic into a number of genera.

Of the pleiad of palynologists, a great number have been dedi
cated in one way or another to the surge of interest in Upper Paleozoic 

megaspores around the world.
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Previous Studies of the Late Paleozoic 
Lycopodiaceous Megaspores of Brazil

Research on Brazilian megaspores began more than 100 years ago 
with Carruthers (1869)« It is interesting to note that he was not aware 
of the existence of a Gondwanaland flora, which was not recognized un
til later by Zeiller (1895), who also illustrated megaspores from Rio 
Grande do Sul samples.

In 1940, Zerndt examined samples from the Carvaozinho River 
(Parana state) sent to him by V. Leinz, Professor of Geology at the 
University of Sao Paulo. It was the first palynological research in 
Brazilian sediments, but no identifications were attempted. According 
to present systematic palynology, I now suggest, with reservation and 
by comparison with the specimens studied, that the megaspores classified 

by Zerndt and illustrated in the paper by Leinz (1940) belong to the 
species. Lagenoisporites brasiliensis.

Modern research on megaspores in Brazil began with Sommer (1953) 
who had at his disposal a collection of samples from the state of Santa 
Catarina which were collected and organized by Putzer (1952, 1955) with 
reliable data as to stratigraphy and locality. Sommer described the 
megaspore assemblages as standards for other coal basins in Brazil.

In Sommer’s studies, the lowermost samples from the coal seams

of the Rio Boriito Formation yielded comparatively small, morphologically
/monotonous megaspores. Immediately above, the Irapua coal seam yielded 

circular, ellipsoidal, and lageniform megaspores of larger diameter. 
Higher in the geologic column, the Barro Branco, the most productive 
coal seams of Santa Catarina state, yielded megaspores which are
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morphologically very similar to those of Irapua, but consistently of 
greater size.

In 1955a, Dijkstra published an important contribution to Brazil
ian Gondwana palynology. Unfortunately, it was based on mixed coal sam
ples collected at the Capivary "washery" (Santa Catarina state) where 
coal of all three seams is washed and treated. Dijkstra determined the 
material to be Permian in age; Putzer and Sommer (Dijkstra, 1955a) con
sidered it to be of Carboniferous age.

Pierart (1959) and Pant and Srivastava (1962) also used Dijkstra*s 
Dijkstra*s material for their study of Brazilian megaspores. They ac
cepted Dijkstra*s Permian age for the samples. Cauduro and Zingano 
(1965) described a morphologically rich assemblage of megaspores from
aJ /Sao Sepe, Rio Grande do Sul, which they considered to be Lower Permian 

in age. It is worth noting, however, that in my experience authenticat
ed Permian samples yielded assemblages composed almost exclusively of 

the megaspore genus Trileltes.
Since 1954, I have continued the megaspore studies initiated by 

Sommer and developed research under his initial guidance in the other 
coal basins (Rio Grande do Sul, Parana, and Sao Paulo states). Later 
my investigations were extended to the northern sedimentary Maranhao 
Basin in which I had already recovered a conspicuous boreal microflora 

(Trindade, 1970).
Research on Brazilian megaspores continues at the Laboratorio 

de Micropaleontologia, in Rio de Janeiro, under the supervision of F. W.
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Sommer * my former adviser and collaborator, whose assistance I still 
call upon.

Macroflorulae of the 
Brazilian Late Paleozoic

Megaspores are useful in helping analyze past floras. They do 
not disperse over great distances, although in a few cases they may be 
carried by rivers or sea currents, since many of them have devices for 
buoyancy. Long distance wind dispersal is not probable. For biostrati- 
graphic purposes, they are useful even when deformed by diagenetic and 
tectonic events. Resistance of their outer cover to destruction and 
their large size favor preservation.

Megaspores have not been found in situ in Brazilian sediments. 

However, by comparison with the evidence obtained from Carboniferous 
strata of Europe and North America, some ideas about affinities with the 
megaflora can be considered.

With this in mind, I propose to coordinate what is now known in 
Brazilian paleobotany about these ancient plant groups which are bona 
fide megaspore producers. Parallel study between macroflora and micro- 
flora (based on megaspores) is presented.

Late Paleozoic plant remains are known to occur in two regions 
of Brazil. In the south is the Parana'Basin (Figure 1), the classic 
Gondwana plant realm. It is often referred to as the austral plant 
realm or the Glossopteris florulae. The other, the Maranhao Basin, is 
in northern Brazil. Paleozoic plants from this area are often called 
boreal elements. Between is a paleofloristic gap which up to the



Figure 1. Brazilian Late Paleozoic Basins.
00
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present has been devoid of any discovered plant vestiges useful for my 
studies.

The macroflorulae of the Brazilian Lower Gondwana sediments have 
been known for a long time, Guimaraes (1964) mentions that although 
plants with seeds were not rare, the majority reproduced by spores which 
were abundantly dispersed in certain coal samples.

Rigby (1970) and Millan (1975) reexamined and redetermined a 
number of genera and species of the Gondwana strata; Millan reinstated 
the boreal lycopodialean genera of macroplants in the Late Carboniferous 
of Brazil.

Recently Rocha-Campos and Rosier (1978) presented a floral suc
cession of the Late Paleozoic in the Parana' Basin, with comments on 

each of the Glossbpteris florulae.
The following genera of spore and seed-bearing plants are listed 

by Guimaraes (1964):
Rosselinites Ascomycetes
Flemingites Lycopodiales
Lep id od end r on Lycopodiales
Lepidophloios Lycopodiales
Lepidostrobus Lycopodiales
Lycopodiopsis Lycopodiales
Sigillaria Lycopodiales
Cardiocarpum Lepidospermae
Actinopteris Sphenopsida
Annularia Sphenopsida
Asterophyllites Sphenopsida
Calamites Sphenopsida
Equisetites Sphenopsida
Phyllotheca Sphenopsida
Schizoneura Sphenopsida
Sphenophyllum Sphenopsida
Chiropteris Filicales
Cladophlebis Filicales
Eupecopteris Filicales
Neuropteridium Filicales
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Pecopteris Filicales
Rhacopteris Filicales
Tietea Filicales
Gondwanidium Pteridospermae
Sphenopteris Pteridospermae
Taenopteris Pteridosp ermae
Thinnfeldia Pteridospermae
Gangamopteris Gloss op terides
Glossopteris Glossopterides
Ottokaria Glossopterides
Vertebraria Glossopterides
Cordaites Cordaitales
Dadoxylon Cordaitales
Noeggerathiopsis Cordaitales
Parataxopytis Cordaitales
Samaropsis Cordaitales
Sphenozamites Cycadales
Podozamites Podozamitales
Baiera Ginkgoales
Cyclopitys Ginkgoales
P s igmophy Hum Ginkgoales
Brachyphyllum Coniferales
Buriadia Coniferales
Codroxylon Coniferales
Protophytocladoxylon Coniferales
Voltzia Coniferales

In the above list, 24 genera are gymnospermous, beginning with 
Gangamopteris, 7 Filicalean, 8 Equisetalean, 1 belongs to the Lepido- 
spermae, 6 are Lycopodialean, and 1 is a fungal member of the Ascomy- 
cetes. Of them, 14 genera (those that belong to the Lycopodiales and 

Equisetales) are possible megaspore producers.
As already stated, the classical literature on Brazilian Gon- 

dwana florulae enumerates the following boreal genera of Lycophyta: 
Lepidodendron, Lepidophloios, and Sigillaria.

Edwards (1952) and Krausel (1961) expressed the opinion that 
there are no real Northern Hemisphere lycopods in the Gondwana of Brazil



11
But they (mostly Krausel) had examined only samples from Permian strata 
of Sao Paulo9 Parana', and Rio Grande do Sul. y

Krausel1s revision of the specimens of Brazil considered only 
two genera: Lycopodiopsis and Lycopodiophloios as representatives of
the Lycophyta group. This seems to be in contrast to the morphological 
variety of megaspores I found when I researched the Brazilian Gondwana 
realm, especially in the lower strata. On the other hand, the mega
spore investigation agrees in part.with Krausel1s opinion, because the 
Permian samples which yielded megaspores produced a uniform number of 
individuals. I made the same observation before in Brazil when studying 
other samples from Permian deposits.

The picture is somewhat different in the northern Brazil Boreal 
province. The macropaleobotanical background begins in the Lower De
vonian with Palaeostigma, Protolepldodendron, and Archaeosigillaria (in 
contrast to Haplostigma in the Lower Devonian of Parana state).

The Lower Carboniferous yielded Lepidodendropsis, Cyclostigma 
in the states of Para and Maranhao. The same strata disclosed a morph
ologically monotonous constellation of megaspores, for which I proposed 

a new genus, Tocantinosporites, with two species: T _ o paraensis and T.
araguaiensis (Figures C-31 to C-38). Although they were not found in 
situ, these megaspores could be suggested as belonging to the macroplant 

genus. Cyclostigma.
The megaspores I have mainly treated in this dissertation belong 

to the Lycopodiinae, a class of the phylum Lycophyta, a Pteridophyte.
The Lycopodiinae have stems covered with single, small, simple, spirally
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arranged leaves; branching is dichotomous. The sporangia are isolated 
and located on the leaves and may be isosporous or heterosporous.

The class is divided into the following orders:
1) Lycopodiales (Carboniferous to Recent),
2) Lepidodendrales (Lower Devonian to Permian),
3) Selaginellales (Carboniferous to Recent),
4) Isoetales (Cretaceous to Recent).

In this study only the Lycopodiales are considered, as their 
megaspores are recovered in high frequencies from Brazilian coal beds.

Location of the Samples
The samples used in this study came from the following locations

in northern and southern Brazil (Figure 1):
Northern States 1 2 3 4 5

/Para

Maranhao

Piaui

1. Cinzeiro (locality). Araguaia River, 
outcrop, "carbonaceous shale", Poti Forma
tion, Lower Carboniferous.

2. Manoel Alves Grande River, outcrop, "car
bonaceous shale", Poti Formation, Lower 
Carboniferous.

3. Teresina (locality). Borehole No. 125, 
silty shale, sandstone, Piaui Formation, 
Upper Carboniferous.

4. Jose' de Freitas (locality). Borehole 
No. SN5, bituminous shale (?), Piaui For
mation, Upper Carboniferous.

5. Bacuri (locality). Outcrop, bituminous 
shale, Poti Formation, Lower 
Carboniferous.
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Southern States 
Sao Paulo

Parana'

Santa Catarina

6. Rio Claro (locality). Outcrop, sand
stone, silty shale, Corumbatai Formation, 
Lower Permian.

7. Buri (locality). Outcrop, coal, Rio 
Bonito Formation(?), Upper Carboniferous.

8. Cerquilho (locality). Outcrop, coal. 
Lower Permian(?).

9. Monte Mor (locality). Outcrop, coal, Rio 
Bonito Formation(?), Upper Carboniferous.

10. Rio Carvaozinho. Outcrop, bituminous 
shale, Rio Bonito Formation, Upper 
Carboniferous.

11. Lisimaco Costa (=Cambui) (locality). 
Outcrop, dark bituminous shale. Upper 
Carboniferous, Rio Bonito Formation.

12. Urussanga (locality). Mine Rio Carvao 
Nos. 26 and 27, bituminous coal, Rio Bo
nito Formation, Upper Carboniferous.

X13. Rio Fiorita-Rio Sangao area. Mine Nova 
Beluno No. 57, bituminous shale, Rio 
Bonito Formation, Upper Carboniferous.

14. Criciuma (locality). Mine 4 (Prospera), 
carbonaceous shale, Rio Bonito Formation, 
Upper Carboniferous.

Mine Lote 6-60 (Prospera) Barro Branco 
layer, coal, carbonaceous shale, Rio Bo
nito Formation, Upper Carboniferous.
Mine Mato II No. 45, coal, carbonaceous 
shale, Rio Bonito Formation, Upper 
Carboniferous.
Bonito layer No. 7.

Irapua layer No. 29.
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Southern States— (Continued)
Rio Grande do Sul 15. Charqueadas (locality). Borehole No. 15,

depth 203,30 m; borehole No, 18, depth 
258.39 m; sample depth 268 m, subbitumi- 
nous coal, Rio Bonito Formation, Upper 
Carboniferous.

16. Sajo Jeronimo (locality). Mina Leao,
"Tillite", subbituminous coal, Rio Bonito 
Formation, Upper Carboniferous.

Methods of Study

Maceration Procedures
The samples were treated by the classical Schulze method, the 

one most widely used for isolating specimens from coal or other sedi
ments.

In 1968, when studying Brazilian samples at the Geochronology 

Laboratories at The University of Arizona, I had the opportunity to use 
the Zetsche method for maceration. According to Zerndt and Dijkstra 
(F. W. Sommer, personal communication, 1960) it is the best one for ob
taining good results. But at the same time it’s dangerous and needs 
special laboratory equipment for processing the samples.

Schulze maceration consists of a solution of concentrated HNOg 

with KCIO^. I used the solution in varying proportions according to 

the hardness of the sample. Also, the length of time of maceration de
pends on the kind of sediment that is being macerated.

The Zetsche method was used for some coal and sandstone samples. 

In general, the technique is as follows. Crush the sediment to 2-5 mm 
in size. Put 10 g in a one-liter bottle and add 3-4 cc bromine (ice
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bath). Stopper bottle and shake. Let set 3-4 hours, then add 150-250 
cc fuming HNOg. Let set 4-12 hours. Add ice water to fill to top. De
cant over 100 p screen. Dry.

Normallys 5-15 g of shale or coal sample will yield a sufficient 
number of palynomorphs for study. However, in the case of megaspores, 
their numbers vary from sample to sample.

Voucher Slide Collection
The slides used for the megaspores are the same as used for 

other microorganisms in the same size range, such as foraminifers and 
ostracods. Five or six specimens were mounted on each cardboard slide. 
The megaspores are not glued to the slide; they are free, thus making 
them easy to turn for observation on both distal and proximal sides. 
Glass cover slips were used instead of a plastic cover. These reduce 
the effects of static electricity, which causes the specimen to cling 

to the cover slip.
The slides are part of the voucher collection in the Micropale- 

ontological Laboratory of the Seĉ ao de Paleontologia e Estratigrafia,
rJ rJDivisao de Geologia e Mineralogia, Departamento Nacional da Produqao 

Mineral, Rio de Janeiro, Brazil. With the permission of the Director of 
the Departamento (Brazilian Geological Survey), some of the slides are 
temporarily in my possession for the purposes of this study.

Photomicrography Procedures
For most of my earlier studies, the photographs of the mega- 

spores were taken on a research microscope, using both transmitted, and
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reflected light. Recently with the use of the Scanning Electron Micro
probe Quantometer (SEMQ) we have developed a better understanding of 
the surface morphology, in particular, of all palynomorphs.

In order to show details of the megaspore sculpture, a principal 
characteristic used in their identification, some specimens were photo
graphed with the SEMQ at The University of Arizona. The SEMQ has the 
ability to give the image of the megaspores and other palynomorphs with 
extreme depth of field over a wide range of magnification, which cannot 

be observed with conventional light photography.
Information I obtained from the scanning electron microprobe 

for the present study was used only as an addendum to my older descrip
tions of the megaspores.



GENERAL GEOLOGY OF THE BRAZILIAN 
LATE PALEOZOIC UNITS RELATED TO THIS STUDY

The geology, lithology, and paleontology of the Late Paleozoic 
units will be presented in this study as brief summaries according to 
the part of the country where the units are located (Figure 1). More 
information can be found in extended contributions Such as those by
Meaner and Wooldridge (1964), Rocha-Campos (1967), and Sanford and)
Lange (1960)o

Maranhao Basin

Samples were studied from the Poti and Piaui Formations of 
northern Brazil (Figure 2). These are of Lower and Upper Carboniferous 
age, respectivelyo Both formations occur in the Maranhao Basin (also 
known as Parnaiba Basin), which lies in the states of Maranhao and 
Piaui, southeast of the Amazon River delta. The basin is about 600,000 
sq. km. in area.

According to Mesner and Wooldridge (1964), the Maranhao Basin 
deposition took place in three sedimentary cycles, ultimately resulting 
in more than 3000 m of sediments. The cycles were separated by two ero- 
sional unconformities, the first between Lower and Upper Carboniferous 
times, the other during the Jurassic.

The sediments of the second cycle rest in slight angular uncon

formity above the Lower Carboniferous strata. The Pedra de Fogo and the 
Motuca Formations contain marine sediments and are considered to be of

17
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Permian age. The third and upper cycle is composed almost entirely of 
Cretaceous rtickSb.

Poti Formation
Lisboa (1914) proposed the name Poti for carbonaceous sandstone 

exposed in the Poti River valley. The Poti Formation overlies the Longa 
Formation (Devonian) and underlies the Piaui Formation, which is no 
younger than Westphalian, according to Kegel (1953).

Lithology. The lower part of the formation consists of white to 
light gray, fine-grained (thin to medium size), micaceous sandstones and 
the upper of siltstones and gray to dark shale, with intercalation of 
sandstones; thin layers of coal are present. The latter vary in thick
nesses of 1 mm to several centimeters (Kegel, 1953; Meaner and 
Wooldridge, 1964).

i
Facies. The facies, at least of the lower part of the Poti For

mation, is of a shallow sea. This is demonstrated by the marine fauna 
with Nucula, Edmondia (Pelecypoda), and Brachiopod remains. Edmondia is 
the most common genus (Kegel, 1953). According to Kegel, the epeirogenic 
lowering of the basin matched the rhythm of the filling with sediments. 

When the epeirogenic lowering stopped, the marine sediments were replaced 
by continental lacustrine deposits. However, no layers of coal were 
formed which could be considered of economic value.
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Age. Kegel (1953), on the basis of the invertebrate fauna and 

plant remains, suggests a Dinantian to Lower Namurian age for the Poti 
Formation.

Piaui Formation
This formation is part of the second cycle of the Maranhab Basin 

that is predominantly of continental origin. The Piaui Formation over- 
lies the Poti Formation and underlies the Pedra de Fogo Formation (Lower 
Permian). No megaspores have been found so far in the latter.

Small (1913) first used the name "Piaui series" for the entire 
Paleozoic section of the Maranhab Basin. However, Duarte (1936) and 
Oliveira and Leonardos (1943) restricted the name Piaui to the strata 

of Upper Carboniferous age. Mesner and Wooldridge (1964) divided the 
Piaui Formation into lower and upper members.

Lithology. According to Mesner and Wooldridge (1964, p. 1483), 
"The lower Piaui consists of pinkish and red, clean, subrounded to spher 
ical, commonly frosted and cross-bedded sandstone and red shales. The 

upper Piaui is an alternative sequence of red and green shale, red sand
stone, thin anhydrites, pink dolomite, and rare, gray fossiliferous 
limestones."

Facies. The facies are predominantly continental. Initial depo 

sition during the Upper Carboniferous started under semiarid and occa

sional desert conditions (cobble ventifacts and eolian sandstones are 
found), as well as fluvial deposits. Later brief marine invasionas de

posited thin, highly fossiliferous limestones (Kegel, 1951).
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Finally the environment changed to deltaic conditions with local 
marine transgressions. Deposits of evaporites in the upper part of the 
Piaux indicate that an arid climate prevailed. This made the develop
ment of a lush vegetation impossible, so that there are only a few mil
limeters of coal found in those strata. -

Age. The upper Piaux member, according to Mesner and Wooldridge 

(1964), contains a marine fauna represented by Spirifer cf. epimus, pro- 
ductids, gastropods, and crinoids. This fauna is firm evidence for the 
Upper Carboniferous age of the Piaux. Megaflora remains are also evi
dence for this age.

This dating of the Piaux Formation was also confirmed by Muller 
(1962) and Dolianiti (1972) based on pollen studies.

No fossil megaflora has been found in the Pedra de Fogo and in 
the Motuca, other than silicified trunks of Psaronius and pollen grains 
in the Pedra de Fogo. Both formations are considered to be of Permian 

age.

Parana" Basin
The Parana Basin, in the southern part of Brazil, includes the 

states of Sao Phulo, Parana, Santa Catarina, and Rio Grande do Sul, and 
southern Mato Grosso and Goias. The basin also extends into parts of 

Uruguay, the eastern part of Paraguay, and Argentina, where this tec
tonic structure is connected with the Chaco-Parana and the Paganzo Ba
sins (Figure 3). The name comes from the Parana River, which runs
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the Glacial Outcrop Areas. —  From Kemp (1975).
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southwestward throughout its length. The basin has an area of approxi
mately 1,200,000 sq.km.in Brazil alone (Sanford and Lange, 1960). For 
many years the Parana7 Basin has been a center of great activity in the 
search for mineral, coal, and petroleum deposits.

Successive cycles of glacial deposits of Upper Carboniferous age 
in the basin overlie the widespread deposits of black, bituminous shales 
of the Lower Devonian. Five distinct glacial advances from the south 
are intercalated with marine deposits (Sanford and Lange, 1960).

The Parana Basin comprises rocks whose ages range from Silurian
to Cretaceous. Upper Devonian and Lower Carboniferous strata are absent,

vand only the Tubarao Group of Upper Carboniferous age and the Permian 
Estrada Nova Formation of the Passa Dois Group will be discussed in this 
study (Figure 2). The Sao Bento Group is part of the Mesozoic sequence 
(Rocha-Campos, 1967).

-V rJThe Tubarao, Passa Dois, and Sao Bento Groups comprise the clas
sical Santa Catarina System of White (1908). It is the Brazilian Gon- 

dwana equivalent of the Paganzo System of Argentina and the Karroo System 
of Africa.

The Gondwana landmass comprised Africa, Madagascar, India, 
Australia, New Zealand, and South America. When the typical Gondwana 
plant was found in Antarctica, this continent also was included (Figure

4).
Recently a Glossopteris flora was discovered in southern Tibet 

(now Xizang) by Hsu (1976) and many geologic data indicate that not only
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Tibet but also the Tarim Basin and central China were original parts of 
the Late Paleozoic Gondwanaland (Kremp, unpublished manuscript).

Rio Bonito Formation
The name Rio Bonito was proposed by White (1908) for the beds 

exposed along the Bonito River in Santa Catarina. Rio Bonito layers 
have also been recognized in the states of Parana and Rio Grande do Sul. 
Although Rio Bonito sediments are scarce in Sao Paulo state, they seem 
to be represented in the Monte Mor deposits.

The thickness of the Rio Bonito Formation is variable, usually 
being less than 80 m. In Rio Grande do Sul the lowest contact in the 

coal deposit areas is directly over the crystalline base (Machado, 1967) 
instead of over glacial sediments attributed to the Itarare Subroup.

Lithology. The lower part of the formation consists in great 
part of sandstones overlain by sandy to silty shales. The upper part 
of the formation consists of a thicker sandstone with thin interbeds of 
carbonaceous shales. Coal beds occur both in the lower and upper 

sandstone.
The main features of the Rio Bonito Formation are represented 

by massive sandstones, silty to sandy shales with plant remains, coal 
seams, and the marine sandstone fauna of Taiol, which occurs only in 
Santa Catarina state (Sanford and Lange, 1960).

The coal beds of Rio Bonito were studied by Machado (1967, 1975) 

who described the formation as consisting of monotonous lithologic



26

successions composed of quartzose sandstones, carbonaceous shales and 
coal beds.

Brazilian Gondwana coal beds are generally accepted as post
glacial in Rio Grande do Sul and Santa Catarina, post-glacial and inter
glacial in the Parana levels, and interglacial in Sab Paulo,

Coal beds of Rio Grande do Sul seem to indicate that in an ele
vated shield area, swamps.favoring the formation of coal could only be 
formed after melting of the ice cap (Rocha-Campos, 1967). According to 
Martin (1961) and Beurlen (1953), coal basins developed in depressions 
or valleys radially disposed around the shield (as at Gravatai, Char- 
queadas, Ratos, Leab, Butin*, Irui, Sab Sepe^ Hulha Negra, and Candiota).

Rio Grande do Sul coal measures are sub-bituminous and are formed 
of fine layers intercalated with sandstones, siltstones, and shales, and 
even with conglomerates. Individual.coal beds can be followed only in 
this basin (Machado, Dequech, and Castanho, 1962).

Facies, General epeirogenic fluctuations of the basin were re
sponsible for the shallow water types of deposition. According to 
Rocha-Campos (1967), the sediments of Rio Bonito were deposited in a flu
vial, swampy, and lacustrine environment, with at least one marine trans
gression (for example, the Taio/ sandstone with its marine fauna). Most 

of the sediments were probably derived from reworked Itarare glacial 
sediments (lower part of the Tubarab group), and spread out over a vast, 
ancient floodplain. The coal probably was deposited locally in swampy 

basins and river valleys (Sanford and Lange, 1960).
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Age. The age of the Rio Bonito Formation is still disputed.
The occurrence of glacial deposits in the lower part of the 

Tubarao Group of the Parana Basin associated with coal beds and fossil 
plants is one of the most interesting aspects of Brazilian geology 
(Rocha-Campos, 1967).

Coal deposits and plant remains intercalated with glacial sedi
ments in the Parana Basin indicate that a warmer interglacial period 
might have taken place. According to Mussa (1958), stems of conifers 
associated with the coal beds show growth rings, an indicator of season
al variation.

The coal deposits are considered to be limnic in origin, formed 
in swamp and lagoon depressions which emerged after the retreat of the

V

ice. It was mainly these coal deposits and the carbonaceous shales as
sociated with them that invited and initiated detailed paleobotanical 
investigations. This research resulted in an extensive list of publica
tions that began with White (1908). Read (1941) and others followed.

Dolianiti (1948, 1952, 1953a, 1953b, 1953c, 1954a, 1954b, 1954c, 
1956) published a series of papers dealing with the genera of the Glos- 

sopteris flora. Dolianiti and Millan (1972) published the results of 
the study of a new outcrop of Gondwana plant remains from Sao Paulo. 
Others who should be mentioned,who contributed decisively to a better 
understanding of the complex problem of the stratigraphic position of 
the Rio Bonito Formation, are: Merides (1952), Barbosa (1958), Krausel

and Dolianiti (1958), Krausel (1961), Rigby (1970, 1972), Rosier (1973, 
1975), Millan (1974, 1975) and Rocha-Campos and Rosier (1978).
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cJ /The age of the Tubarao Group of the Parana Basin was first based 

on the fossil flora that appears mostly in the supra-glacial sequence of 
the Rio Bonito Formation. White (1908) gave a Permian age for the flora 
associated with the coal layers by correlating them to those of other 

southern continents. Oppenheim (1934) concurred with White's dating.
D. White's 1908 monograph was finished by his nephew, I. C. White, who 
referred to the coal deposits associated with the Glossopteris flora. 
Read (1941) adopted the term Upper Carboniferous for the flora. Barbosa 
(1958) agreed with this dating, based on the presence of elements of 
Namurian to Upper Stephanian age. Krausel (1961) considered them to be 
Permian. Rocha-Campos (1967) also gives a Carboniferous age for the 
Tubarao Group, although he stressed that the presence of a Glossopteris 
assemblage indicates a Permian age when in association with the other 
Gondwana components.

However, even the Permian age for the Glossopteris flora has 
been recently questioned. Paleobotanists believe that only an accurate 
recording of all the unique Gondwana plants will help establish a cor
rect biostratigraphical position for the Glossopteris flora (Plumstead, 

1970).
Rocha-Campos and Rosier (1978) discussed the age of the Rio Bo

nito Formation based on macro-flora and fauna and concluded that there 
is still no firm basis for establishing the boundary between Carbonifer
ous and Permian sediments of the Parana Basin.



29

Corumbatai Formation

The Tubarao Group is overlain by the Permian Passa Dois Group. 
Only the Corumbatai Formation of this sequence is considered here be
cause it is the only formation in which identifiable plant remains, es
pecially megaspores, are found.

According to Sanford and Lange (1960), the Corumbatai Formation 
of Sao Paulo corresponds to the upper part of the Serra Alta Member and 
the lower part of the Teresina Member in Parana state. It is the lower 
part of the Permian Passa Dois Group of the Paleozoic sequence in the 
Parana Basin (Figure 2).

Lithology. The formation consists predominantly of clastic 
sediments: medium- to fine-grained sandstone, red sandstone, and red
compact siltstone.

Facies. The main facie of the formation indicates that deposi

tion of the sediments occurred under variable conditions. There were 

periods of submergency by standing fresh water to periods of emergence 

when terrestrial conditions prevailed (Sanford and Lange, 1960).

Age. The assumed age of the Corumbatai Formation (Lower Permian, 
Artinskian) is based on plant remains and pelecypods. Plant remains 
were studied by Dolianiti (1945) and Rigby (1970).

The most representative fossils are the pelecypods. Besides 

these, the fauna includes fish scales and other fish remains, ostracods, 
and conchostracans.
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Paleobotanic remains consist of lycophyte impressions, fern 
fronds, coniferous tissures, glossopterids and filicophytes allies, pol
len and spores.

The occurrence of the little reptile Mesosaurus in the Irati 
Shale, which is older than the Corumbatar Formation, attests that the 
latter should be at least Artinskian in age. Mesosaurus is found also 
in South African sediments which in that area are considered to be Artin

skian in age.



SYSTEMATIC PALYNOLOGY

The large number of megaspores accumulated by researchers over 
the world must be systematized in a definite way. Since it is impos
sible in most cases to establish the actual physical connection between 

them and the plants which produced them, the taxonomy of "sporae dis- 
persae" is done in accordance with artificial systems based exclusively 
on morphological features. Because of disagreement among paleopalynolo- 
gists, the systematic section of this science is still in turmoil, many 
systematic classifications having been proposed and developed. These 
classifications present advantages and deficiencies, show major or minor 
complexity of interpretation, and great or little adaptability to the 

practical exigencies of the stratigraphic routine. To be applied suc
cessfully, the classifications must be Afield tested." There are many 

causes for divergence of interpretation. Any individual spore may give 
finite information but it is limited in value since the spore is no more 
than a component of the plant that produced it, in the same way as are 
leaves, roots, and fruit.

Most of the time these dispersed spores cannot be fitted into 
the classical natural system of nomenclature. In the rare cases in 
which they are found in situ, there is no necessity for a new name for 
the spore —  it takes the name of the fructification on which it was 

found. But usually spores are found scattered through the sediments.
It has been proved repeatedly, however, that dispersed spores can still

31
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be identified by thier morphography (with some reservations) as belong
ing to a particular plant with an already established name. Lacking 
such a name,a new taxon can be set up.

This is the major reason for an artificial system that can be 
used as a device to classify and take advantage of those microfossils 
which are of great practical utility.

Dealing specifically with Brazilian paleopalynology, one must 
take into consideration that the floras represented by spores in the 
south of the country are similar to those of the other constituents of 
Gondwanaland; for instance South Africa, Australia, and India. In the 
north there is a different flora, the Boreal, as shown by Permian- 
Carboniferous studies.

The classification system adopted for Brazilian megaspores is 
the one developed by the German palynologist, Robert Potonie. The basis 
of his classification is morphography —  the features of sculpture, 
form, and structure of the spores. In this way, Potonie expressed the 

idea of his father, the noted paleobotanist, Henry Potonie, that the 
form is studied without worry about a theoretical point of view, for the 
purpose of practical cataloguing only. Thus, he made a clear difference 
between morphography and morphology. Morphology, according to H.
Potonie, is a morphographic approach with phylogenetic intentions, while 
morphography wants only to describe the morphographic features of a spore 

without jumping to conclusions concerning botanical relationships.
Potonie^evolved a system that obeys the rules of the Interna

tional Code of Botanical Nomenclature, is adjustable to the particular
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material, and makes possible eventual assimilation into the natural sys
tem of nomenclature. Potonie? s classification, which is now accepted 
worldwide, was initially formulated in the thesis of one of his stu
dents, Ibrahim (1933). However, in a paper published in 1931 Robert 
Potonie had already given the first systematic description of fossil 
pollen and spores. The classification proposed by him was extended by 
Potonie and Kremp (1955, 1956a, 1956b). After Kremp?s move to the 

United States in 1956, Potonie amplified his classification in publica
tions in 1956, 1958, 1960, 1966, and 1970. The career of this gifted 
man, interrupted by seven years as a prisoner of war, came to an end 
with his death in 1974.

The framework of Potonie’s classification consists of groups 
corresponding to the natural system, but with other terms to emphasize 
the non-phylogenetic affinities as is shown in the natural system (Ap
pendix B). Genus and species follow the Linnean system of nomenclature 
and their handling rigorously obeys the Code. Requirements of the Bo
tanical Code calling for strict fidelity as to the holdtype determina
tion, site, graphic reproduction, priorities, etc., are followed. When 
possible, the relationship to the natural system is indicated with res
ervations. Higher in this Sporae Dispersae classification in ascending 

order are Infraturma, Subturma, Turma, and Anteturma.
Because of the fact that Brazilian megaspores are found in the 

dispersed state,, their affinity to the botanical groups can be only 
vaguely determined. I agree with Potonie and Kremp (1955) in consider

ing as still premature the direct affiliation of dispersed spores to
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.morphologic groups of plant families. However5 it can be assumed with 
certainty by comparison with species described from around.the world 
that the megaspores here studied belong to the Lycophyta, a phylum of 
the Pteridophyta.

Creation of new genera and species has been restricted purposely 
in this study to avoid confusion. Comparison of the specimens with the 
known forms of megaspores was made and suggested affinities with them 
were proposed.

Genera are listed alphabetically. As already indicated, the 
systematic classification of megaspores follows the artificial morpho- 
graphic taxonomic system based on the form-genera established by R. 
Potonie. The descriptive terminology corresponds to the one given in 
Potonie and Kremp (1955) and in Kremp (1965). The use of the scanning 
electric microscope in my most recent work made possible better observa
tion of the exoexine sculpture in the Brazilian megaspores. Mesoexine 
and endoexine were not studied in detail. Dimensions of the megaspores 
are given as the maximum equatorial diameter of the spore body; the 
height of sculpture elements is not included in these measurements.

Because the megaspores are flattened in the sediments, their de
scriptions are based on their state of preservation. All descriptions 
have been previously published. Remarks are made; only in relation to 

the megaspore features common to both Boreal and Austral (or Gondwana)

floras.
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Anteturma Proximegerminantes R. Potonie' 1975 

Turma Triletes-Azonales R. Potonie^1975 
Subturma Lagenotriletes R. Potonie^ and Kremp 1954 

Infratuma Gulati R. Potonie 1975
Genus Lagenoisporites R, Potonie and Kremp 1954

t Genotype. Lagenoisporites rugosus (Loose, 1932, in Potonie^ 
Ibrahim, and Loose, 1932, p. 452, pi. 20, fig. 59) Potonie^and Kremp 
fl954j, p. 121, pi. 4, fig. 22.

Type Locality. Germany, Ruhr area, Bismark deposit, Westphalian
B, Upper Carboniferous.

Description. Megaspores in which the gula can be formed, as in 
the genus Lagenicula, by the elevation of the tecta in almost all its 
length. The gula becomes relatively larger than in Setosisporites.
There are also specimens in which only part of the tecta (near the apex) 
contributed to the formation of the gula. One of the characteristics 
of the genus is the exine that is fairly smooth, never exhibiting orna
mentation as clear as in Setosisporites and Lagenicula. Megaspores be
longing to Lagenoisporites are flattened in the lateral direction, 

sometimes in the proximal-distal direction; circular to prolate in 

outline.

Lagenoisporites brasiliensis (Dijkstra, 1955a)
Trindade 1957 

Figures C-9 and C-10

1955 Triletes brasiliensis Dijkstra, pi. 8, pi. 2, figs. 34-40; pi. 3, 
figs. 41, 42.

1957 Lagenoisporites (Triletes) brasiliensis (Dijkstra) Trindade, p. 
34-35.
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1959 Lagenoisporites (Triletes) brasiliensis (Dijkstra) Trindade, p. 
21-239 pi. 1, figs. 2, 6.

1959 Lagenoisporites (Triletes) brasiliensis (Dijkstra) Trindade, p.
4, pi. 19 figs. 29 5; pi. s9 figs, k, 2, 4.

1959 Lagenoisporites brasiliensis (Dijkstra) Pierart, p. 293 pi. 4, 
figs. 1-6.

1959 Lagenoisporites nudus (Novak and Zerndt) Potonie and Kremp9 in 
Yahsiman and Ergdnul9 pi. 4, fig. 38.

1961 Lagenoisporites brasiliensis (Dijkstra) Trindade, in Pierart and 
Dijkstra, p. 543, pi. 7b, figs. 10, 11.

1962 Lagenoisporites brasiliensis (Dijkstra) Trindade, pi. 4, fig. 15; 
pi. 5, fig. 22.

1964 Lagenoisporites (Triletes) brasiliensis (Dijkstra) Trindade, p. 
15, pi. 1, figs. 3, 5; pi. 3, fig. 16; pi. 4, figs. 18, 19, 21, 
22.

1967 Dijkstraea brasiliensis (Dijkstra) Pant and Srivastava, in Bose 
and Kar, pi. 106; pi. 1, fig. 1.

1969 Lagenicula brasiliensis (Dijkstra) Spinner comb. nov.
1970 Lagenoisporites brasiliensis (Dijkstra) Trindade, p. 465, figs. 

1-5.

Material. Mine Lote 6-60, Urussanga; Irapua layer, Santa 

Catarina.

Age. Upper Carboniferous.

, Description. Trilete megaspore, flattened in the lateral as well 

as in the proximal-distal direction; shape prolate; aperture lageniform; 
length including the gula (apical protuberance or lagena) 940 u, width 
700 y; in most of the specimens showing lateral flatness of the spore 
body, the gula shows up distinctly. This neck-like projection (gula) is
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480 y in equatorial length, 440 y wide; arcuate ridges 400 y long, 50 y 
wide are located 370 y from the apex and 400 y from the margin of the 
spore; color chestnut; exine smooth (psilate), 10-20 y thick, exoexine 
probably microreticulate.

Comments. Apart from the larger size of the Gondwana specimens, 
representatives of Lagenoisporites brasiliensis of the Boreal and Aus
tral floras in Brazil are very similar (Figures C-2 to C-14).

Relationship. Lagenoisporites brasiliensis is related to the 
Lepidodendraceae.

Lagenoisporites scutiformis Trindade 1970 
Figures C-17, C-18

1970 Lagenoisporites scutiformis Trindade, p. 466, fig. 12.

Material. Sample No. 5, outcrop, Monte Mor, Sao Paulo.

Age. Upper Carboniferous.

Description. Megaspore trilete, flattened in lateral direction; 
shape prolate (including the gula); length 1670 y, width 1240 y. The 
gula is pyramidal, developing at the junction of the arcuate and tri- 
radiate ridges; it is 720 y in length and 900 y in width. The lateral 
protuberances measure 170 y in length and 182 y in width; triradiate 
cristae well delineated, 90 y in length. Arcuate cristae not easily 
visible. Exine psilate; under the Scanning Microprobe the exine struc

ture shows a microreticulate exoexine more uniform than Lagenoisporites
brasiliensis.
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CommentSo The specimen described above does not deviate from 
earlier described 1., scutiformis. Up to the present, the species has 
not been found in the Maranhao Basin*

Lagenoisporites (Triletes) sinuatus (Dijkstra 1955)
Trindade 1957 

Figures C-25, C-26
1955 Triletes sinuatus Dijkstra, Meded, Geol, Sticht., no* 9, p. 8; 

pi. 39 figs. 44-48; pi. 3, fig. 44.
1957 Lagenoisporites (Triletes) sinuatus (Dijkstra) Trindade p. 34-35.
1959 Lagenoisporites (Triletes) sinuatus (Dijkstra) Trindade p. 5, 

figs. 3, 5, pi. II.

Material. Tillite(?), Mine Leao, subsurface, Rio Grande do Sul. 

Age. Upper Carboniferous.

Description. Trilete megaspore, flattened in the proximal-distal 
direction; shape sub-circular; gula easily visible; length 1000 y, width 

850 y; sinuous triradiate cristae at the junction point, 70 y distant 
from the margin of the spore, 240 y in length, 60 y in width; arcuate 
cristae 250 y distant from the center of the spore; 40 y in length and 
230 y from the margin of the spore. Contact figure or Y-mark well de

limited; exine smooth; coarse granular elements surround the arcuate 
cristae.

Comments. The specimens examined for this thesis do not differ 
from other previously attributed to L. sinuatus. Not found in the 
Maranhao Basin.
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Setosisporites (Ibrahim 1933  ̂R» Fotonie and Kremp 1954
Genotype. Setosisporites hirsutus (Loose 1932) Ibrahim 1933, in 

Potonie, Ibrahim, and Loose 1932, pi. 20, fig. 58.

Type Locality. Germany, Ruhr area, Bismark deposit, Westphalian 
B, Upper Carboniferous.

Description. Trilete megaspore more or less circular in outline; 
meridional contour circular to ovate including the gula which reaches 
only the proximity of the apex, without modifying most of the contact 
area. Polar axis is longer than the equatorial one; the contact areas 
do not show dense sculpture; only very, small verrucae sparsely distrib

uted over the surface are observed; capilli can be present also as sculp
ture; they sometimes are broken and the spore presents a type of 
sculpture with small, processes without indication of the points where 

the capilli are fractured.

Setosisporites furcatus (Dijkstra) Pierart 1959 
Figures C-27, C-28

1955 Triletes furcatus Dijkstra, Meded. Geol. Sticht., no. 9, n.s.,
pi. 3, figs. 49-53; pi. 4, figs. 53-56; holotype, pi. 4, fig. 55.

1957 Trileites furcatus (Dijkstra) Trindade, p. 35.
1959 Setosisporites furcatus (Dijkstra) Pierart, pi. 2, figs. 1-4.
1962 Dijkstraea furcata (Dijkstra) Pant and Srivastava, pi. 17, fig. 16.

Material. Depth 31.55 m, Hole SN5, Jose de Freitas, Piaui.

Age. Upper Carboniferous.
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Description. Megaspore trilete, flattened in proximal-distal, 
almost lateral, direction; sub-circular in outline. Length of the spore 
body not including the gula 700 y, width 640 y; gula arises partly from 
the contact areas but mainly from the swollen apical part of the tri- 
radiate ridge; 40-350 y high, 130-340 y wide; arcuate ridge not visible; 
contact areas not clearly distinguishable; exine sculpture capiliate. 
Under the Scanning Microprobe the ornamentation of the surface is sparse, 
formqd only by small verrucae, with capilli short or long, commonly 

pointed out from the verrucae; the capilli can be modified to appear as 
small protuberances that, when present, are densely spread all over the 
proximal and distal sides.

Comments. Trindade and Sommer (1966) proposed the incorporation 
of Dijkstra’a species Setosisporites (Triletes) bifurcatus into Setosis- 
porites (Triletes) furcatus Pierart, considering that the single speci
men studied by Dijkstra does not differ enough for separation from those 
belonging to _S. furcatus. Pant and Srivastava (1962) proposed the genus 
Dijkstraea for spores that showed a "mesosporium” when viewed in trans
mitted light. This characteristic could be taken as augmenting the de
scription of the specimens already attributed to jS. furcatus and, for 

this reason, I think there was no need to establish a new genus. Seto
sisporites is still the genus generally accepted for the specimens I 
studied. The species has been mentioned by Cauduro and Zingano (1965) 
in samples from Sao Sepe/ argillite, Rio Grande do Sul. Specimens of IS. 
furcatus and Setosisporites sp. are also found in the Monte Mor layers 

of Sao Paulo state.
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Relationship, Setosisporites megaspores are attributed to 
Bo throd end rac eae.

Setosisporites sp.
Figures C-29, 030

Material. Sample 7, outcrop, Monte Mor, Sao Paulo.

Age. Upper Carboniferous, Westphalian to Stephanian.

Description. Megaspore trilete, flattened in lateral direction; 
arcuate ridges obscure; length of the spore body 800 p, width 600 y; 
gula elevated; ornamentation capillate on both sides; red translucent 
granules are sparsely distributed over the exine.

Comments. The specimen described above and others I have attrib
uted to this genus do not lend themselves to specific identification.

Anteturma Proximegerminantes R. Potonie 1975 
Turma Triletes-Azonales R. Potonie/1975 

Subturma Azonotriletes Luber 1935
Genus Tocantinosporites Trindade 1966

Genotype. Tocantinosporites paraensis Trindade 1966, p. 478, 
figs. 5, 6, 8. ;l

Type Locality. Manoel Alves Grande River, left bank, Maranhao, 

Lower Carboniferous.

Description. Megaspore trilete, round to subtriangular in out

line; sporoderm exine thick chagrenate on both proximal and distal 
sides; triradiate cristae (not reaching to the equator) longer or short
er according to the width of the cingulum.
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Tocantinosporites araguaiensis Trindade 1966 
Figures 0 3 1 9 032

1966 Tocantinosporites araguaiensis Trindade, p. 478, fig, 1.

Material. Outcrop, Manoel Alves Grande River, left bank.

Age. Lower Carboniferous.

Description. Megaspore trilete, ovate outline (compressed some
times in the lateral direction); triradiate cristae visible; arcuate 
ridges present but not prominent as in TV paraensis. Contact areas not 
well delineated but not uniform. Diameter of the spore 900 p; pseudo
cingulum not easily discernible. Exine chagrenate, under SEM study re
vealing a hollow-and-ridge pattern with rounded to polygonal, sometimes 
interwoven, meshes in the hollows and with short, rod-like processes 
arising from the muri of the ridges. Small variation occurs in the 

sculpture from the proximal to the distal pole.

Comments. It is a typical genus of the Lower Carboniferous of 

northern Brazil, the Poti Formation. The specimen chosen for descrip
tion and illustration presents no morphological divergence from other 

specimens referred to T*. araguaiensis.

Relationship. I attribute the forms of Tocantinosporites to 

the megaflora genus Cyclostigma.

Tocantinosporites paraensis Trindade 1966 
Figures C-35, C-36, C-37, C-38

1966 Tocantinosporites paraensis Trindade, p. 478, figs. 5, 6, 8.
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Material. Outcrop9 Manoel Alves Grande River, left bank.

Age. Lower Carboniferous.

Description. Megaspore trilete; round to subtriangular in out
line, normally compressed in the proximal-distal direction. The trira- 
diate cristae extending to the equator, which is sometimes reinforced 
by an extension, the pseudocingulum, approximately 40 y wide and 50 y 
high; contact areas more or less identical in size; diameter of the mega 
spore 800 y; color chestnut; triradiate cristae and curvaturae well de
limited. Exine sculpture better delineated in TX paraensis than in _T. 
araguaensis, again with a hollow-and-ridge sculpture consisting of a 

uniform microreticulum with some interesting elements.

Comments. The specimens I dealt with for this thesis are well 
preserved, affirming this characteristic feature of the species.

Anteturma Proximegerminantes R. Potonie 1975 
Turma Triletes-Azonales R. Potonie' 1975 

Infraturma Laevigati (Bennie and Kidston 1886) R. Potonie' 1956
Genus Trileites (Erdtman 1945, 1947) R. Potonie 1956

Genotype. Trileites (Triletes) spurius (Dijkstra 1951, p. 9, 
pi. 2, fig. 20) R. Potonie 1956, p. 23.

Type Locality. Hole B, Wealdian. The Netherlands.

Description. Trilete megaspore, more or less circular in out
line, or occasionally more or less subtriangular; radia of the Y-mark 
are long and the curvaturae, when visible, may reach the equator;



44

curvaturae not well developed; exine usually psilate, sometimes slightly 
rugate.

Comments. Erdtman (1947) considered the small spores of any age 
as Trileites, classifying the larger ones as Triletes. He did not deal 
with older taxa or with ancient fossil types. Potonie (1956, p. 28) did 
not agree with this point of view. He established a genotype based on 

the principle that the size of a spore cannot be diagnostic when dealing 
with the affiliation of a species; what prevails is the shape of the 
genotype. Potonie legitimatized Trileites, which includes forms of 
widely differing time periods. The material he discussed was not dealt 

with in detail as to particular age.

Trileites (Triletes) vulgatus (Dijkstra 1955) Trindade 1957
Figure C-39

1955 Triletes vulgatus Dijkstra, Meded. Geol. Sticht. n. s., no. 9, p.
6, pi. 1, figs. 1-4 (holotype: pi. 1, fig. 3),

1957 Trileites (Triletes) vulgatus (Dijkstra) Trindade, p. 34-35.
1959 Trileites (Triletes) vulgatus (Dijkstra) Trindade, p. 4, pi. 7, 

fig. 36.

Material. Depth 225.96 m. Hole 16, Charqueads, Rio Grande do

Sul.

Age. Upper Carboniferous.

Description. Trilete megaspore, flattened in the proximal- 

distal direction; almost circular in equatorial outline. Diameter 600 u 
triradiate cristae almost straight, almost as long as the spore radia;
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width 10-18 y, height 12-20 y; arcuate ridges not well delineated; radia 

of Y-mark do not reach the border of the spore. Exine psilate; sparsely 
rugate around the Y-mark.

Comments. Specimens of Trileites vulgatus are always well pre
served, a feature of this genus.

Trileites corumbataensis Trindade 1969 
Figure C-40, mold 1

1969 Triletes corumbataensis Trindade, p. 417, figs. 1-4.

Material. Outcrop, Rio Claro, Sao Paulo.

Age. Permian.

Description of the Mold. Megaspore flattened in the proximal- 
distal direction; diameter 670-700 y; almost circular in equatorial 
outline; sculpture ornamentation rugate in part under transmitted light. 
Trilete mark 450 y long, well delimited; contact area slightly asymmetric

Comments. Ornamentation in Trileites corumbataensis differs 

from that of T. vulgatus in that it is more intense; furthermore, in 
vulgatus the radia of the Y-mark do not touch the border of the spore 

body as they do in T >  corumbataensis.
The fossil occurrence of.T. corumbataensis is very peculiar; 

all specimens are found as imprints.
Trileites corumbataensis also shows a certain similarity to 

Tocantinosporites araguaensis and 1\ paraensis. However, both of these
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Lower Carboniferous species have thick exines and triradiate cristae 
broader than in T _ . corumbataensis.

Relationshipo The specimens of T *  corumbataensis can be attrib
uted to the Permian megaflora genus Lycopodiopsis, the remains of which 

are found in association.



GEOGRAPHIC AND STRATIGRAPHIC DISTRIBUTION 
OF THE BRAZILIAN LYCOPODIACEOUS 

MEGASPORES AND THEIR 
PALEOECOLOGIC SIGNIFICANCE

A Summary of the Recent Plate 
Tectonic Results Concerning the 

Upper Paleozoic Basins of Brazil
As shown in the section on general geology, the age determina

tion of the Parana'strata is controversial because the calculations were 
made at a time when precise information on the Paleozoic drift of Gon- 
dwanaland was unknown. Therefore, we begin this section with a short 
summary of recent plate tectonic discoveries. With a better understand
ing of continental drift, we begin to understand somewhat better what 
happened to the Gondwana super-continent in Upper Paleozoic time and we 
may achieve eventually a better stratigraphic correlation.

One cannot compare the Late Paleozoic biostratigraphy of Brazil 
with that of Europe, as the latter in those periods was situated in a 

tropical and later an arid climate belt, whereas Brazil lay in an arctic 
to temperate climate belt (Figure 4). Few plants or animals are distrib 
uted from the tropics to the arctic. Earlier biostratigraphic correla

tion attempts did not have the benefit of the knowledge of modern plate 

tectonic theories.
Only a vague comparison between Brazil and Australia can be 

made, as a look at Figure 5 will verify. The pole wandering curve indi
cates a shift of the magnetic pole from southern Africa to southeastern 
Antarctica during the Carboniferous, then a turn of more than 90°,
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Figure 5, Reconstruction of Gondwanaland Showing Distribution of Late Paleozoic Glaciers and the
Paleomagnetic Polar Path from Cambrian and Ordovician (€-0) through the Early Carbonifer
ous and Early Permian to the Paleopacific Ocean. —  After Crowell and Brakes (1975); modi
fied from McElhinny (1973) and Kremp (in preparation). Abbreviations: CB = Congo Basin,
P = Parana Basin, M = Maranhao Basin, T = Tasmanian Belt, H = Himalayan Belt, F =
Falkland Islands, CR = Cape Ranges, TAM = Transantarctic Mountains, MAD = Madagascar,
AUS = Australia.
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followed by a constant southward shift during the Permian (Crowell and 
Brakes, 1975). Pangaea wandered through the climate belts concordantly 
with this shifting and the whole climate pattern changed completely.
This means that the Brazilian Gondwana with its peculiar characteristics 
does not necessarily need to follow the model of Australia. Glaciation 
started in Brazil in Early Carboniferous time —  an age which Kemp et al. 
(1977) have designated for Australia as "pre-glacial." In other words, 
the Lower Carboniferous climate of Australia was considerably more mild 
than that of Brazil and consequently had a different plant and animal 
distribution.

Complete correlation is not possible even between Brazilian Late 

Paleozoic biostratigraphy and that of southern Africa because palynolog- 
ical investigation indicates that the Dwyka Tillite of South Africa is 
probably entirely of Early Permian age (Stapleton, 1977). This means 
that in Carboniferous time southern Africa was more or less covered with 
an ice dome in contrast to southern Brazil where at least four or five 
Carboniferous interglacial periods have been recognized, during which an 
abundant vegetation flourished and even a number of coal swamps existed.

Scientists have come to no agreement as yet concerning the Permo/ 
Carboniferous boundary in Brazil. We can, however, draw some reasonable 
conclusions from research which has been done in India and Australia on 
the beginning of the northward movement of the Gondwana continent. 
McElhinny (1973) (Figure 5) assumes that it was during the Early Permian, 

but it is still a question of when in the Early Permian. According to 
Bharadwaj (1975) and Sastry (1977) for India, and Waterhouse (1976) for
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Australia5 the northward movement of the Gondwana continent started more 
or less in the Uppermost Asselian. A similar time may be assumed for 
South America. According to Kremp (1977) (Figure 4), in Sakmarian time 
the Parana Basin was located at about 55°S and the Maranhao at about 
35°S. Consequently9 it would follow that by Artinskian time, where the 

sediments of the Corumbatai Formation belong, the Parana' Basin lay at 
least 50oS in a temperate belt and the Maranhao at least 30°S in an arid 
belt.

A Biostratigraphic Division of the Upper 
Paleozoic Gondwana of Brazil Based 

on Megaspore Studies
What does the modern picture offered by plate-tectonic investi

gation mean to my megaspore studies of the Upper Paleozoic Gondwana?
This section may prove that the biostratigraphic zonation as offered in 
this thesis fits well with the plate-tectonic situation as discussed in 
the foregoing section, and that plate-tectonic and megaspore interpreta
tion support each other. Megaspore studies as outlined in the previous 
chapter make possible a paleoecologic and paleoclimatologic interpre
tation. I believe one can correlate and explain certain phenomena of 

megaspore occurrences in Brazil with the new plate-tectonic data and in 
this way come to a better understanding of the biogeographic and bio
stratigraphic situation of that time period.

Brazilian megaspores, although not found in situ, are usually 

found in a good state of preservation. Their affinity with macroflora 
representatives cannot always be determined. But by comparison with
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forms found in situ and described from other parts of the world9 it can 
be assumed that they belong to the Lycophyta, a pteridophyte phylum re
sponsible in great part for coal deposits in the Brazilian Gondwana.

In 1934, the first drill hole in Teresina, capital of the state 
of Piaui, yielded a great number of plant remains, including megaspores. 
The plants involved were of Carboniferous age, which naturally brought 
forth the idea among Brazilian geologists of the possibility of coal 
being found in this area and stimulated an intensified study of the plant 
remains, started by Oliveira in the same year.

His investigations showed that the upper part of the Poti Forma-
'' ■ -tion contains a Lower Carboniferous flora dominated by Sphenopteridae.

This flora —  called the Teresina flora —  has been studied extensively 
by Dolianiti since 1954. Muller (1962) investigated the microspores and 
pollen grains and confirms the Lower Carboniferous age for the Poti 
Formation.

In 1967 I began studies of megaspores from the Poti Formation of 
the Bacuri outcrop in Piaui and later from the Tocantins-Araguaia area 

of the states of Para and Maranhao. The megaspores of the Bacuri out
crop proved to be rare, badly preserved, and uniform in size, and only 
two taxa could be determined: Cystosporites and Lagenicula horrida,
both known to occur in the sediments of Lower and Upper Carboniferous 

strata of other continents.
Dolianiti, in 1962, studied the megaflora of Tocantins-Araguaia 

Basin’s Poti Formation and suggested a Lower Carboniferous age. This 
basin, formed by the Tocantins and Araguaia Rivers of the states of Para

&
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and Maranhao, was also investigated by Barbosa and Gomes (1957), In 
contrast to Dolianiti, they considered the sediments as belonging to the 
Piaur Formation, Upper Carboniferous.

The megaspore assemblage I studied from the same Araguaia River 
outcrop of Cinzeiro could only confirm the Lower Carboniferous age as

signment of Dolianiti (1962). Here I found megaspores which I named 
Tocantiosporites. Two different species were distinguishable, both of 
which I suggested might be associated (with restrictions) with the mac
rofossil Cyclostigma. In 1962 Dolianiti had identified the heterospor- 
ous Cyclostigma in the outcrops of the same area. According to Jongmans 
(1954), this genus was also found in the Lower Carboniferous flora of 
Peru. Zimmerman (1959) considered Cyclostigma to be a genus of pro- 
Lepidodendron affinities.

The uniformity of megaspores from the Tocantins-Araguaia area
r J(western part of the Maranhao Basin) as well as from the Bacuri outcrop 

appears to be related to the poor representation of heterosporous Lyco- 
phyta in the Lower Carboniferous Poti Formation where, besides Cyclo
stigma, only the other heterosporous genus Lepidodendropsis has so far 

been identified.
No Lower Carboniferous sediments have^been found up to now in 

the Parana'' Basin, which is understandable because most of the Parana 
Basin must have been covered at this time by an ice sheet.

The Poti Formation of the Maranhao Basin, in contrast, should, 
according to plate-tectonic information, have been situated in a more or 
less cold temperate and relatively dry zone, far away from the coast of
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the Pacific Ocean. Such climatic conditions were not very favorable for 
heterosporous Lycopodophytes and explain very well the relatively poor 
representation of megaspores in the Poti Formation.

Megaspore Zone A
(

Megaspore-containing outcrops in the Parana Basin, which I would 
like to.designate as Megaspore Zone A, were found in connection with the 

Benito seam of the Rio Benito Formation of the Santa Catarina and Rio 
Grande do Sul states (Table 1).

Palynologic research of the Rio Bonito started in 1953 with 
Sommer, followed by Trindade (1954, 1957, 1959a, 1959b, 1960, 1962, 1964, 
1966a, 1966b, 1967, 1970), Cauduro and Zingano (1965), and Daemon and 
Quadros (1970).

The megaspore zones as outlined here are based on the relative 

abundance as well as the simple presence of a particular megaspore or 
suite of megaspores. The reason for this is that I had only random sam
ples for study and any attempt at an accurate morphographic presentation' 
(such as statistics) would have had a false basis. The assessment was 
possible because of the abundance of these microfossils (Table 1).

Megaspore Zone A is characterized by a uniform constellation of 

comparatively small megaspores. The climatologic conditions of this 

zone may not have been much warmer than that revealed in Lower Carbonif
erous time in the Maranhao Basin, in the Poti Formation. This explains 
the relatively small size of the Megaspores, which probably came only 
from herbaceous lycopods (in contrast to the tree-sized Lycopodi- 
aceae of later and less harsh climatic conditions of Zones B and C).



Table 1, Biostratigraphic, Paleoenvironmental, and Climatic Division of the Brazilian,
Late Paleozoic Based on Megaspores, Parana Basin.-- The dashed line represents
a transitional climatic change as discussed in the text._____ ________________ _

Stage Formation
Climatic
Changes

Megafloral
Changes

Megaspore
Zones

Permian
Artinskian

or
Sakmarian

Corumbatai Warm, continued 
drying (non- 
glacial)

Decline of lyco- 
phytes; dominance 
of pteridosperms 
and gymnosperms :

D
Trileites 
corumbataensis

Upper Carboniferous 
Stephanian Rio Bonito 

Barro Branco 
layer

Warming climate 
and drying 
substrate

Arboreal lyco- 
phytes still domi
nant group

C
Lageniculate 
forms; speci
mens >950 y

Stephanian
or

Westphalian
Rio Bonito 
Irapua layer

Increasing 
amelioration of 
climate

Arboreal lycô * 
phytes dominant 
group

B
Lageniculate 
forms; speci
mens between 
700 u-950 p

Lower West
phalian or 
Namurian

Rio Bonito 
Bonito layer

Harsh climate 
(interglacial 
or post-glacial)

Herb aceous 
lycophytes

A
Lageniculate 
forms; speci
mens <700 y
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Conditions of Megaspore Zone A may have lasted from the Namurian 
to the Westphalian. In the Paganzo Basin, which was tectonically con
nected with the Parana Basin, the oldest microspore-containing strata 
are dated by Azcuy (1975) to be of Namurian age (Figure 3). Microflor- 
istic and plate-tectonic data are in accordance.

The assemblages of pollen grains and megaspores (Trindade, 1970) 
of the Piaui Formation are identical (as to genera at least) to those of 
the Upper Carboniferous Rio Bonito Formation of the southern Brazil Gon- 
dwana sequence.

The Upper Carboniferous of Piaui has the same genera as the 
Monte Mor layers except for Calamospora. As at Monte Mor, a quantity of 
well-preserved megaspores was found, indicating the presence of a vari

ety of heterosporous Lycophyta. Yet the number of megaspore taxa I have 

found is greater than the number of macroflora species which have been 
reported from the same sites in the basin.

I had the opportunity to investigate a number of bore samples 
which revealed the following megaspore genera: Lagenoisporites, Seto-
sisporites, Trileites, Duosporites, and Cystosporites. The first three 
genera are considered as boreal genera, although they are also found in 
the Gondwana realm; Duosporites is considered a Gondwana genus (Potonie, 
1970). (Duosporites and Cystosporites are not dealt with in this thesis, 

but are mentioned only for comparison) (Figure 6).
The presence of Duosporites in the Boreal florulae of the Maran- 

hao Basin may suggest the interfingering of southern elements with those 
of the Boreal florulae (Trindade, 1970). The same is observed in the



Figure 6. Brazilian Gondwana Megaspores and Their World Distribution. —  Modified from 
Potonie (1970). 1 - Asia, 2 - Europe, 3 - North America, 4 - Africa, 5 -
Brazil, 6 - India. InOx
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Gondwana flora where boreal genera of megaspores (and even macroplants) 
are found.

In "pre-continental-drift time" this interfingering of so-called 
"boreal flora elements" in the "Gondwana realm" and vice versa caused 
much puzzlement among researchers. Much was written to explain why such 
"mixed floras" could have occurred. In recent times, however9 we know 
that the continents drifted slowly from one climate belt into another, 
and mixed floral elements can be explained as survivors of ancient flor
as which once existed in the same area.

Megaspore Zone B

After one or more periglacial periods, in younger interglacial 
times, climatologic conditions could have become temporarily more fa

vorable as the path of the magnetic pole moved in Upper Carboniferous 
time more and more from South America toward Antarctica and the conti
nents continued their northward displacement.

Consequently, megaspores found in the Irapua'seam (Rio Bonito 
Formation of the Santa Catarina and Rio Grande do Sul states) are seen 
to be larger and more diversified than those in Zone A. Based on this 

evidence, I would consider Zone B to belong to the Upper Westphalian or 
the Lower Stephanian.

Megaspore Zone C
This floral zone presents the most diversified and the largest 

megaspores and has the most favorable conditions for Lycophyta develop

ment. The microflorules from the Barro Branco seam of Santa Catarina
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and Rio Grande do Sul as well as the Monte Mor coal layers belong to 
this zone. These will be discussed in detail.

In the interglacial time (or times) of Megaspore Zone C, an ap
parently more temperate and somewhat humic climate must have been pres
ent,which would explain the great variation of the macroflora.

The following genera of plants listed by Guimaraes (1964) are 
possible megaspore producers:

Flemingites Lycopodiales
Lep id od end r on Lycopodiales
Lepidophloios Lycopodiales
Lepidostrobus Lycopodiales
Lyc op odiop sis Lycopodiales
Sigillaria Lycopodiales
Actinopteris Sphenopsida
Annularia Sphenopsida
Asterophyllites Sphenopsida
Galamites Sphenopsida
Equisetites Sphenopsida
Phyllotheca Sphenopsida
Schizoneura Sphenopsida
Sphenophyllum Sphenopsida

I consider the Monte Mor coal layers of the Itu Formation, Sao
Paulo state, as belonging to Megaspore Zone C, based on the variability

and larger size of the megaspores The megaspores of Zones B and C of
the Parana Basin, as I pointed out in my earlier publications, show by
their variety of forms that they could not be produced by one or two
genera of the Lycophyta (Millan, 1975). MillanVs floral list is given

later.
Based on the variety of megaspore genera determined from Monte 

Mor samples, I suggested in 1970 that we were dealing with a flora of 
Upper Paleozoic age. This theory was later corroborated by Millan.
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The megaspores from Monte Mor belong to six genera: Lagenoi-
sporites, Setosisporites, Duosporites» Calamospora, Biharisporites? and 
Trileites.

The genus Lagenoisporites is represented by the following spe
cies: L. brasiliensis, L̂. brasiliensis var. minor, I j .  sinuatus, _L« tri-
partites, and I j .  scutiformis.

Setosisporites is represented by j>. furcatus and unidentified 
species. Biharisporites and Duosporites are representatives of genera 
of uncertain affiliation in these sediments (Figure 7).

According to Pierart and Dijkstra (1962), Brazilian megaspores
are almost identical with those from Katanga (Congo), Africa. They iden-

\ -tified lycopodiaceous megaspores, such as Lagenoisporites brasiliensis
and Setosisporites furcatus, in samples from Africa and Brazil. Pierart 
(1959) notes that megaspores from both regions are similar and their 
stage of preservation identical. I differ from Dijkstra and Pierart 
concerning the age of the deposits from which the megaspores came. They 
consider them to be Permian, while I believe by comparison with those 
found in situ that the Brazilian megaspores came from Upper Carbonifer
ous sediments.

The study of megaspores in situ shows the following habitus (re
lationship) for the megaspores of Monte Mor: Lagenoisporites is related

to Lepidodendraceae and Sigillariaceae; Setosisporites is attributed to 
Selaginellaceae and Bothrodendraceae while Calamospora is related to 
Sphenophyllaceae, Calamitaceae, and Noeggerathiaceae.
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Of special interest to my own research are the age determina
tions that have been published on the Monte Mor coal beds. No agreement 
has as yet been reached, Barbosa and Gomes (1957) considered Monte Mor 
as Visean, based on floral remains of the genus Rhacopteris. Rocha- 
Campos (1967) disagrees and indicates a more recent age. Millan (1975), 
gives a Westphalian or Stephanian age.

Millan (1975) lists the following types: Ginkgophyllum sp. cf.
G. sp. A; Lepidodendron pedroanum Zeiller emend. Millan; Lycopodiopsis 
sp. A; L. pedroanun (Carruthers) Edwards emend. Krausel; L̂. derbyi 
Renault; SphenophyHum; Paracalamites australis Rigby; ]?. cf. levis Rig
by; _P. montemorensis Millan; Sphenopteris sp. A; Adiatites sp.; Rhacop
teris cf. chubutiana Archangelsky and Arrondo; R. cf. ovata (McCoy) 
Walkom; Botrychiopsis cf. plantiana (Carruthers) Archangelsky and 
Arrondo; IL cf. weissiana Kurtz emend. Archangelsky and Arrondo; Noeg- 

gerathiopsis hislopii (Bunbury) Feist.; Paranocladus? fallax Florin; 

Buriadia heterophylla (Feist.) Seward and Sahni emend. Pant and Nautiyal, 

and also platispermic seeds.
Rocha-Campos and Rosier (1978), dealing with faunal and floral 

succession in the Parana'Basin, mention the Monte Mor assemblage. They 
mention Millan1s list of taxa and call attention to the fact that Millan 
does not include the "torn leaves*1 of Glbssopteris in Rigby1 s (1970) 
list. They think, therefore, that the absence of Glossopterids in this 

assemblage has not been completely demonstrated. I think that the pres

ence of Glossopterids in the Monte Mor is not absolutely verified, since 

the "torn leaves" of Rigby could have come from another plant.
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Millan (1975) reinstated many of the Lycophyta genera of White 
as valid genera and determined two genera of Lycophyta and two of Sphen- 
ophyta from the same sediments in Monte Mor that my megaspores came 
from. These genera and species were Lepidodendron pedroanum, Lycopodi- 
opsis pedroanus, Lycopodiopsis derbyi (Lycophyta), and Sphenophyllum sp., 
and Paracalamites sp. (Sphenophyta),

Daemon and Quadros (1970), basing their determination on Tas- 
manites and microspores, give a Stephanian to Lower Permian age for the 
Parana Basin.

My opinion is that Monte Mor belongs to Zone C and is of about 

Stephanian age. I arrived at this opinion in 1970 without knowing the 
details which later led Daemon and Quadros to their age determination.

Megaspore Zone D
vThis megaspore zone is found in the Corumbatai Formation of Sao 

Paulo and is about Artinskian in age. Between Zones C and D there must 
have been a long time interval expressed by a marked change of the flora 

(Florensprung), which shows a decline of Lycophyta and a dominance of 
Gymnosperms and Pteridosperms* Figure 7 represents a geographic map of 
the glacial period which lies, in part, between the two zones.

Dolianiti (1945) published on fossil plants of the Corumbatai 
Formation. He classified them as Sphenozamites sp., Podozamites(?) sp., 
and remains of Equisetaceae. Lycopodiopsis derbyi Renault (Lyocpodiop- 
sidaceae) was also found. The genera Lycopodiopsis and Lycopodiophloios 
are assumed to be characteristic of the Permian and so far have been

found only in Brazilian sediments.
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I studied megaspores from the Corumbataf Formation9 all of which 
are preserved as impressions (molds). I attributed them to the genus 
Trileites. It is interesting to point out that megaspores from other 
Permian formations in Brazil yielded the same kind, all preserved as 
impressions in sandstones and siltstones, all trilete and small, giving 
a monotonous character to the assemblage.

The megaspores of the Corumbatai Formation were found together 
with remains of the macrofossil Lycopodiopsis derbyi Renault.

Only one other Lycophyta (Lycopodiophloios) has been found so 
far in the Corumbatai Formation. Continental drift considerations indi
cate that by Artinskian time the Parana'Basin had reached a latitudinal 

position close to the arid climate zone. This northward drifting of the 
Gondwana super-continent together with the advancing organization of the 
plant life which had bround forward the evolution (and dominance) of Gym- 
nosperms and Pteridosperms explains fully the monotonous character of 

the megaspores of Zone D.
Arborescent lycopods would be responsible for the larger mega

spores, the smaller would be produced by the herbaceous lycopods. By 
this view, the decline of megaspores during the Permian would be related 

to the decline of the arborescent lycopods.



CONCLUSIONS

My objective has been to show the use of megaspores for strati
graphic correlation and age determination.

The presence of megaspore genera common to both Boreal and Aus

tral (Gondwana) floras in Brazil may be explained by the existence of a 
paleoclimate zonal differentiation during the Pennsylvanian (Upper Car
boniferous) leading to the migration of pioneer floral elements toward 
nearly contiguous continental masses.

The key for ancient plant distribution and a better understand
ing of the interfingering of the Upper Paleozoic floras is the pre- 
Gondwana plant cover on the Brazilian platform. Unfortunately, except 
for a few Lower Devonian and Lower Carboniferous relics in the old Ara- 
guaia seaway (the supposed connection of the Parana Basin to the Maran- 
hao and Amazonas Basins), no other usable plant remains for comparison 
have been found.

The distribution patterns in the four megaspore zones I proposed 

for the Parana Basin seem to reflect a latitudinal (climatic) trend in 
environmental conditions. Therefore, certain megaspore forms showed po

tential value as paleoenvironmental indicators for the different zones.
Within the interval spanning Pennsylvanian to Permian times, the 

megaspore zones indicate a transition from Zones A, B and C (Upper Car

boniferous), where evidence shows the dominance of pteridophytes (e.g.,

Lycophyta), to Zone D (Permian) where the pteridophytes decline and the
I

dominance of gymnosperms is noted.
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The remarkable translatitudinal displacement of the South 
American continent during the Late Paleozoic left its mark on Brazilian 
megaspores. With the northward shift of the continents, climatic events 
could have taken place at different times. Although some elements of 
the Glossopteris flora in Brazil can be correlated with those of other 
segments of Gondwanaland, the lycophyte remains, because they are char

acteristic of a different flora, must be considered individually. The 
variety of megaspore forms, and thus the implication of the presence of 
different macro-plants that produced them, gives an essentially Upper 

Carboniferous character to the sediments in which they appear, in con
trast to the monotony of those of Permian age strata that I have worked 
with. Hence, the Brazilian Gondwana with its distinctive features does 
not necessarily need to follow the model of the other components of Gon

dwanaland. The different floristic groupings observed seem to indicate 
the reflection of diversified floras or preferential deposition, the re
sult of a particular environment.

Megaspores are only a support tool for geological studies. How
ever, I think that the four megaspore zones I have proposed for the 
Upper Paleozoic of the Parana Basin show the changes of paleoclimatic 
conditions caused by the displacement of the continents and fulfill the 
main purpose of this study, which is to help determine the ages of the 
Brazilian Late Paleozoic units.



APPENDIX A

GLOSSARY OF GENERAL MEGASPORE 
MORPHOGRAPHIC TEEMINOLOGY

APERTURE: Erdtman (1952, p. 459 in Kremp, 1968): . . by
an aperture is understood any weak, preformed part 
of the general surface of a spore which may be en
gaged in forming an opening in connection with the 
normal exit or intra- exineus substance." In mega
spores their position is outlined by the dehiscence 
scars which may be monolete or trilete.

APEX: PotonieZ and Kremp (1955, p. 10 in Kremp* 1968):
11. . . the proximal pole is the apex; it lies next 
to the center of the mother cell."

ARCUATE RIDGE: Curved ridge on the proximal surface.
AURICULA: A projection resulting from the swelling of valvae.

AXIS: Imaginary line connecting the poles of a spore.
BACULUM '

(n., pi.-a):
Radial, rod-like elements of the exine sculpture, 
tops ending abruptly, side parallel.

CAPILLUS
(n. , pi. -1) :

Twisted, lax, or winding elements of the exine 
ornamentation.

CHAGRENATE: Translucent ornamentation that does not appear to 
be formed by sculptural or structural elements; 
surface may be somewhat rough.

CINGULUM: Couper (1958, p. 102 in Kremp, 1968, p. 25): ". .
a flange-like extension of the exine around the 
equatorial region of the spore."x

CONUS
(n., pi.-i):

Pointed elements of the exine sculpture that are 
often rounded at the apex; height not more than 
twice their basal diameter.

CONTACT AREA: vPotonie and Kremp (1955, p. 12-13): " . . .  consid
erable contact surfaces sometimes result from the 
fact that the spores in the mother-cell were ar
ranged as a tetrahedron, rhomb or rectangular paral 
lelepiped. Each of the three contact areas of
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tetrahedral tetrads is proximally limited by the 
tecta of the dehiscence mark.t! Through the contact 
areas the spores were in contact with the others 
inside the mother cell. Arcuate ridges may be as
sociated with the contact areas.

CONTOUR: An equatorial wreath of branched, anastomosed hairs, 
fimbriae, fringes, or simple capilli.

CRISTA
(ru, pl.-ae):

Ornamentation of the spore sculpture, with rather 
short, irregular, often knobby ridges.

DEHISCENCE MARK: A trilete or monolete fissure that splits open with 
germination of a spore; a laesura or Y-mark.

DISTAL: Outer (Potonie'and Kremp, 1955, p. 10): "With re
spect to the arrangement in the mother-cell, each 
grain has an inner, or proximal, and an outer, or 
distal pole as well as a proximal and a distal 
hemisphere."

EQUATOR: Circle half-way between the two poles in radiosym- 
metric spores, dividing them into two hemispheres.

EQUATORIAL AXIS: The axis perpendicular to the main axis of the 
spore.

EXINE: The outer resistant layers of the spores or pollen 
grain wall; the exine is formed of sporopollenin.

EXOEXINE: (=Ectexine, Nexine); the outher layer of the exine.
GULA: Neck-like projection, dehiscence cone, lagena, apic

al prominence; developed only in megaspores; it is 
associated with the Y-mark or trilete mark.

INTINE: (Cf. Endospore); inner layer of the spore wall; 
formed of pectine and cellulose; never fossilizes.

INTEXINE: (Cf. Mesospore); an inner layer of the exine.

LAESURA
(n. , pl.-ae):

See Dehiscence Mark.

LO-OL: Ornamentation L0 (Lux obscuritas): at highest focus
the exine elements are light islands separated by 
dark zones; OL (Obscuritas Lux): on focusing down
the pattern appears in reverse as dark islands sur
rounded by light areas.
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MASSA: A uniform? granular excrescence being spherical, 

cone-shaped or slightly trilobate; it represents a 
striking development of the tecta of the Y or de
hiscence mark; only present in megaspores.

OBLATE: (With reference to the spore shape); flattened over 
one or both poles.

ORNAMENTATION: Sculpture and structure patterns of the spore exine
PAPILLA

(n., pl.-ae):
Small, blunt or rounded, never pointed nipple-like 
projections; refers to sculpture of the spore 
surface.

PSILATE: Exine surface smooth, lacking ornamentation.
PROLATE: (Refers to the spore shape); polar measurement 

greater than equatorial.
PROXIMAL: Inner spore surface as opposed to distal.
PUNCTATE 

(adj. ):
With a minutely perforate surface —  structural 
term.

RADIAL CRIST: Cristae radially located around the equator, espe
cially in megaspores.

RETICULUM: Net-like sculpture of the exine surface. Erdtman 
(1947, p. 106): ". . . reticulate: consisting of
a network reticulum formed by anastomosing ridges 
("muri"), inclosing small, frequently more or less 
irregular spaces ("lumina") •1f

SCRABATE 
(adj.):

Sculpture elements of the exine projecting less 
than 1 p in height.

SCULPTURE: Surface ornamentation, the disposition of sculpture 
elements of the exine.

SHAPE: Erdtman (1943, in Kremp, 1968, p. 140): "The shape
of the spore is expressed by the relation between 
the length of the polar axis and the greatest equa
torial diameter." (See Prolate and Oblate):
". . . the shape of the spore should be described 
in polar and equatorial views when both views can 
be obtained" (Couper and Grebe, 1961, in Kremp, 
1968, p. 139).

SIZE: Megaspore range: over 200 p; microspores mainly
under 100 p.
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SPINE
(n. 5 plo-s):

SPORE COAT:

SPOROPOLLENIN:
STRUCTURE:
TECTA 

(pi. ) :

TETRAHEDRAL TETRAD:

TRIESTE MARK:

Y-MARK:
VALVA

(n., pl.-ae):

VERRUCA
(n., pl.-ae):

Sharp-pointed elements of spore sculpture.

(Sporoderm); all the layers of the spore wall.

A resistant substance that forms the exine.
Internal ornamentation of the exine.
Components of the Y-mark formed from folds of the 
exine; three rays or radia from the Y-mark9 diverg
ing from the apex; not to be confused with tectum 
as used by Faegri and Iverson (1950, p. 17, in . 
Kremp, 1968) and many other palynologists.
A set of four spores (tetrad) united in a tetra
hedron inside the mother cell; each touches the 
three others at three contact points that form an 
isosceles triangle in the proximal hemisphere.
Dehiscence mark, tetrad scar, laesura, Y-mark, 
characteristic of a tetrahedral tetrad.
See Trilete Mark.

Equatorial swelling of the exine at angles of a 
spore.
Wart-like elements of the spore sculpture.



Figure A-1. Some Morphographic Features of Spores. -- a, b, c, d, e, 
and f modified from Winslow (1959, figs. 1 and 2 in Kremp, 
1968, figs. 106, 111); g modified from Kosanke (1950, fig. 
3 in Kremp, 1968, fig. 109). 

. • 

a. Spores in tetrad association (radially symmetric tetra
hedral spore). 

b. Proximal view of a single spore showing trilete mark 
and contact areas. 

c. Lateral view of a single spore. 

d. Spore in tetrad association (bilaterally symmetric 
spore). 

e. Proximal vh~w of a single spore showing monolete mark 
and contact areas. 

f. Transverse lateral view of a single spore. 

g. Diagram of a radially symmetrical spore: 

A. flange and striations 
B. ray of the trilete mark 
C. trilete mark 
D. contact area 
E. laesura or lip . 
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Figure A-l. Some Morphographic Features of Spores



APPENDIX B

MORPHOpRAPHIC GROUPS OF MEGASPORES FROM 
POTONIE'S (1975) CLASSIFICATION OF SPORES

>
Sporites

1. Anteturma Proximegerminantes
1.1. Turma Triletes-Azonales
1.1.1. Subturma Azonotriletes

1.1.1.1. Infraturma Laevigati, Quasilaevigati
1.1.1.1.1. Equator triangular to almost circular
1.1.1.1.2. Equator almost circular
1.1.1.1.3. Laevigati Varia

1.1.1.2. Infraturma Apiculati
1.1.1.2.1. Subinfraturma Granulati, Scabrati
1.1.1.2.2. Subinfraturma Verrucati
1.1.1.2.2.1. Ornamentation all over the exine
1.1.1.2.2.2. Proximal area almost free of ornamentation

1.1.1.2.3. Subinfraturma Nodati
1.1.1.2.4. Subinfraturma Baculati
1.1.1.2.5. Subinfraturma Scutulati 
1.1.2.6. Apiculati, Varia

1.1.1.3. Infraturma Murornati
1.1.1.3.1. Reticulum almost perfect, Lumina polygonal to 

foveolate
1.1.1.3.2. Radial and/or concentric muri, streaks ribbons 

humps, sometimes only a circle
or
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1.1.1.3.3. Smooth muri or molded aristae not always but at 
times parallel to each other and not radial or 
distinctly concentric, but more or less organized.

1.1.1.3.4. Muri and cristae in irregular order, also rugulate 
and vermiculate order.

1.1.2. Subturma Lagenotriletes
1.1.2.1. Infraturma Gulati
1.1.2.2. Infraturma Subgulati
1.1.2.3. Infraturma Trifoliati, Barbati



APPENDIX C

PHOTOMICROGRAPHS OF BRAZILIAN MEGASPORES

Except for Figures C-40a and b, all the photos are SEMQ (Scan
ning Electric) micrographs. They are shown without having been re
touched and were taken in several different magnifications, according to 
the best angle for observation.

The megaspores presented here are representative of different 
localities, and when possible specimens of the Boreal and Austral floras 
are shown together to facilitate comparison.
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Figure C-l. Lagenoisporites brasiliensis, Slide
VII (1), Depth 31.41 m, Jose'de
Freitas, Piaui. —  Side view X280.

Figure C-2. Same specimen as Figure C-l.
Detail of the surface of the 
contact area X 2000.



Figure C-3. Lagenoisporites brasiliensis, ^Slide 
II (1), Outcrop, Monte Mor, Sao 
Paulo. —  Side view X90.

Figure C-4. Same Specimen as Figure C-3. —  
Detail of the gula X1000.
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Figure C-5. Lagenoisporites brasiliensis. Slide I 
(1), Outcrop, Buri, Sao Paulo. —  Side 
view X90.

Li

Figure C-6. Same Specimen as Figure C-5. —  
Detail of the arcuate ridge 
X2000.
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Figure C-7. Lagenoisporites brasiliensis. Slide
III b. Mine Rio Carvao #26, Urussanga,
Santa Catarina. —  Side view X180.

Figure C-8. Same Specimen as Figure C-7. —  
Surface of the gula X2000.



Figure 09. Lagenoisporites brasiliensis, Slide 
(1), Mine Lote 6-60, Urussanga, 
Santa Catarina. —  Side view X160.

Figure C-10. Same Specimen as Figure 09. —  
Arcuate ridge X2000.
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Figure Oil. Lagenoisporites brasiliensis, Slide
X (2), Mine 6-60, Urussanga, Santa
Catarina. —  side view X170.

r

V /
S '

hs, v
‘

^  , -

Figure C-12. Lagenoisporites brasiliensis. 
Slide I (1), Mine Nova Beluno 
57, Urussanga, Santa 
Catarina. —  Side view X190.



Figure C-13. Lagenoisporites brasiliensis, Slide 
I (1), Irapua Layer, Criciuma,
Santa Catarina. —  Side view X290.

Figure C-14. Lagenoisporites brasiliensis, 
Slide II (2), Depth 203.30 m, 
Hole #15, Charqueada, Rio 
Grande do Sul. —  Side view 
X200.
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Figure C-15. Lagenoisporites brasiliensis, Slide 
II (1), Depth 258.39 m. Hole #18, 
Charqueadas, Rio Grande do Sul. —  
Proximal view X240.

Figure C-16. Same Specimen as Figure C-15. —  
Detail of the surface near the 
gula X2000.
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Figure C-17. Lagenoisporites scutiformis. Slide 
IV (1), Outcrop, Monte Mor, Sao 
Paulo. —  Side view X160.

Figure C-18. Same Specimen as Figure C-17. —  
Detail of the exine surface 
X2000.
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Figure C-19. Lagenoisporites sinuatus, Slide II
(1), Outcrop, Monte Mor, Sao Paulo. — 
Side view X180.

Figure C-20. Same Specimen as Figure C-19. —  
Detail of the Y-mark (fold) 
X1000.
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Figure C-21. Lagenoisporites sinuatus. Slide XI 
(1), Bonito Layer #7, Criciuma, 
Santa Catarina. —  Proximal view 
X280.

Figure C-22. Lagenoisporites sinuatus.
Slide VI b (1), Depth 280 m, 
Charqueadas, Rio Grande do 
Sul. —  Proximal view X360.
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Figure C-23. Lagenoisporites sinuatus, Slide IV
b (1), Depth 280 m. —  Proximal view 
X90.

Figure C-24. Same Specimen as Figure C-23. —  
Detail of the Y-mark X1000.
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Figure C-25. Lagenoisporites sinuatus. Slide V 
(1) , Mine Leao, ''Tillite", Sao 
Jeronimo, Rio Grande do Sul. —  
Proximal view X280.

Figure C-26. Same Specimen as Figure C-25. —  
Detail of the Y-mark X1000.
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Figure C-27. Setosisporites furcatus. Slide I 
(1), Outcrop, Monte Mor. Sao 
Paulo. —  Side view X140.

Figure C-28. Same Specimen as Figure C-27. —  
Detail of the contact area X1000.

00



Figure C-29. Setosisporites sp., Slide II (1), 
Depth 31.55 m, Jose'de Freitas, 
Piaui. —  Proximal view X220.

Figure C-30. Same Specimen as Figure C-29.
Detail of the spine sculpture 
X3000.



Figure C-31. Tocantinosporites araguaiensis, Slide 
N-66-21-4 (2), Outcrop, Manoel Alves 
Grande River, Left Bank, Maranhao. —  
Proximal view X160.

Figure C-32. Same Specimen as Figure C-31. —  
Detail of the exine sculpture on 
the contact area X2000.
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Figure C-33. Same Specimen as Figures C-31, 
C-32. —  Distal view X160.

Figure C-34. Same Specimen as Figures
C-31, C-32, C-33. —  Detail 
of the exine sculpture X2000.
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Figure C-35. Tocantinosporites paraensis. Slide
N-66-21-4 (3), Outcrop, Manoel Alves 
Grande River, Left Bank, Maranhao. —  
Proximal view X330.

Figure C-36. Same Specimen as Figure C-35. —  
Detail of the surface of the 
Y-mark X2000.
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Figure 037. Same Specimen as Figures 035, 
036. —  Distal view X160.

Figure 038. Same Specimen as Figures 035, 
036, 037. —  Detail of the 
exine sculpture on the distal 
side X2000.
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Figure C-39. Trileites vulgatus, Slide II (2), 
Depth 225.96 m. Hole #16, Char- 
queadas, Rio Grande do Sul. —  
Proximal view X280.

Figure C-40. Trileites corumbataensis. Out
crop, Rio Claro, Sao Paulo.
A. Mold 1, proximal view.
B. Mold 2, side view.
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APPENDIX D

COAL SEAMS. OF BRAZILIAN GONDWANA

White7 s (1908) Classical Tubarao Column
Upper Barro Branco Sandstone . . . . . <6,10 m 
Treviso layer . . . . . . . . . . . .  0,60 m
Upper Barro Branco Sandstone . . . . . 6,62 m
Barro Branco layer 1,11 m
Lower Barro Branco Sandstone . . . . . 9,14 m
Irapua layer . . . . . . ............   0,15 m
Shale and sandstone........ .. . i . 9,14 m
Light.sandstone . . . . . . . . . . . 6,10 m
Shale 3,05 m
Sandstone 3,05 m
Shale with plants . . . . . . .  6,10 m
Sandstone . . . . . . . . . . . . . .  3,05 m
Ponte Alta layer , . . . . ... . . . .  0,15 m
Shale . . . . . . . . . . . . . . . .  2,13 m
Upper Bonito Sandstone . . . . . . . .  12,20 m
Bonito layer . . . . . . . . . . . . .  3,13 m
Clay and shale ................   4,57 m
Lower Bonito Sandstone . . . . . . . .  10,67 m
Sandstone and shale . . . . . . . . .  49,07 m

Base: glacial sediments

Rio Bonito Formation
Barro Branco layer: post-glacial, presently mined

Irapua layer: post-glacial, presently mined
Ponte Alta layer: post-glacial, not of economic importance

Bonito layer: interstadial, mined in the north and south zones
Pre-Bonito layer: interstadial, mined in the south zone
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