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ABSTRACT

This study involved the Paleoflora of the Figueira Region (City of

Figueira, PR, Brazil), which is part of the Triunfo Member of the Rio Bonito Formation. The
specimens were collected from the refuse in the mining fields of the Companhia Carbonifera do
Cambui. After the systematic study, it was found that the species belong to the lycopodiaceous
group and to the coniferae group. In the lycopsids species it was possible to study the stem,
microphyllous, and megaspores. Three vegetal communities were represented in a general form
in the studied Paleoflora: a swamp community, composed mainly of Brasilodendron cf. B.
pedroanum, a community found in the composed flooding plain, formed of glossopterids among
others, and a community of more elevated or less frequently flooded terrains, dominated by conifers
(example: Paranocladus dusenii). Based on the results it can be concluded that the studied
Paleoflora had great similarity to the other Early Permian taphofloras found in Parand State at

the Triunfo Member of the Rio Bonito Formation.

KEYWORDS

Introduction

The Parand Basin is a large Paleozoic-Mesozoic
intracratonic basin that extends throughout Brazil,
Paraguay, Uruguay, and northeast of Argentina
(Zalan et al. 1991).

The studied region is located in the eastern area
of the Brazilian portion of the basin, northeast of
the Ponta Grossa Arc near the City of Figueira, in
Parand State (Fig. 1). The Neopaleozoic record in
this region is well preserved, beginning with the
sediments of the Tubario Group (Subgroup Itararé,
Rio Bonito and Palermo formations). In the Figueira
area the post glacial sediments of the Rio Bonito
Formation are not complete in relation to the strati-

Permian, Parand Basin, Rio Bonito Formation, Glossopteris Flora

fication shown in Santa Catarina State, by the ab-
sence of the upper Member, called Siderdpolis
(Soares and Cava 1982). Inside the Triunfo or lower
Member of the Rio Bonito Formation, in the
Figueira area, a coal seam was found where the stud-
ied vegetal fossils were located.

The Figueira region is characterized by the oc-
currence of coal inside the lithological association
siltstone-coal-siltstone. Several authors (Morrone
and Daemon 1985, Della Faveraet al. 1993, etc.) sug-
gested that this area had a deposition environment
formed by a delta-plain system with extensive
swampy areas, covered by vegetation and possibly
protected by sand bars. This plain would belong to
a delta system developed in the Lower Permian.
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Figure 1: Localization map of Figueira region

Paleobotanic study at the Figueira region

The plant megafossils in Figueira are from gray
siltstones located at the top of the coal seams and
the plants fossils were preserved by carbonized com-
pression.

Several taphofloras have been studied from this
Paleoflora since the beginning of the Twentieth
Century (Table 1 and Fig. 1). They were known as:
Cambui Farm (now the Amando Simdes Mine),

Carviozinho River, Rio do Peixe Company Mine
(Taquara Mine), Areia Branca Mine and Barra
Bonita (near Ibaiti). The first researchers to collect
and illustrate vegetal remains from the region were
Lundqvist (1919 apud Rosler 1972) and Oliveira
(1927), tollowed by Florin (1940) and Read (1941),
who performed systematic studies on Oliveira’s col-
lection (Table 1).

In the 70’s, Rosler (1972) returned to collecting
and studying samples from the classical expositions
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(Cambui Farm, Carviaozinho River and Barra
Bonita). Years later, Castro (1985) studied a collec-
tion previously collected by Elias Dolianiti at the
Areia Branca Mine (Fig. 1 and Table 1).

Because the plant fossils are carbonaceous with
cuticles, anatomical studies were performed from
the beginning. Florin (1940) described the genus
of conifers Paranocladus using epidermic character-
istics as a reference, identifying P dusenii with type
specie. Fittipaldi (1981) later studied and charac-
terized the cuticle of the Glossopteris communis.
Feismantel (in Figueira’s area, Fittipaldi and Rosler
1985) and Fittipaldi and Résler (1978) studied the
cuticle characteristics of another species of
Paranocladus, called P. ? fallax Florin.

New samples were collected during this study.
A profound systematic study was performed, and
new species not mentioned in the literature were
found in the Figueira Paleoflora (Table 1). This was
the case of the lycopsid Brasilodendron cf. B.
pedroanum Chaloner et al., its possible microphyl-
lous, an abundant assembly of megaspores (Ricardi
et al. 2002), and the gondwanic conifer Buriadia, as
well as other species already known.

In addition, a cuticle study was performed
on the genus Paranocladus, which extended the

Table 1
Author

Locality
Fossil Plants

Lundqist (1919)
Patrimonio

Oliveira (1927)

Cambui

Rio Carvaozinho

original diagnosis (Ricardi-Branco 1998), since
specimens of feminine strobile were collected and
found to be organically connected and had estab-
lished relations at the cuticle level with the seed of
the species Paranospermum cambuiense sp. nov
(Ricardi-Branco 1998).

In relation to the megaspore assembly, 167 speci-
mens were studied (Ricardi-Branco et al. 2002), be-
longing to four species. The species Lagenoisporites
triunfensis Arai et Rosler and L. scutiformis Trindade
were widely dominant, with 123 and 35 specimens
respectively. The other two species, Sublagenicula f
S. brasiliensis (Dikstra) Dybovi-Jachowicz et al. and
Setosisporites cf. S. furcatus (Dikstra) Dybovi-Jachowicz
et al. were scarce, with 7 and 3 species respectively.

The plants fossils come from the coalfields of
Companhia Carbonifera do Cambui. The collec-
tion was done from the Amando Sim&es Mine (pit
01 and 06), Slope Plane 115 (PI -115) and from the
general waste deposit (GWD). All plant fossils stud-
ied, the cuticle slides and the megaspores were
housed in Paleobotanical Collection 3T, which be-
longs to the Laboratory of Systematic Paleontology
at the Geosciences Institute, University of Sio Paulo
(IG/USP), and were numbered from 2137-2207
and 2223.

Florin (1940)
Cambui
Rio Carvaozinho

Read (1941)
Cambui

Rio Carvaozinho
Brasilodendron cf. B. pedroanum

Licopsida Stems (=Lepidodendron pedroanum)
Sphenophyllum brasiliensis ( Sphenophyllum brasiliensis )
: (=Sphenophyllum =Sphenophyllum oblonguifolium
Sphenopsida oblongifolium) Stems Annularia occidentalis
Annularia australis (Annularia sp.)
T Asterotheca derbyi
Filcopsida branches (=Pecopteris paranaense)
Pecopteris cambuyensis
(=Pecopteris pedrasica e
Pteridophylla Pecopteris sp. Pecopteris cambuyensis)

Sphenopteris lobifolia
(=Zeilleria oliverai)

Gymnospermopsida
Glossopteridales

Gangamopteris obovata
Glossopteris comunis
(=Glossopteris indica)

Glossopteris sp.

Glossopteris browniana
Glossopteris comunis
(=Glossopteris indica)

?\oltziales

Paranocladus 7 fallax
(=Brachiophyllum australe)
Cordaicarpus sp.
(Cordaicarpon sp.)

Paranocladus

? fallax

(=Lepidodendron)

Paranocladus 7 fallax
(=Brachiophyllum australe)
Cordaicarpus sp.
(Cardiocarpon sp.)

Paranocladus dusenii
Paranocladus 7 fallax
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Paleoecological aspects of Figueira

In the last decades, paleobotanists are showing
an increased interest in studying and understanding
which is the real portion of vegetation from an area
that is preserved in the form of taphoflora. Authors
such as Spicer (1980), Scheihing and Pfefferkorn
(1984) and Greenwood (1991), among others,
performed excellent studies of this subject.

Even though the vegetation represented by
taphoflora goes through a selection process due to
transport, it is possible to propose distribution
models for the difterent species, since it is accepted
that taphotloras are most often formed by both
autochthonal and foreign material. Scott (1979)
emphasized that the assemblages of phytofossils
present in a layer show its ecology as well as its trans-
portation history.

Paleoecological studies have been performed for
the Brazilian portion of the Parani Basin on some
assemblages from the Rio Bonito Formation
(Pasqualini et al. 1986, Guerra-Sommer 1989,
among others) in Rio Grande do Sul State, Brazil.

Pasqualini ef al. (1986) studied an outcrop lo-
cated in the Mariana Pimentel area and identified
the vegetal communities of: alluvial plains, swampy
areas and meandering distributaries that were part
of a delta-plain system. Guerra-Sommer (1989) re-
lated the association Botrychiopsis — Phyllotheca —
Lycophyte species with meso-hygrophilous envi-
ronments and sphenopsids, ferns and glossopterids
with mesophyll environments. Guerra-Sommer
(1989) considered the low diversity of species as a
consequence of inherent abiotic stress from flood-
ing areas of high latitude that are stable for a long
period of time.

Paleoecological proposal for the vegetal
communities found in the Figueira paleoflora

An obstacle was found when trying to establish
the possible paleoecological relationship as well as
the special distribution of the species from the
Figueira Paleoflora due to the lack of knowledge of
facies in which the studied vegetation was depos-
ited, since the study was performed with phytofossils
collected from the waste deposits from Amando
Simdes Mine. However, even with this complica-
tion, an approximate relationship for the vegetal
communities present can be suggested.

Two or tree large communities can be inferred.
As evidence, some characteristics presented by the
fossils plants can be used, such as specimen size,
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preservation, associated species in the samples, type
of vegetal organ represented, fragmentation, orien-
tation of samples and others.

Two or tree communities are described, associ-
ated with delta environments:

a- of swamps;

b- of flood-plain (or intermediary) and,;

c- of elevated terrains or terrains less subject to

flooding.

Even though each of them showed a well de-
fined geomorphological position, some places with
mixed species certainly existed, which can be cor-
related with ecotons.

a — Swamp vegetal community

This community was composed of all those spe-
cies that grew within permanently or temporarily
flooded areas. This community was characterized
by presenting tolerance to abiotic stress, unique to
swamp areas (Guerra-Sommer 1989). It is possible
to observe the presence of a stomatic device sub-
merged in the microphyllous cuticle, as an adapta-
tion to this type of environment. In the Figueira
Paleoflora this community was composed mainly
of Brasilodendron ct. B. pedroanum, the fossils of which
show a lack of or small transportation due to size
(length of 1.5 — 35.0 cm; width of 2.1 cm to more
than 16.5 cm), preservation (5 stages of bark loss)
and great abundance.

Additional evidence of the low diversity of the
lycopsid species was provided by the presence of
few megaspore species, of which Lagenoisporites
triunfensis (Ricardi et al. 2002) was amply dominant.
The presence of few species with abundant num-
bers of individuals is characteristic of environments
were there is stress.

Since the microphyllous were always found iso-
lated and showed evidence of transportation, it is
possible to deduce that these microphyllous became
part of the accumulation of plant residues on the
vegetal community floor at the time they detached
from the plants. This accumulation could later be
removed by currents during the flooding period and
deposited together with other fragments, as sug-
gested by Gastaldo (1987).

It is possible to suppose that some sphenopsids
grew among the lycopsids species, represented by
the species Paracalamites australis Rigby, from which
some portions corresponding to the rhizome were
found in this study. Earlier studies (Rosler 1972)
had already mentioned the presence of sphenop-
sids in the area, as well as some ferns.
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b — Flood-Plain or intermediary vegetal community

This community was represented by all those
species that developed next to water ways (levees,
etc.), that were able to resist flooding for some time
and even though their remains were transported,
they were deposited in places nearby, representing
a portion of the hypo-autochthonal Paleoflora.

It is believed that the sphenopsids species
Sphenophllyum brasiliensis Rosler, Annularia occidentalis
Rosler, filicineans Arterotheca derbyi Rosler,
pteridosperns Pecopteris cambuyensis (Read) Rosler,
Sphenopteris lobifolia Morris, as well as glossopterids
Glossopteris communis Feistmantel, formed this large
vegetal community. It is possible that more than one

community existed inside of this vegetal commu-
nity, as in the case studied by Scott (1979).

Even though the glossopterids were not studied
in detail, it is possible to deduce from its leaf size
(approximately 12.0 x 3.2 cm) and its preservation
(as a whole) that they belonged to a vegetation that
did not exist in the swamp interior with the
lycopsids species, but were closer than the conifers
or in an intermediate area between them.

In the same manner, the preservation of the
species Sphenopteris and Pecopteris that showed fertile
foliage reinforces the idea suggested above, even
though some glossopterids species could also inhabit
more elevated areas.

Swamp Vegetal Community:

a- lycopsids: (e.g.
Brasilodendron cf. B.
pedroanunt)

b- sphenopsids (e.g.
Paracalamites australis)

c- filicineans

LEGEND

Flood-Plain or Intermediary
Vegetal Community:

b- sphenopsids (e.g.
Sphenollyum brasiliensis)

d- filicineans e pteridosperms
(e.g. Sphenopteris lobifolia)

e - glossopterids (e.g.
Glossopteris communis)

f - Cordaitales (?)

Elevated Terrain or Vegetal
Community Less Subject to
Flooding:

g- Conifers (e.g. Paranocladus
e Buriadia)

Figura 2 — Suggested distribution of Plant Paleocomunities for Figueira region during the Lower Permian period
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¢ — Elevated Terrains or Vegetal Community Less
Subject to Flooding

Regarding conifers, their distribution is more
complicated, since the fossils for Paranocladus, for
example, are very abundant, even though they be-
long to terminal branches in most cases. They could
then inhabit a flood plain with the glossopterids, as
mentioned by Cineo (1983). They could also oc-
cupy more elevated terrains that are located away
from the coast line, characterizing a third vegetal
community or both ecospaces.

Regarding the seed of Paranospermum cambuiense
(Ricardi-Branco 1998) associated with the
Paranocladus dusenii Florin, its presence can be ex-
pected with high frequency, since it is common to
find an abundance of seeds in delta deposits
(Scheihing and Pfefterkorn 1984).

The situation is simpler for Buriadia, since its
fossils are less common and are always of the
terminal portions of the branches. It is possible that
these plants inhabited places located away from the
coast, along with Paranocladus, close to water ways
that transported the branches to the locations where
they were deposited.

Relations between the paleoflora from
Figueira with other Neopaleozoic paleofloras
from the Parana Basin

When the Paleoflora from Figueira is compared
to the ones documented in other outcrops from Pa-
rand State at the Triumph Member, many common
elements with the taphofloras of Marins (Guerra-
Sommier et al. 1981), Teixeira Soares and Sio Joao
Triunfo (Dolianiti 1954, Résler 1972 and 1978, Rigby
1970, Arai and Rosler 1984), were observed even
though it cannot be said that they are contemporary:.

There were similarities outside of Parana State
with the taphofloras from the Itararé Subgroup in
Sio Paulo State: Monte Mor (Westphalian —
Brasilodendron pedroanum, Paracalamites australis,
Paranocladus, Buriadia, and Paranospermum cambuiensis,
Lageniosporites scutiformis, Sublagenicula brasiliensis —
Millan 1972). There was only one species in com-
mon with the taphofloras from Cerquilho (Early
Permian) (Paracalamites australis).

There were some species from the genus
Glossopteris, Gangamopteris, Sphenopteris, Pecopteris, and
Sublagenicula, in common with the Paleoflora from
the Siderépolis Member of the Rio Bonito
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Formation in Santa Catarina State, as well as the
presence of the genus Buriadia, even though this
Paleoflora represents a more advanced flora stage
of Glossopteris (Bernardes-de-Oliveira 1977).

Finally, a few common elements were found
with the taphofloras associated with coal beds from
the Itararé Subgroup in Rio Grande do Sul State
(Glossopteris communis and Gangamopteris).

In this state the greatest similarities are in rela-
tion to the taphoflora from the Candiota region
(Artinskiano-Kunguriano; Rio Bonito Formation),
where some elements are found such as Brasilodendron
pedroanum, Glossopteris communis, Sphenopteris and
Buriadia (Carruthers 1869, Zeiller 1895, Kriusel
1961, Chaloner et al. 1979, Guerra-Sommer and
Bortoluzzi 1982, among others).

Considering that the partial similarities between
the different taphofloras could result from similar
ecological conditions, even though slightly
heterochronical, it was verified that the greatest
similarity from this taphoflora is related to those at-
tributed to the Sakmariano — Artinskiano interval,
that presents taxa as:

Paranocladus, present in the pre-Glossopterideas
Flora (Monte Mor, Sio Paulo State).
Glossopteris communis, present in different stages
of the Glossopteris Flora: initial (Figueira, Parand
State), advanced (Paleoflora from the Siderépolis
Member, Santa Catarina State) etc.
Brasilodendron pedroanum and Sublagenicola
brasiliensis present in pre-Glossopterids stages
(Monte Mor) and from Glossopteris Flora
(Siderépolis Member).

Lagenoisporites triunfensis, from beginning of
the Glossopteris Flora, restricted to Parani State,
until today.

Conclusions

1- The presence of at least three vegetal com-
munities inside the studied Paleoflora is suggested,
which were designated as:

e Swamp Vegetal Community: formed by
autochthonal elements (example: Brasilodendron
cf. B. pedroanum) and characterized by low
diversity of species.

e Flood Plain Vegetal Community: formed by
hypo-autochthonal elements (example: sphe-
nopsids, filicineans, etc.).

e Elevated Terrains Vegetal Community: formed
by foreign elements (example: Voltziales, etc.).
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2- The Paleoflora from the Figueira region,
along with the taphofloras from Marins, Teixeira
Soares and S. J. do Triunfo, in Parani State, were
considered closely related, having common species
of megafossils and megaspores. The relationship
with the other Neopaleozoic taphofloras from the
Parand Basin was considered less significant.

Acknowledgements

The authors are grateful to Fundagio de Am-
paro a Pesquisa no Estado de Sio Paulo (FAPESP)
for financing this research (Project FAPESP
n°94/5999-3). Also thanks to Companhia Carboni-
fera do Cambui, for helping us with field work, to
Faculdade de Sadde Piblica and Prof. Dr. Samuel
Branco for drawing the beautiful illustrations.

References

Arai, M. and Résler, O. 1984. Megasporos de Sio Joao
do Triunfo, Formacio Rio Bonito (Permiano).
Boletim IG-USP, 15:53-64.

Bernardes-de-Oliveira, M.E.C. 1977. Tafoflora
eogondvénica da camada Irapud, Formagio Rio Bonito
(Grupo Tibardo), SC. PhD thesis. Sio Paulo:
Instituto de Geociéncias, Universidade de Sio
Paulo (USP). 2 vols., 340 p.

Castro, HM.C.F.de. 1985. Sobre a ocorréncia de
Cordaicarpus nitens em sedimentos da Formacio
Rio Bonito no Estado do Parand. In: Coletdnea de
Trabalhos Paleontolégicos. Brasilia: MME-DNPM,
Série Geologia, v. 27, p. 551-2.

Carruthers, W. 1869. On the plant remains from the
Brazilian coal beds with remarks on the genus
Flemingites. In: Plant, N. (ed.) The Brazilian coal
fields. Geological Magazine, 6:151-6.

Chaloner, W., Leistikow, K.V., Hill, A. 1979.
Brasilodendron gen. nov. and B. pedroanum
(Carruthers) comb. nov., a permian lycopod from
Brazil. Review of Palaeobotany and Palynology,
28(2):117-36.

Cuneo, R. 1983. Paleoecologia de microsequencias
plantiferas del Grupo Rio Genoa, Pérmico de
Chubut, Argentina. Ameghiniana, 20:111-21.

Della Favera, J.C., Chaves, H., Pereira, H., Berga-
maschi, S., Reis, C.C., Lima, M. F. de, Pereira,
S.D. 1993. Geologia da drea Figueira-Sapopema. Rio
de Janeiro: UERJ-CPRM. 89 p.

50

Dolianiti, E. 1954. Glossopteris orbicularis Feistmantel
em Teixeira Soares, Parand. In: Lange, EW. (ed).
Puleontologia do Parand. Curitiba: Comissio de Co-
memoragdes do Centendrio do Parand. p. 149-50

Fittipaldi, F.C. 1981. A caracterizagdo cuticular de
Glossopteris communis Feistmantel, 1876, Formagdo Rio
Bonito (Permiano Inferior), da bacia do Parand, Brasil.
MSec. dissertation. Sao Paulo: Instituto de Geo-
ciéncias, Universidade de Sio Paulo (USP). 77 p.

Fittipaldi, E.C. and Résler, O. 1978. Paranocladus ? fallax
(conifera) estudos cuticulares. Boletim IG-USP,
9:109-13.

Fittipaldi, F.C. and Résler, O. 1985. A cuticula de
Glossopteris communis da Formagio Rio Bonito no
Estado do Parana. In: Coletinea de Trabalhos
Paleontolégicos. Brasilia: MME-DNPM, Série
Geologia, v. 27, p. 579-95.

Florin, R. 1940. Die Koniferen des Oberkarbons
und des unteren Perms. Paleontographica Abt. B.,
85:243-363.

Gastaldo, R.A. 1987. Confirmation of Carboniferous
clastic swamp communities. Nature, 326:869-71.

Greenwood, D.R. 1991. The taphonomy of plant
macrofossils. In: Donovan, S. (ed.) The processes of
fossilization. New York: Columbia University
Press. p. 141-69.

Guerra-Sommer, M. 1989. Megatloras ocorrentes em
horizontes associados a carvoes no Rio Grande
do Sul. Pesquisas, 29:93-122.

Guerra-Sommer, M., Garcia, AJ.V,, Eastwood, MLE.,
Carneiro, L.F. 1981. Contribui¢io ao estudo da
Tafoflora da Formag¢io Rio Bonito (Membro
Triunfo) na drea de Marins, Estado do Parani. In:
SBG, Simpésio Regional de Geologia, 3. Curitiba.
Atas, 2:190-200.

Guerra-Sommer, M. and Bortoluzzi, C.A. 1982.
Conifera (?) com estrutura epidérmica preservada
no Gondwana sul-rio-grandense (Formagio Rio
Bonito Candiota). In.: SBG, Congresso Brasileiro
de Geologia, 32. Salvador. Anais, 4:1235-45.

Kriusel, R. 1961. Lycopodiopsis derbyi Renault und
einige andere Lycopodiales aus dem Gondwana —
Schichten. Palaeontographica Abt. B., 109:62-92.

Millan, J.H. 1972. Macroflérula carbonifera de Monte Mor,
Estado de Sdo Paulo. PhD thesis. Sio Paulo:
Instituto de Geociéncias, Universidade de Siao
Paulo (USP). 2 vols, 154 p.

Morrone, N. and Daemon, R.F. 1985. Jazida de
Uranio de Figueira, Parand. In: Schobbenhaus,
C. (coord.) Principais depésitos minerais do Brasil, v.1:
Recursos minerais energéticos. Brasilia: DNPM/
CVRD. p. 133-142.



TERRA, 1(1):44-51, 2004

RICARDI-BRANCO, F,, ROSLER, O.

Oliveira, E.P. 1927. Geologia e recursos minerais do Estado
do Parand. Rio de Janciro: DGMB. 172 p.
(Monograph Div. Geol. Mineral Bras., 6)

Pasqualini, M., Cunha, A.S., Guerra-Sommer, M.,
Piccoli, A.E.M. 1986. Anilise paleoecoldgica
de seqiiéncias paleofloristicas na drea de
Mariana Pimentel, Guaiba, RS. In: SBG, Con-
gresso Brasileiro de Geologia, 34. Goiania. Anais,
1:556-69.

Read, C.B. 1941. Plantas fésseis do Neopaleozéico do
Parand e Santa Catarina. Rio de Janeiro: DGMB.
102 p. (Monograph Div. Geol. Mineral Bras., 12)

Ricardi-Branco, F.S.T. 1998. Tafoflora Gondvénica do
Membro Triunfo Formagdo Rio Bonito (Eopermiano),
no municipio de Figueira, PR. PhD thesis. Sio Paulo:
Instituto de Geociéncias, Universidade de Sio
Paulo (USP). 182 p.

Ricardi-Branco, F., Arai, M., Résler, O. 2002.
Megaspores associated to the coal strata of the
Triunfo Member, Rio Bonito Formation, in the
NE of the State of Parana, Brazil. Anais da Academia
Brasileira de Ciéncias, 74:491-503.

Rigby, J.F. 1970. Distribution of Lower Gondwana
plants in the Parand Basin of Brazil. In: Gondwana
Symposium, 2. Pretoria. Proceedings and Papers,
575-84.

Raosler, O. 1972. Flora da Formagao Rio Bonito no Estado
do Parand. PhD thesis. Sio Paulo: Instituto de
Geociéncias, Universidade de Sio Paulo (USP).
130 p.

Rgsler, O. 1978. The Brazilian Eogondwanic floral
succession. Boletim IG-USP, 9:85-91

Essentials @%":ﬁa

MEDICAL

Edited By:
Olle Selinus-

Scheihing, M. and Pfefferkorn, H. 1984. The
taphonomy of land plants in the Orinoco delta: a
model for the incorporation of plant parts in
clastic sediments of Late Carboniferous age of
Euroamerica. Review Palaeobotany and Palynology,
41(3-4):205-40

Scott, A.C. 1979. The ecology of Coal Measure from
northern Britain. Proceedings of the Geologists’
Abssociation, 90:97-115.

Soares, PC.; Cava, L.T. 1982. Faciologia ¢ potencial
carbonifero da Formacgio Rio Bonito no norte do
Estado do Parana. In: SBG, Congresso Brasileiro
de Geologia, 32. Salvador. Anais, 3:1120-34.

Spicer, R.A. 1980 p. The importance of depositional
sorting to the biostratigraphy of plant megafossils.
In: Dilcher, D.L. and Taylor, T.N. (eds.) Biostratig-
raphy of fossil plants. Successional and Paleoecological
Analyses. Stroudsburg (Pennsylvania): Dowden,
Hutchinson & Ross. p. 171-83.

Zalan, PV., Wolff, S., Astolfi, M.A., Vieira, 1.S.,
Conceigao, J., Appi, V., Neto, E., Cerqueira, J.R.,
Marques, A. 1991. Tectonics and sedimentation
of the Parani Basin. In: IG-USP, International
Gondwana Symposium, 7. Sao Paulo. Proceedings,
83-117.

Zeiller, M.R. 1895. Note sur la flore fossile des
gisements houillers de Rio Grande do Sul (Brésil
méridional). Bulletin de la Societé Géologique de
France, Serie 3, 23:601-29.

Submitted in November 2002
Accepted in January 2003

Essentials of Medical Geology
Impacts of the Natural Environment on Public Health

Edited by:
Olle Selinus, Brian Alloway, José Centeno, Ron Fuge,
Robert Finkelman, Ulf Lindh and Pauline Smedley

Some contents:

- Medical Geology: perspectives and prospects

- Natural distribution and abundance of elements

- Anthropogenic sources

- Uptake of elements from a chemical point of view
- Environmental medicine, environmental pathology
- GIS in human health studies

Brian Alloway

Jose A. Centeno
Robert B. Finkelnmian
Ron Fuge

UIf Lindh

Pauline Smedley

- Histochemical and microprobe analysis in Medical Geology...
Appendices: International reference values, web links, Glossary.

Pub.: 2004 - ISBN: 0-12-636341-2 — 1024 pp. — List Price: $99.95 / Euro 89.95

Details: http://www.medicalgeology.org
or http://books.elsevier.com

51



