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RESUMO

Neste trabalho é apresentada a evolucdo do conhecimento paleontolégico e as evidéncias até
hoje registradas de paleoambientes marinhos na Bacia do Araripe, nordeste do Brasil, bem
como a descricdo e andlises de is6topos de C e O de uma nova espécie de molusco bivalvio,
objetivando contribuir para o conhecimento da paleomalacofauna e do paleoambiente da
Formacdo Santana (Eocretadceo). No primeiro trabalho procurou-se reconstituir a historia dos
primeiros 150 anos do conhecimento paleontoldgico da Bacia do Araripe e em qual cenério da
cultura geocientifica nacional ocorreram as diversas etapas deste desenvolvimento, através da
anélise de publicacbes que mencionam sua paleobiota e de relatos histdricos. No trabalho
seguinte foi realizada uma andlise critica da biota possivelmente marinha dos depdsitos
cretaceos da Bacia do Araripe registrada na literatura, objetivando oferecer uma visao integrada
da ocorréncia de organismos indubitavelmente marinhos na bacia, como subsidio para
direcionar futuras investigacdes paleontoldgicas. Ha citacfes de formas marinhas apenas na
Formacdo Santana (membros Crato e Romualdo), confirmando-se como realmente marinhos
somente alguns organismos deste Gltimo membro estratigréafico, ainda que mais investigacGes
sejam necessarias para elucidar esta questdo. Dessa forma, no ultimo trabalho é efetuado um
estudo taxondmico e geoquimico de uma nova espécie de bivalvio bagquevelideo proveniente
dos estratos mais superiores da Formacdo Santana (membro Romualdo, Pseudoptera beurleni
n.sp.), que revelou ser um habitante de ambientes mixohalinos rasos e bem oxigenados.
Pertencendo a um género predominantemente tethiano, sem ocorréncias assinaladas no
Atlantico Sul, P. beurleni possivelmente habitou uma extensdo rasa do mar de Tethys,
registrada pela deposigdo de carbonatos de mesma idade nas bacias do Araripe (Formagéo

Santana) e Grajau (Formagdo Codo).

Palavras-chave: Histéria da Paleontologia, Bacia do Araripe, Formacdo Santana, ambiente

marinho, paleoecologia, isétopos estaveis de C e O.



ABSTRACT

This study presents the evolution of paleontological knowledge and date evidence to date on
marine paleoenvironments in the Araripe Basin, northeastern Brazil. It is also description and
analysis of isotopes of C and O of a new species of bivalve mollusk as a contribution on
knowledge of mollusk fauna and paleoenvironment of the Santana Formation (Early
Cretaceous). In the first study aimed to reconstruct the history of the first 150 years of
paleontological knowledge Araripe Basin and in which scenario the national geoscience culture
occurred the various stages of development, through the analysis of publications that mention
your paleobiota and historical accounts. The work following is carried a critical analysis out of
the possible biota marine of Cretaceous deposits of the Araripe Basin reported in the literature.
This aims to offer an integrated view of the occurrence of marine forms in the basin for future
paleontology investigations. There are records of marine forms in only the Santana Formations
(Crato and Romualdo member) with confirmation of some organisms as marine only in the
latter member. However, more studies are necessary to clarify this question. Thus, in the latter
work a taxonomic and geochemical study is carried out on a new species of bivalve
Bakevelliddae from the upper strata of the Santana Formation (Romualdo member, Pseudoptera
beurleni n.sp.). It inhabited shallow, well-oxygenated mixohaline environments and belongs to
a predominantly tethyan genus. Since there are no significant occurrence in the South Atlantic,
P. beurleni may have inhabited a shallow extension of the Tethys Sea. This is registered by
deposits of carbonates of the same age in the Araripe Basin (Romualdo Formation) and Grajau

(Codo Formation).

Key words: Paleontology History, Araripe Basin, Santana Formation, marine environment,

paleoecology, C and O stable isotopes.
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1. INTRODUCAO

Sob a otica paleontoldgica, a Bacia do Araripe, nordeste do Brasil, tem se destacado
dentre as muitas bacias sedimentares do nordeste brasileiro e do mundo especialmente pela
inusitada e abundante ocorréncia de fosseis cretdceos em seus estratos, de excepcional
preservacdo. Deste modo, hd 200 anos esta bacia vem sendo estudada por geocientistas dos mais
diversos continentes, o que é comprovado por centenas de trabalhos publicados. Porém, uma
visdo global e sistematica de como se desenvolveu o conhecimento da paleontologia da Bacia
do Araripe, assim como se encontra o estado-da-arte do conhecimento de cada um dos
principais grupos taxondmicos ainda n&o foi efetuado.

Reconstituir a historia e evolugdo do conhecimento paleontolégico de uma bacia
sedimentar requer um estudo exaustivo dos trabalhos sobre ela publicados. No caso da Bacia do
Acraripe, estes trabalhos somam mais de 1500, vindos a lume desde 1810, com grande parte
deles publicados do exterior. Para realizar tal intento, foram necessarias visitas a bibliotecas
especializadas, museus, universidades, web sites e experientes profissionais. Estes foram
entrevistados para esclarecer davidas a cerca de fatos historicos, que auxiliam no entendimento
da variacdo de produtividade cientifica observada nos primeiros 150 anos de estudos
paleontolégicos sobre a Bacia do Araripe. O exame de publicacdes de cunho histérico também
se tornou necessario para explicar variagdes na quantidade e qualidade da producéo, assim como
a maior ou menor influéncia de autores estrangeiros. Este levantamento bibliografico e 0 exame
de seu conteido visaram também avaliar quais 0s grupos mais carentes de estudo, como, por
exemplo, invertebrados e palinomorfos, assim como os fésseis de algumas unidades
estratigraficas, como nas formagdes Brejo Santo, Misséo Velha e Rio da Batateira. Este trabalho
é parte de um livro que est4 sendo editado pela Secretaria da Cultura do Estado do Ceara, em
co-autoria com Maria Helena Hessel e Placido Cidade Nuvens, incluindo uma sintese da
geologia e paleontologia da Bacia do Araripe, uma sintese histérica do desenvolvimento da
Paleontologia da bacia até 2008, e uma listagem bibliografica completa dos trabalhos
publicados nos ultimos 200 anos sobre este tema. A coluna estratigrafica da Bacia do Araripe
nele apresentada é a que se encontra na Figura 1.

No trabalho de revisdo histdrica da paleontologia da Bacia do Araripe verificou-se que
uma das principais questdes ainda ndo resolvidas € o paleoambiente formador de algumas
unidades estratigraficas cretaceas, especialmente a Formagfes Santana (sensu Assine, 2008),
justamente a mais fossilifera. Assim, um segundo trabalho foi realizado com o levantamento
detalhado de todos os organismos possivelmente marinhos ja relatados na literatura para
identificar que taxons poderiam efetivamente auxiliar na interpretagdo paleoecolégica da Bacia

do Araripe. Na paleobiota desta unidade se destaca a presenca de peixes, organismos



tipicamente aquéticos e nectdnicos, que em principio poderiam fornecer uma solucdo deste
enigma. Entretanto, paleoictidlogos, com seus estudos morfo-taxondmicos e filogenéticos, ndo
tém chegado a consenso sobre esta questdo. Outros organismos muito abundantes nesta mesma
formacdo, como insetos e pterossauros, sdo formas voadoras, que pouco podem contribuir para
o entendimento das caracteristicas de um ambiente aquético. Vegetais, que sdo organismos
predominantemente terrestres, também pouco podem contribuir para esclarecer paleoambientes
aquaticos. Consequentemente, o estudo da fauna de invertebrados bent6nicos parece guardar a
solucéo deste instigante tema.
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Figura 1. Carta estratigrafica da Bacia do Araripe mostrando quatro sequéncias sedimentares separadas por
discordancias e depositadas acima do embasamento cristalino (de Hessel, Bruno & Nuvens, no prelo).

Formagdo Cariri

Considerando a existéncia de diversos moluscos ainda pouco estudados na Formacao
Santana, cuja coleta é de facil acesso, foi iniciado o estudo taxondmico desta malacofauna. O
exame do material coletado nas camadas mais superiores desta unidade revelou representantes
de um género de bivalvio baquevelideo cretaceo bem conhecido e de ampla distribuicdo
geografica, o que permitiu um amplo estudo comparativo. Entretanto, por se tratar de uma nova
espécie deste género, foram efetuadas analises isotdpicas nas conchas e na rocha encaixante
para determinar o grau de salinidade do ambiente de vida destes organismos bentdnicos,
revelando-se um excelente método auxiliar para a caracterizagdo paleoambiental. Naturalmente
é necesséria a investigacdo de outras formas de invertebrados bentdnicos da Bacia do Araripe
para que seja possivel reconstruir com mais exatiddo o paleoambiente aquatico desta bacia.

O exame dos estudos ja efetuados na Bacia do Araripe mostra que ela é ainda uma area
extremamente estimulante para estudos paleontoldgicos, estratigraficos, sedimentoldgicos e
geoquimicos que, transdisciplinarmente, poderdo contribuir para elucidar questBes
paleoambientais de um tempo de aquecimento global ocorrido no passado, auxiliando a

entender o que observamos em nosso planeta no presente.



2. OBJETIVOS

Obijetivando subsidiar questdes paleontoldgicas e paleoecoldgicas ainda controversas da
Bacia do Araripe, foi desenvolvida a presente tese, na qual é apresentada a evolucdo do
conhecimento paleontolégico nos 150 anos iniciais de sua investigagdo, as evidéncias
paleontoldgicas indicadoras de paleoambientes marinhos, e a descricdo taxondmica e
interpretacdo paleoecoldgica com o auxilio de analises isotopicas de C e O de um novo molusco

bivalvio das camadas mais superiores da Formagao Santana.

3. METODOS E RESULTADOS
Para a realizacdo da presente tese, e devido ao carater singular dos trés trabalhos
realizados, os métodos aplicados podem ser agrupados da seguinte forma:
° pesquisa bibliografica
. trabalhos de campo
e  andlises de laboratorio.
A pesquisa bibliogréafica foi realizada através da visita a 14 bibliotecas especializadas de
diversos Estados brasileiros, existentes no:
e Centro de Tecnologia e Geociéncias da Universidade Federal de Pernambuco
(UFPE, Recife)
e Laboratorio de Paleontologia da UFPE (Recife)
o Departamento Nacional de Producdo Mineral (Recife)
e Fundacdo Joaquim Nabuco (Recife)
e Instituto Histérico do Ceara (Fortaleza)
o Departamento Nacional de Producdo Mineral (Crato)
e Museu de Paleontologia da URCA em Santana do Cariri
e Universidade Federal do Rio Grande do Norte (Natal)
e Instituto Historico e Geografico do Rio Grande do Norte (Natal)
e Museu Camara Cascudo (Natal)
e Universidade Federal de Sergipe (Sao Cristdvao)
e Fundacéo Paleontologia Phoenix (Aracaju)
o Departamento Nacional de Producdo Mineral (Rio de Janeiro)
e Museu Nacional (Rio de Janeiro)
e Servigo Geologico Nacional (Rio de Janeiro).
Também foram consultadas algumas bibliotecas particulares, como a dos professores
Alcides Nobrega Sial (Recife), Gorki Mariano (Recife), Lucia Maria Mafra Valenca (Recife),

Maria de Fatima Santos (Natal), Maria Helena Hessel (Aracaju), Placido Cidade Nuvens



(Santana do Cariri), Sonia Maria Agostinho (Recife) e Virginio Henrique de Miranda Lopes

Neumann (Recife).

Centenas de web sites foram visitadas com o objetivo de elucidar questfes biograficas de

destacadas personalidades da Paleontologia da Bacia do Araripe, assim como pequenas davidas

sobre citagOes bibliogréaficas. Alguns dos webs sites mais consultados foram:

Foram

www.acd.ufrj.br
www.amhn.org
www.britannica.com
www.cfz.org.uk
www.faperj.br
www.fu-berlin.de
www.inova.unicamp.br
www.naturkundemuseum-bw.de
www.palarch.nl
www.port.ac.uk
www.usp.br
www.wikipedia.com

realizados quatro trabalhos de campo para o reconhecimento das unidades

estratigraficas fossiliferas em sua forma de exposicdo, litologia, estruturas sedimentares,

tafonomia dos fdsseis e outras feicbes geoldgicas que poderiam auxiliar no entendimento da

geologia, paleontologia e paleoecologia da Bacia do Araripe. Assim, foram efetuados trabalhos

de campo em:

de 24 a 31 de setembro de 2006: reconhecimento geral das formac6es fossiliferas
cretaceas da bacia, tanto na parte leste como oeste, especialmente nos municipios
de Araripina, Rancharia, Ipubi, Exu, Nova Olinda, Santana do Cariri, Crato,
Missdo Velha, Barbalha, Porteiras e Jardim;

de 01 a 10 de agosto de 2007: reconhecimento das ocorréncias aflorantes de
calcéarios e margas com bivalvios e gastropodos na porcdo leste da bacia, nos
municipios de Santana do Cariri, Crato, Barbalha e Jardim;

de 01 a 07 de fevereiro de 2008: coleta sisteméatica de bivalvios em sitios
selecionados das formagbes Rio da Batateira e Romualdo nos municipios do
Crato e Jardim, respectivamente;

de 26 a 31 de agosto de 2008: exame e comparacdo de exemplares de bivalvios
existentes no Museu de Paleontologia da URCA em Santana do Cariri, Geopark
Araripe e Departamento Nacional de Produgdo Mineral do Crato, e solicitagcdo de

material por empréstimo.



Nestes trabalhos de campo foram coletadas cerca de duas centenas de fésseis de moluscos
para posterior identificacdo e andlise. Todas as localidades de coleta foram fotografadas,
georeferenciadas e descritas.

Em laboratdrio, os fosseis coletados foram preparados com broca vibradora convencional
e estiletes de aco, sendo posteriormente medidos com paquimetro de aco, fotografados
(inclusive ao microscdpio) e reconstituidos graficamente. O material descrito est& depositado no
Museu Paleontologia da URCA em Santana do Cariri, Ceara.

As andlises isotopicas de carbono e de oxigénio em dez amostras litoldgicas e nove
fragmentos de concha de diferentes individuos foram realizadas em espectrometro de massa
SIRA 1l do Laboratério de Iso6topos Estaveis (LABISE) da Universidade Federal de
Pernambuco através do método convencional de digestdo (McCrea, 1950). Para estimar a
temperatura da dgua com a qual o carbonato se equilibrou isotopicamente foram adotadas as
equac0es de Epstein et al. (1953; modificada por Craig, 1965) e de Horibe & Oba (1972).

Com a sequéncia de trabalhos efetuados para a elaboracdo desta tese, podemos listar

como principais resultados, os seguintes trabalhos publicados ou submetidos a publicacéo.

3.1. PRIMEIRO ARTIGO (SUBMETIDO AO EARTH SCIENCE HISTORY JOURNAL)

THE PALEONTOLOGICAL HISTORY OF THE ARARIPE BASIN, NORTHEAST OF
BRAZIL, IN ITS FIRST 150 YEARS
ANA PAULA BRUNO' & MARIA HELENA HESSEL?

Neg-Labise, Universidade Federal de Pernambuco, Recife, PE, apsbruno@yahoo.com.br

2Universidade Federal do Ceara, Campus Cariri, Juazeiro do Norte, CE, mhhessel@gmail.com

ABSTRACT

This study reconstructs the evolution of paleontological knowledge of the Araripe Basin,
located in northeast of Brazil, during its first 150 years, using publications which mention its
paleobiota between 1810 and 1959. In the 19" century, the vast majority of scientists who
investigated the geological samples in this region reported the occurrence or the description of
fishes. The most important researchers of that time were Jean Louis Rodolphe Agassiz and Sir
Arthur Smith Woodward. Other Araripe fossils recorded in that century were the ostracods and
the conchostraceans. In the first half of the 20" century, fish continued to be the main focus of

paleontological investigations in the basin. In the 1950s, remnants from other groups of



organisms began to be recorded in the strata of the Araripe Basin, such as insects,
crocodylomorphs and amber. In the 150 first years of fossil-knowledge in the Araripe Basin,
most of the paleontological contributions came from foreign scientists, whereas sedimentary
geology was mainly investigated by Brazilian geologists. However, in the 1950s paleobiota-
knowledge of the Araripe Basin began to diversify with the greater participation of the Brazilian
scientists.

Keywords: Araripe Basin, Ceara, History of Paleontology, Northeastern Brazil

3.1.1. INTRODUCTION

The Araripe Basin is the fossiliferous deposit with the most exceptional preserved forms
of life that existed in Brazil around 100 million years ago. Its fossils are world renowned and
sought after by innumerable paleontologists because they preserve, in rich detail and in three
dimensions, organisms that have been flattened by the weight of the rocks in other parts of the
world. It is the most extensive of the interior basins in the Brazilian northeast, with around 8000
km?, located between the coordinates 38°30° and 40°50°W and 7°05° and 7°50°S, in the states of
Ceard, Pernambuco and Piaui. It is composed of a sequence of predominantly Mesozoic
sediments formed as a consequence of different geological events related to the rifting of the
Gondwana continent and subsequent opening of the South Atlantic. The sedimentary layers that
it is composed of are practically horizontal, with a slight dip to the west.

The sedimentary filling of the Araripe Basin occurred in four depositional sequences
(Assine, 2008). The Paleozoic sequence (Ordovician-Silurian?) is represented by thick
sandstone with conglomeratic levels from the Cariri Formation, remnants of extensive fluvial
sedimentation in the Brazilian northeast during the Paleozoic.

The pre-rift sequence (Jurassic) is represented by marls and lacustrine clays with fish remnants
from the Brejo Santo Formation and by sandstones and conglomerates with silicified trunks
from the Missdo Velha Formation. The syn-rift (Eocretaceous) sequence is represented by fine
sandstones and siltstones from the Abaiara Formation, which records a deposition in
floodplains, where ostracods and palynomorphs occur. The post-rift sequence has a portion
dated as Aptian, represented by the Barbalha Formation, and another portion from the Albian to
the Cenomanian, composed of the Santana, Araripina and Exu Formations. The deltaic fine-
grained sandstones and shales of the Barbalha Formation preserved fish, mollusks,
conchostraceans, palynomorphs and coprolites. The laminated limestones and shales from the
base of the Santana Formation deposited in a lagunar environment contain remnants of fish,
arthropods, algae, plants, amphibians, reptiles, pterosaurs and birds. Small crustaceans and
mollusks, plants, stromatolites and coprolites occur in the dark shales interspersed with the

evaporitic deposits from the Santana Formation. The sandstones and the marls with calcareous



concretions from the upper part of the Santana Formation contain fish, echinoids, mollusks,
ostracods and plants. Clays and sandstones with echinoids make up the Araripina Formation and
the reddish afossiliferous clay sandstones represent the Exu Formation.

The present day continents of Africa, South America, Antarctic and India were still part
of the Gondwana when the Araripe Formation started to form. During the time between the
Ordovician and the Eosilurian (?),in the region composed of basement granite rocks formed a
low-lying area that was filled by clastic rocks of the Cariri Formation. Around 270 million years
later (Neojurassic), the region once again became a low-lying area and was flooded, forming
shallow lakes and swamps, as shown by the Brejo Santo Formation. Over the time, the rivers
became larger and began to transport more clastic rocks from nearby hills, which were already
covered by coniferous forests, depositing the Missdo Velha Formation. The Gondwana began to
fracture, but the Araripe region continued as a low-lying area, full of water and sediments
brought by rivers, perhaps forming a delta, as recorded by the Abaiara Formation.

After around 10 million years (Aptian-Albian), when South America had already
separated from Africa and the South Atlantic Ocean was being formed, once again the Araripe
region remained sufficiently low for rivers to be carved out, as recorded by the Barbalha
Formation. With the passage of time, floodplains with low vegetation and even a fresh water
lake inhabited by small fishes, crustaceans and algae, with insects and pterosaurs flying
overhead were formed. All this was recorded in the laminated limestones from the Santana
Formation. The climate was hot and humid, but became gradually dryer, until the lake dried up,
forming thick layers of gypsite, as recorded in Ipubi layers of the Santana Formation. Later the
climate became milder and a coastal lagunar environment was formed with a number of marine
and fluvial water inlets. From this era come the fish, crocodiles, turtles, pterosaurs and
dinosaurs preserved today in calcareous concretions from the Santana Formation. Subsequently,

all the region silted and dried up, as evidenced by the Arajara and Exu Formations.

3.1.2. MATERIALS AND METHODS

An exhaustive bibliographic review starting from the early 19" century to analyze the
paleontological knowledge of the Cariri sub-basin revealed 126 titles referring to the
paleontology, stratigraphy, sedimentology and related geological areas of the Araripe Basin up
to the end of 1959, representing 150 years of paleontological research in this basin. This list
does not include a description of maps and geological quadrangles, bibliographic references,
daily newspaper articles, pamphlets, scientific journals and magazine supplements. Nor are non-
published or restricted access work, such as short course notes, internal reports and corporate

studies included. The vast majority of studies were examined in their original form.



A number of historical studies not directly related to the paleontology of the Araripe
Basin were consulted to enrich the description of the historical moment or to fill in gaps in the
available information. The main sources were: Nogueira (1888), Branner (1909), Gonsalves
(1928), Iglesias (1943), Camargo Mendes (1945), Leonardos (1970, 1973), Nobre (1978),
Fittkau (2001), Paiva (2002), Pinheiro & Lopes (2002, 2006), Lopes & Silva (2003), Figueirba
et al. (2004), Telles (2004) and Carvalho & Santos (2005).

3.1.3. PALEONTOLOGICAL HISTORY OF THE ARARIPE BASIN

All the geological history of the Araripe Basin was deduced by several scientists that
investigated its rocks and fossils, and who continue to detail it and correct it through new
studies and discoveries. Hundreds of scientific articles were published and translated into
various languages. In the present work, we present the history of paleontological development
in the Araripe Basin, emphasizing individuals who collaborated and who collaborate with their
published studies in reconstructing the geological history of this important paleontological
region of Brazil. This area has long been neglected, probably because it is located in the semi-
arid hinterland of the northeast, far from large urban centers, renowned universities and research
institutions.

In the 19" century, we found just over 30 published articles mentioning the Araripe
Basin fossils, most of which are reports of visits to the plateau or of information transmitted
orally by third parties. In 1846, the first geological map, elaborated by the Austrian geologist
Franz Fotterle, was published in Vienna, with no formal designation of the Araripe plateau. The
first Brazilian scientific journal, the Archivos do Museu Nacional, was founded in 1876. In the
same year, the Escola de Minas de Ouro Preto was created, forming engineers who later
contributed greatly to Brazilian geological knowledge, including that of the Araripe Basin.

The first half of the 20™ century saw the emergence of descriptions and comparisons of
the ichthyofauna and ostracofauna fossils of the Araripe Basin with fauna known in Europe and
in North America. The first geological maps also date from this period. These maps include the
Araripe area and all were created by foreigners. At this time, around twenty Brazilian geologists
and engineers published observations on the sedimentology and stratigraphy of Araripe, perhaps
stimulated by the creation of the Geological and Mineralogical Service of Brazil (1907), the
Brazilian Academy of Sciences (1916), the National Department of Mineral Production (1933)
and the Brazilian Society of Geology (1946). Shortly after, the National Research Council
(CNPq, 1951) and the Brazilian Society of Paleontology (1958) were also created.

3.1.3.1. Pioneers of the 19" century
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Lieutenant-Coronel and Rio de Janeiro-born naturalist Jodo da Sylva Feij6 was the first to
record the fossils present in the Araripe Basin in “Introduction to a philosophical and political
essay on the Ceara Captaincy to be used in its general history”, published by the Royal Press of
Rio de Janeiro, in 1810. In this essay, Feijo, who was a member of the Royal Academy of
Sciences of Lisbon, reports on an expedition he undertook in the hinterland of Ceara, between
1799 and 1800, and on the collection of several petrifications of fish on lands of the Gameleira
sugar cane estate, between Missdo Velha and Milagres. On that occasion, Feijo sent a specimen
of his work to the Governor of Ceard Captaincy, along with a collection of fossiliferous
concretions packed in boxes (Antunes et al., 2005). Four years later, he published an article in
the prestigious Rio de Janeiro journal entitled “O Patriota”, where he describes “the rarest and
most curious faint petrifications of fish” that he found in the Cariri highlands. This article was
republished in 1889 in the Quarterly Journal of the Cearé Institute of Fortaleza, Brazil.

In 1815, the state of Brazil was elevated to the rank of kingdom and in 1818 the Royal
Museum (formerly the Natural History Museum) was founded in Rio de Janeiro. It was a
reference point for foreign naturalists who came to collect scientific material to study in their
homeland. Thus, shortly after, in 1822, the year Brazil became a monarchy, the German Baron
and Lieutenant-Coronel Wilhelm Ludwig Freiherr von Eschwege, who lived in Brazil from
1810 to 1812, reported Feijé’s findings in a note about the geology of Brazil published in
Weimar. One year later, this note was also translated into French (edited in Paris) and English
(Edinburgh).

The next publication was a result of other German visitors who also did not visit the
Araripe plateau. It is an extensive report of their travels in Brazil, led by the doctor and
zoologist Johann Baptist Ritter von Spix with the collaboration of the young botanist Karl
Friedrich Philipp von Martius, published in 1823, in Munich. In 1819, these scientists were in
Oeiras, Piaui, perhaps at the suggestion of von Eschwege, of whom they were friends. On that
occasion, they received a collection of calcareous concretions, and communicated this fact in
the first volume of their report sent to Maximilian Joseph I, the king of Baviera. Another
volume of this report (edited in 1831) shows the first illustration of a calcareous concretion
containing a fossil fish from Araripe. The report was reedited in the 19" century in London
(1824) and in Augsburg (1846), and in the following century in Brazil and Germany. In 1825, a
summary of this trip was published in a Nirnberg journal, confirming once again the success of
this large body of work and the scientific curiosity at the time surrounding the natural riches of
Brazil.

In 1841, new publications emerged in London on the paleontology of the Araripe
region, in works by the Scottish doctor and botanist George Gardner. These comprise three
reports in which the author describes the collection of different calcareous concretions with

fossil fish and ostracods that he gathered in 1838 in Barra do Jardim, Mundo Novo, Santana do



11

Brejo Grande and on the Massapé farm, all located in the state of Ceard. During the same year,
the Swiss doctor (naturalized American), Jean Louis Rodolphe Agassiz describes and draws in
Edinburg, based on the specimens collected by von Spix and von Martius, the first South
American fossil fish, all related to new species briefly mentioned by Agassiz in an article
published in Neuchéatel. In 1843, Gardner reported in Glasgow, details on the geology of the
area where the fossil fish were found. He was the first European scientist to visit Cariri and
describe its geology. One year later (1844), in Paris, Agassiz adds, with an introduction by
Francois de Chabrillac, new data on this discovery, dating the fish as cretaceous, based on their
scale type. In 1846, the complete report of Gardner’s travels, which had equally significant
editorial repercussions, was published in London and shortly after re-edited in Dresden (1848)
and London (1849).

The Brazilian publications of that time, describing the fossils of Ceara, are found in the
elementary geology book written by the naturalist Nereo Boubée (1846), edited by the National
Typographic Publishing Company of Rio de Janeiro for the agronomy students, in which there
are two brief mentions of this unusual fossil occurrence: one authored by von Eschwege and the
other by Gardner. In 1863, the B. de Mattos typographic publishing company of Fortaleza
released a statistical essay on Ceard written by the Ceara-born lawyer and Senator Thomaz
Pompeu de Souza Brazil, where there are references to the work of Feij6. In 1856, the first
Scientific Exploration Commission was organized in Brazil. An expedition of Brazilian
researchers was formed to recognize the wide variety of natural riches from the lesser known
Brazilian provinces and to collect material for the National Museum. Ceara was chosen as the
first province to be visited. The geological and mineralogical components of this expedition was
led by the Minas Gerais-born engineer and Major Guilherme Schiich Capanema, the first and
only Baron of Capanema, who reported his observations of the geology of Ceara in several
articles published in the newspaper “Diario do Rio de Janeiro”. Later, in 1868, this newspaper
published these reports by Capanema in a book, where there are brief mentions of the fossil fish
of Araripe.

A report describing the already well-known fossil fish of Cearad appeared in Boston in
1870. The article was published by the Canadian (naturalized American) geologist Charles
Frederic Hartt. Two Brazilians republished these notes in Rio de Janeiro: the Bahia-born
politician Felisberto Caldeira Brant Pontes Barbacena, second Viscount of Barbacena (1877)
and the Ceara-born provincial congressman Marco Antonio de Macedo (1878). At that time,
four scientific articles emerged describing the fossils collected in the Araripe Basin: one by the
Englishman Thomas Rupert Jones on conchostracean arthropods (1887) and three by Sir Arthur
Smith Woodward on fish (1887, 1890 and 1895). This renowned English paleontologist visited
Brazil in 1896, but he did not go to Araripe.
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At the end of the 19" century, mentions of Araripe fossils, based on earlier reports and
studies, are found. These published articles include those of José Pompeu de A. Cavalcanti
(1888, in Rio de Janeiro), the American John Casper Branner (1889 and 1893) the Englishman
William H. Brown (1890, in London), the French engineer Louis Emile Dombré (1893, in
Recife), the French paleontologist Charles Eugéne Bertrand (1898, in Lille), the American
geologist Charles Rochester Eastman (1898, in Chicago), and the American (naturalized
Brazilian) Orville Adelbert Derby (1895 and 1900, in Rio de Janeiro), the latter published in the
book “Summary of Geology” by Albert Felix de Lapparent.

3.1.3.2. Pioneers of the 20" century

At the beginning of the 20™ century there was a natural transition in the scenario of
paleontological-sedimentological studies published on the Araripe Basin, with the continued
investigation by some authors and the emergence of others. At the turn of the century, the
French mining engineer Joseph Henri Ferdinand Douvillé relates the cretaceous layers of Ceara
with others known in Europe and North America. In the following years, Charles Eugéne
Bertrand (1901 and 1906) and John Casper Branner (1906) continued to publish their studies,
while new names emerged: the Austrian geologist Friedrich Katzer (1902 and 1903), and the
American ichthyologist David Starr Jordan (1907), who in 1910 described, along with Branner,
four more new species of fossil fish. These two authors also mention the presence of ostracods
in the calcareous concretions.

Among all the foreigners in the first decade of the 20" century, there were three reports
written by Ceara-born authors: one on the gypsite of Ceara by the Rio de Janeiro-born journalist
Virgilio Brigido (1903), another on a fish of the genus Notelops authored by the Ceara-born
Francisco de Paula Pessda (1905), and a third by professor Thomaz Pompéo de Sousa Brasil
(son of the previously mentioned senator) in his book entitled “Ceara at the beginning of the 20"
century” (1909). In 1907, the Geological and Mineralogical Service of Brazil was created.

In the second decade of the century ten studies were published containing information on
the fossil record of Cariri, some of which were re-editions, such as the report on Gardner’s trip,
translated to Portuguese in 1912 for the Quarterly Journal of the Ceard Institute of Fortaleza,
from Branner’s book (1915). The Ceara Institute, through its quarterly journal, also highlighted,
in 1912, the fossils of Ceard in an article by Alfredo de Carvalho about George Gardner and in
the publication of letters written by Jodo da Sylva Feijé. Also published in Portuguese were the
five geological articles published by the California engineer Roderic Crandall (1910; and later
re-edited in 1923), by the American geologist Horace L. Small (1914; re-edited in 1923 and
1941), by the Ceara-born naturalist Francisco Dias da Rocha (1911), by the Bahia-born Coronel

Heraclito Carvalho (1913) and by the Minas Gerais-born mining engineer and professor Alberto
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Betim Paes Leme (1920). In 1910, Katzer published, in Vienna, a synthesis of the geology of
Ceard, including observations on the Araripe plateau. In 1919, Branner presented a synthesis of
Brazilian geology in Washington. New forms of fish also continued to be identified and
described by Jordan (1920). In 1910, the first geological map of the state of Cearéa appeared. It
was authored by the American Horace Elbert Williams and was strongly based on observations
made by Guilherme Schiich de Capanema, in 1856.

The 1920s was the period in which Brazilian authors produced a majority of the work on
the Araripe Basin, all summaries and sedimentary or stratigraphic studies. Nevertheless, it is
one of the least productive decades for the paleontology of the Araripe Basin (only ten
published studies). Important names from the Brazilian geological literature emerged, such as
the Bahia-born chemical engineer Sylvio Froes de Abreu (1922, 1928 and 1929) and the Minas
Gerais-born geologists Antonio de Barros Barreto (1928) and Euzébio Paulo de Oliveira (1929),
along with Alberto Betim Paes Leme (1924 and 1929), already known for his reports on the
Acraripe Basin. Paleontology was led by important foreign scientists such as: David Starr Jordan
(1923), who continued to describe fish fossilized in concretions, and Carlotta Joaquina Maury
(1929), an American paleontologist who reported on the abundant presence of ostracods at
determinate levels of the sedimentary sequence of the Araripe Basin.

In the 1930s, we once again observe the presence of Brazilians dedicated to the geology
of the Araripe plateau, mainly the gypsite deposits. Only a little more than ten studies or reports
were published, but the Annals of the Brazilian Academy of Sciences had been issuing a
quarterly publication since 1929. The articles published in that decade were authored by Frdes
de Abreu (1931), Euzébio Paulo de Oliveira (1933, 1936), the Rio de Janeiro-born geologist
Luiz Fléres Moraes Rego (1935), the German geologist Heinrich Gerth (1935), the Minas
Gerais-born mining engineers Carlos Gomes Filho (1935), Djalma Guimardes (1936), Gerson
de Faria Alvim (1937 and 1939) and Trajano de Mello Moraes (1938). The Napolitan
paleontologist Geremia D’Erasmo (1938) revised Jordan's descriptions of fish from the Santana
Formation. In 1938 a two-volume edition of von Spix and von Martius™ work was published in
Rio de Janeiro.

The 1940s were more productive, with almost two dozen published articles, written
mainly by Brazilians, on the paleontology, sedimentology and/or stratigraphy of the Araripe
Basin. In 1940, a study was published by the American ichthyologist David Hosbrook Dunkle
on the osteology of the fish Notelops brama, described by Woodward in 1901. In 1941, the
Brazilian version of Charles Frederic Hartt's book of travels was published as well as a study by
the Ceara-born engineer Thomaz Pompeu Sobrinho on the geological structure of his home
state. In 1943, two important books on Brazilian geology appeared: one by Rio de Janeiro-born
Avelino Ignacio de Oliveira and Minas Gerais native Othon Henry Leonardos and the other by
Alberto Betim Paes Leme, along with studies by Frées de Abreu (from 1942 to 1944) and short
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travel notes by the Rio Grande do Sul-born Jesuit Balduino Rambo (1943). In 1942, Gardner’s
“Travels in Brasil” was re-edited. In 1945, the first work on Araripe Basin fish was published
by the Rio de Janeiro-born paleo-ichthyologist Rubens da Silva Santos, who would become one
of the foremost experts on this area. This marked the real beginning of the Brazilian
paleontology phase at the Araripe Basin. During his lifetime Santos published nearly three
dozen articles on the fossil fish of this basin. In the same year, the Sdo Paulo-born professor and
geologist Josué Camargo Mendes draws an excellent historical outline of paleontological
investigations in Brazil, not to mention his research in Cariri. In 1946, the Brazilian Society of
Geology was created and a geology-related article was published by Ceara-born Major Joaquim
Alves. The decade ended with publications on fossil fish authored by the American zoologist
Bobb Schaeffer (1947) and by Rubens da Silva Santos (1947), as well as on the geology of the
region, written by the American geologist Frederick Byron Plummer (1948).

Starting in 1950, the fossils of Cariri became the focus of study by Brazilian
paleontologists, in general from the south and southeast of the country. New organism groups
were incorporated into the paleontological knowledge of the Araripe Basin, thereby diversifying
their study. Along with Rubens da Silva, who continued his investigations on the fish of the
region (1950 and 1958), emerged a description of crocodylus remnants by the Rio Grande do
Sul-born paleontologist (son of Americans) Llewellyn lvor Price (1959). In 1950, the first study
of a fossil insect (mayfly nymph) from the laminated limestones of the Santana Formation was
conducted by the Rio de Janeiro-born doctor and entomologist Angelo Moreira da Costa Lima
and in 1959, a note on the presence of amber in the Araripe was written by the Rio de Janeiro-
born chemist Feiga Rebeca Tiomno Rosenthal. The other articles published in that decade were
stratigraphic (Barbosa, 1953), geomorphological (Czajka, 1957) or more generalized geological
observations (Erichsen, 1953; Petrone, 1955; A.l. Oliveira, 1956; P.E. Oliveira, 1958; and
Martins, 1959).

3.1.4. CONSIDERATIONS AND CONCLUSIONS

The casual discovery of fossils on the lands of the Gameleira sugar cane estate by Jodo
da Sylva Feijo, before 1800, published in his reports of 1810 and 1814 for the Governor of
Cearéd province, was undoubtedly the object of curiosity and comment among foreign naturalists
that visited the Royal Museum in Rio de Janeiro, such as Wilhelm Ludwig Freiherr von
Eschwege, who lived in Brazil between 1810 and 1821, and Johann Baptist Ritter von Spix
who, at that time, along with Karl Friedrich Philipp von Martius, was undertaking an expedition
into the interior of Brazil. When von Eschwege returned to Germany, he soon reported Feijo’s
discovery in an 1822 note published in Weimar, and presented one year later in Paris and

Edinburgh. Apparently the English were very interested in these items, since a short time after,
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in 1838, the Scottish botanist George Gardner explored the rocks in the southern hinterland of
Ceara. Thus, the Araripe region has taken part in the international paleontological scenario since
its discovery.

Fish were the first fossils known and described in the Araripe Basin, given their
abundance and three-dimensional preservation within calcareous concretions. In the 19"
century, the vast majority of scientists that investigated the geological samples of this region
focused on describing these fish or reporting on their occurrence. Among these were Jean Louis
Rodolphe Agassiz and Sir Arthur Smith Woodward. Other Araripe fossils recorded in that
century were small crustaceans with calcareous shells: the ostracods, mentioned by George
Gardner (1941), and the conchostraceans, described by Thomas Rupert Jones (1887).

In the first half of the following century, fish continued to predominate in
paleontological investigations of the Araripe Basin, highlighted by studies conducted by David
Starr Jordan (from 1910 to 1923), Geremia D’Erasmo (1938), David Hosbrook Dunkle (1940),
Rubens da Silva Santos (1945, 1947) and Bobb Schaeffer (1947). Microscopic ostracods did not
arouse much interest, given that they were only mentioned by David Starr Jordan and John
Casper Branner (1910) and by Carlotta Joaquina Maury (1929). However, the limestone
lithology of the region spawned innumerable studies, especially those on the thick gypsite
layers, which were declared by Virgilio Brigido in 1903 as having high economic value.

In the early 1950s, fossil fish were researched by Rubens da Silva Santos, but other
groups of organisms began to be recorded in the strata of the Araripe Basin. In 1950, Angelo
Moreira da Costa Lima described a small insect occurring in the laminated limestones of the
Santana Formation, which would later reveal exceptionally diversified and excellently preserved
arthropod fauna. In 1959, the first paleobotanic record in the basin occurred, with a brief note by
Feiga Rebeca Tiomno Rosenthal on the presence of amber. In the same year, another group of
vertebrates were included in the cretacean paleobiota of the basin, thanks to a description of a
crocodylomorph by Llewellyn Ivor Price.

One hundred and fifty years after the first report of fossils in the Araripe region was
published, the paleontological knowledge of its exceptional and abundant fossils was still quite
limited, practically restricted to fish and a few crustaceans. Most of the paleontological
contributions came from foreign researchers, whereas sedimentary geology was mainly studied
by Brazilian geologists. However, in the 1950s the paleobiota knowledge of the Araripe Basin

began to diversify, with the greater participation of Brazilian scientists.
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RESUM O: Estetrabalho apresentaumaandlise criticadafaunaeflorapossivelmen-
te marinha j& registrada nos depdsitos cretaceos da Bacia do Araripe, objetivando ofere-
cer uma visdo integrada da ocorréncia de organismos indubitavel mente marinhos na ba-
cia, como subsidio para direcionar futuras investigacGes paleontoldgicas. De todas as
unidades estratigréficas desta seqiiéncia, apenas nas formagdes Crato e Romualdo ha
citagBes de formas marinhas. Nos cal cérios laminados da Formagao Crato sdo conhecidos
Dastilbe crandalli, um peixe aparentemente eurihalino, Cladocyclus gardneri e celacan-
tos tidos como de aguas salinas, Araripemys barretoi, um queldnio considerado dulcea-
quiicola, e bivavios que habitavam aguas ndo-marinhas. Nos folhelhos desta formagéo,
ocorrem conchostraceos, bivalvios e algas dulceaquicolas, sendo a presenca de ostraco-
des marinhos ainda duvidosa. Deste modo, pelo registro naliteratura, ndo ficacomprova
do que organismos tipicamente marinhos viviam no ambiente de deposi¢éo da Formagéo
Crato. Nas concregdes calcarias da Formagdo Romualdo ocorrem peixes osteicties mari-
nhos, como Vinctifer comptoni, Tharrhias araripis e Rhacolepis buccalis. Os raros cela-
cantos e o tubar&o Tribodus limae sdo aparentemente ndo-marinhos; a raia lansan beur-
leni € marinha sublitorénea; e os quel 6nios sdo na maioria de ambiente dulcicola. Dentre
os invertebrados benténicos tipicamente marinhos, ha os equindides irregulares Pygurus
tinocoi e P. araripensis, e os gastropodos Gymnentome romualdoi, Craginia araripensis
e Cerithium cf. austinense. Os bivalviosjaidentificados taxonomicamente (Aguileria sp.)
sdo de ambiente transicional. O caranguejo Araripecarcinus ferreirai é tido como de
aguas doces, e 0 camardo Paleomattea deliciosa, marinho. A presenca de foraminiferos
na Formagdo Romualdo, como Rhodonascia bontei, Quinquel oculina sp., outros milioli-
deos e rotaliideos indeterminados, indica uma origem marinha, assim como os dinoflage-
lados Subtilisphaera sp. e Spiriferites sp. Observa-se, deste modo, que ha organismos
comprovadamente marinhos registrados na Formagdo Romualdo. Entretanto, a diversida-
de pal eobi ol 6gica cretéceadaBaciado Araripe parece refl etir umadiversidade pal eoambi-
ental no tempo e no espaco associada a uma grande dinamica aquética, que ainda exige
estudos detalhados para uma interpretacdo integrada dos eventos ocorridos.

Palavras chave: BaciadoAraripe, Formacdo Crato, Formagdo Romual do, organismosmarinhos.
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Ana P. S. Bruno e Maria H. Hessel

ABSTRACT: Thework presentsacritical analysis of the possible marine faunaand
floraaready registered in the Cretaceous deposits of the Araripe Basin, with the objective
to furnish an integrated vision of the occurrence of unequivocal marine organismsin the
basin, and direct future paleontological inquiries. Among al the stratigraphic unitsin the
Basin, only the Crato and Romual do formations are mentioned to have marine organisms.
Inthelaminate cal careous of the Crato Formation, Dastilbe crandalli, apparently aeuriha-
line fish, Cladocyclus gardneri and coelacanths from saline waters, Araripemys barretoi,
considered afresh water turtle, and bivalves that inhabited non-marine waters are known.
In the shales of this unit, occur freshwater conchostracans, bivalves, and seaweed, but
the presence of marine ostracodes is still doubtful. Thus, is not confirmed that typically
marine organisms living in the deposition environmental of the Crato Formation. In the
cal careous concretions of the Romualdo Formation there are marine ostei chthyan fishes,
as Minctifer comptoni, Tharrhias araripis, and Rhacolepis buccalis. The coelacanths and
the shark Tribodus limae apparently are non-marine; the ray lansan beurleni is marine
sublittoral; and the turtles are mainly from freshwater environments. Amongst the typi-
cally marine benthic invertebrates, there are irregular echinoids Pygurus tinocoi and P.
araripensis, and gastropods Gymnentome romualdoi, Craginia araripensis and Ceri-
thium cf. austinense. The bivalves previously taxonomically identified (Aguileria sp.) are
of transitional environment. The crab Araripecarcinus ferreirai inhabited in freshwaters
and the shrimp Paleomattea deliciosa, in marine environment. The presence of foramini-
fera in the Romualdo Formation, such as Rhodonascia bontei, Quinqueloculina sp.,
indeterminate miliolidsand rotaliids, indicate amarine origin, aswell asthe dinoflagellates
Subtilisphaera sp. e Spiriferites sp. Thus, there are marine organisms recorded in the
Romualdo Formation. However, the Cretaceous paleobiological diversity of the Araripe
Basin seems to reflect the palacoenvironmenta diversity in time and space, associated
with a great aguatic dynamics, which needs still demands detailed studies for an integra-
ted interpretation of the occurred events.

Keywords: Araripe Basin, Crato Formation, Romual do Formation, marine organisms.
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Registros paleontolégicos do cretaceo marinho na Bacia do Araripe

INTRODUCAO

Nointerior do nordeste brasileiro, exis-
tem diversas pequenas bacias sedimentares
com depositos mesozdicos, cujo paeocambi-
ente de deposicdo ainda foi pouco estuda
do (bacias de Quintals, Sitide Rio dos Bas-
tides no Ceara; Rio Nazaré e Pau dos Ferros
no Rio Grande do Norte; Afogados da Inga-
zeira, Beténia, Serra Talhada e Tupanaci em
Pernambuco, por exemplo) ou ainda é con-
trovertido (BaciadoAraripe), pelo menosem
algumas de suas unidades. Outras bacias,
como a do Barro, Lima Campos, Mahada
Vermelha, Lavras de Mangabeira e 1¢c6 no
Estado do Cearg; SerraVermelha, PadreMar-
cos e Riacho do Padre no Piaui; e Rio do
Peixe, Vertentes, Pombal e Uiralinano Esta-
do da Paraiba, sdo em geral aceitas como
formadas em condi¢gdes ndo-marinhas. De
qualquer modo, aforaaBaciadoAraripe, ndo
ha nenhuma referéncia de organismo tipica-
mente marinho nestas bacias.

Atualmente, aBaciado Araripe ocupa
cerca de 8000km?, sendo sua principal area
delimitada ao norte pelo lineamento de Pa-
tos e ao sul pelafalha de Farias Brito (Ne-
ves, 1990). Sua sequiéncia sedimentar creté-
ceafoi depositadaao longo de quase 50 mi-
Ihdes de anos, compreendendo sete unida-
des estratigréficas (Neumann & Cabrera,
1999). A Formag@o Abaiararepresentaamais
antiga sedimentacdo deste periodo geol 6gi-
co, sendo formada predominantemente por
folhelhos e siltitos com intercalagBes de are-
nitosfinos e margas, deidade berriasiana? a
hauteriviana? (Arai et al., 2001). Discordan-
tementeacima(Medeiroset al., 2001), estdo
os arenitos médios com intercal agbes de sil-
titos argilosos e arenitos mais finos da For-
macdo Rio daBatateira, em cujaporcdo mais
superior héa folhelhos escuros, depositados
provavel mente durante o Aptiano. Mais aci-
ma, encontram-se os calcarios laminados de
mesmaidade (Coimbraet al., 2002) da For-
macdo Crato e os depdsitos de gipsita e ani-
drita intercalados por folhelhos escuros da
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Formacgo | pubi. Apésumadiscordanciacom
superficie erosiona (Viana & Cavalcanti,
1991), estéo as margas e arenitos finos com
concregdes ca carias da Formagdo Romual-
do (neo-aptiana, segundo Regali, 2001), re-
cobertas pela Formagdo Argjara, composta
por uma sequiéncia de siltitos avermelhados
eo-albianos (Arai et al., 2004). Apos outra
lacuna estratigréfica, haos depositos de are-
nitos de granulacdo de média a grossa com
bancos conglomeréticos da Formagéo Exu,
até hoje tidos como afossiliferos.

Os fosseis mais conhecidos da Bacia
do Araripe sdo indubitavelmente os peixes
gue ocorrem em incontéveis nédul os calca
rios da Formacdo Romualdo (Carvalho &
Santos, 2005). Plummer (1948) mencionaque
0s peixes desta formagao, identificados por
Jordan, “comumente indicam agua doce ou
salobra’, mostrando “que elafoi depositada
numa série de lagos ou, pelo menos, numa
série de balas interiores. O elevado nimero
de ostracodes indica abundancia de supri-
mento de alimentos para os peixes e agran-
de quantidade de restos de peixes encontra-
dos em uma secéo de vérios metros faz su-
por que a massa d &gua secava periodica
mente, causando amorte de muitos peixes’.
ParaPrice(1959) eMartill (1988, 1989, 1989%b,
1990), esteseventos de mortdidade em mas-
sa eram devidos provavelmente ao brusco
aumento de salinidade no ambiente onde os
peixesviviam, o que deixariaas aguas hiper-
salinas e facilitaria suardpidafossilizagdo e
excepcional preservaco.

Martill (1990b) observa que ha algu-
mas evidéncias de que as &guas eram mari-
nhas antes da deposi¢do dos peixes pre-
servados em concregfes, mas 0s organis-
mos bentdnicos associados ndo revelam
pertencer a uma biota de aguas marinhas,
como atesta a presenca de ostracodes dar-
winuléaceos, cipridaceos e citeraceos (Arai
& Coimbra, 1990), de conchostraceos (Car-
valho & Viana, 1993) e de cardfitas (Silva,
1975; Saraivaet al., 2003). Ponte (1992) ad-
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mite que a presenca de equindides e mo-
luscos marinhos nos calcérios da Forma-
¢80 Romualdo registram “uma efémerain-
cursdo marinhanaguelabacid’, talvez “atra
vés da Bacia da Parnaiba, como postulado
originalmente por Beurlen (1963)".
Slva-Santos& Vaenga(1968) mostram
uma reconstrucdo paleocambiental da depo-
sicdo do Grupo Santana, naqual incluem re-
presentantes de todos os géneros de peixes
até entdo descritos nas formagdes Crato e
Romual do no mesmo ambiente (Fig.6), ainda
gue no texto afirmem “queviviam provavel -
mente em diferentes zonas de um mar”. Es-
tes autores, assim como Mabesoone & Ti-
noco (1973) eViana(1990a), admitem queesta
ictiofauna é indistintamente marinha, resul-
tante de uma extensa transgressdo, 0 que
seria confirmado pela presenca de equindi-
des nas camadas mais superiores da Forma
¢do Romualdo. Silva-Santos & Valenca
(1968) mencionam ainda que os “restos de
plantas e de animais de hébitos terrestre e
dulceagliicola, como o crocodilideo e um
quel dnio nessas camadas comprovam o aflu-
xo0 de &guasfluviais ou pluviais nesse ambi-
ente, formado por um largo golfo”. Wenz &
PM. Brito (1990) sumariam asidé asexpres-
sas por Bate (1972), que considera a associ-
ac&o de peixes e ostracodes do Grupo San-
tanacomo de &guasdoces, edeMartill (1988),
gue considera o ambiente francamente mari-
nho, concluindo que, parainterpretar perfei-
tamente 0 ambiente deposiciona da Forma-
¢80 Romualdo, é preciso considerar as as-
sociagdes faunisticas e floristicas como um
todo ao longo do tempo de deposi¢éo.
Ponte (1992) admite que, com exce-
¢do da Formagao Romualdo, que é de ori-
gem marinhalitorénea, todas as demaisfor-
macOes mesozdicas da Bacia do Araripe
“sdo de origem essencialmente continen-
tal”. Neste contexto, asformacesAbaiara,
RiodaBatateira, Crato, |pubi, Aragjarae Exu
seriam ndo-marinhas, ainda que nelas, por
vezes, tenham sido registrados fosseis de
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diferentes ambientes, alguns possivelmen-
temarinhos (Cavalcanti & Viana, 1990; Arai,
1999; Barbosaet al., 2004).

Na Formagéo Abaiara ocorrem ostra-
codes cipridéaceos e citeréceos (Coimbra et
al., 2002), dém depainomorfos(Arai etal.,
2004). Os folhelhos escuros da Formagéo
Rio da Batateira so bastante fossiliferos,
neles ocorrendo fragmentos de peixes, con-
chostraceos, palinomorfos (Ponte & Appi,
1990) e coprolitos (Souto et al., 2001). Pe-
guenos peixes, restos de vegetais e algas
s80 extremamente comunsem algunsniveis
da Formagéo Crato (Neumann et al., 2003;
P.M. Brito et al., 2005), assim como insetos
e outros artrépodos (Martins Neto & Mes-
quita, 1991). Nestaunidade, tambémfoi re-
gistrada a presenca menos frequente de
bivéalvios (Barbosa et al., 2004), de gastré-
podos e conchostréaceos (Viana, 1992), de
anuros, aves e pterosauros (Maisey, 1991,
Kellner, 2006), de quelénios (Oliveira &
Kellner, 2005) e de ostracodes darwinul&
ceose bairdiaceos (Silva, 1976). NaForma-
¢do Ipubi ocorrem ostracodes darwinul&
ceos, cipridaceos e citeréceos (Coimbra et
al., 2002), conchostréaceos, fragmentos de
conchas de moluscos, restos de vegetais
superiores, estromatdlitos (Arai et al., 2004)
e coprolitos (Souto et al., 2001). E na For-
magao Arajara sdo encontrados os icnof os-
seis Diplocraterion sp., Skolithos sp. e
Taenidiumsp. (Arai, 1999), tanto de origem
continental como marinha.

Apesar destas informagdes e inter-
pretacBes contraditorias, persisteumaidéa
de que a seguiéncia mesozodica da Bacia do
Araripefoi depositada sob influénciamari-
nha, talvez por causa da abundante ictio-
fauna, com tubarfes e raias (em geral con-
siderados marinhos), e da presencade equi-
nodermas, dinoflagelados e foraminiferos,
ainda que geogréfica e/ou temporalmente
restrita. Desta forma, no presente estudo &
apresentada uma andlise da fauna e flora
possivelmente marinha ja registrada nos
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depdsitos cretéceos da Bacia do Araripe,
objetivando oferecer uma visdo integrada
daocorrénciaestratigraficae geograficade
organismos indubitavelmente marinhos na
bacia, como subsidio para direcionar futu-
ras investigaces paleontol égicas.

MATERIAISEMETODOS

Para a elaboracdo do presente traba-
Iho, foi efetuada uma exaustiva consultada
bibliografia relacionada a paleontologia da
Baciado Araripe e demais baciasinteriores
do nordeste brasileiro, visando listar todos
0s registros de organismos possivelmente
marinhosjacitados naliteratura, demodo a
proceder, posteriormente, a andlise critica
destas citactes. Foi realizadaumaatualiza-
¢do estratigréfica, com base na proposta
deNeumann & Cabrera(1999), etaxondmi-
ca, com baseemWenz & PM. Brito (1990),
Silva-Santos (1991) e Maisey (1991; 2001),
para possibilitar uma sintese do conheci-
mento por unidade estratigréfica. Foram
selecionadas as informacgfes relevantes,
descartando-se as citagdes generalizadas
por grupo de organismo ou as listagens de
fosseis baseadas em autores precedentes.

PEIXESEREPTEIS
AictiofaunacretéceadaBaciado Ara
ripe € uma das mais estudadas, com mais de
20 géneros conhecidos, provenientes das
formagdes Crato e Romualdo (Wenz & PM.
Brito, 1990; Slva-Santos, 1991; Maisay, 1991,
2001). Aindaédesconhecidaasdinidadedas
aguas onde viviam alguns destes peixes, ou
por serem extintos ou por ndo possuirem
correlatos atuais, como € o caso dos géne-
ros ocorrentes na Formagdo Romualdo e de
procedéncia geogréfica incerta: Araripich-
thys Silva-Santos 1985; |emanja Wenz 1989,
Placidichthys PM. Brito 2000; Oshunia
Wenz & Kellner 1986; e Beurlenichthys Fi-
gueiredo & Gallo 2004, este também ocor-
rentenaFormacdo Crato (Figueiredo & Gdllo,
2004). Na Formagdo Romualdo aindahare-
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feréncias a géneros de peixes possivelmen-
te eurihalinos, que toleram grandes varia-
¢Oes de sdlinidade, vivendo em mares, estu-
arios, deltas derios, regides deintermarés e
de baixa salinidade, ndo sendo diagndsticos
deambiente marinhos. Entre eles, estéo Ara-
ripelepidotes Silva-Santos 1985, Branneri-
on Jordan 1919, Calamopleurus Agassiz
1841, NotelopsWoodward 1901 e Parael ops
Silva-Santos1971.

Nos calcarios laminados da Formagdo
Crato sdo conhecidos abundantes restos de
Dastilbe crandalli Jordan 1910, um género
eurihalino (Davis & Martill, 1999) que pos-
sui formasmarinhas (Oliveira, 1978), deam-
biente litoréneo (Silva-Santos & Valenca,
1968) ou lacustre (Maisey, 2001). Aindanos
calcérios desta formag&o, proximo alocali-
dade de Crato, s80 encontrados raros restos
de Cladocyclus gardneri Agassiz 1841, um
género é tido como marinho litoréneo por
Silva-Santos & Vaenca (1968) e Oliveira
(1978), aindaque Maisey (2001) admitaque
sgjatambém lacustre. Destas mesmas cama-
das, PM. Brito & Martill (1999) descreveram
restosde um jovem exemplar decelanto, que
atualmente € um grupo marinho, ainda que
no Cretéceo apresentasse formas ndo-mari-
nhas (Maisey, 2001). Ocorrem aindanaFor-
macao Crato, porém semregistro delitologia
associada e bem mais raramente, Vinctifer
longirostrisPM. Brito, Martill & Wenz 1998,
pertencente a um género considerado mari-
nho (PM. Brito et al., 2005) e Beurlenichthys
diasi (Silva-Santos 1958), este vivendo em
aguas cuja salinidade ainda é desconhecida
(Silva-Santos, 1995).

Na Formacdo Romualdo, onde os pei-
xes osteites sdo mais conhecidos e estuda
dos, em geral ocorrendo em concrecdes cal-
cérias, sdo reconhecidamente marinhos os
géneros\Minctifer eTharrhias(Oliveira, 1978;
Maisey, 2001). Vinctifer comptoni (Agassiz
1841) é 0 segundo taxon de peixe maisabun-
dante nosictidlitos destaformacao (Fig.1b),
sendo encontrado com freqiiéncia nos mu-
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nicipios de Jardim e Missdo Velha. Também
s80 abundantes Tharrhias araripis Jordan
& Branner 1908 (incluindo o sinbnimo junior
T. rochae (Jordan & Branner, 1908), cf. Mai-
sey, 1991), especialmente em Santana do
Cariri, sendo maisraro em Jardim. Silva-San-
tos & Valenca (1968) sugerem que viveriam
em ambiente marinho litoraneo. Rhacolepis

Ana P. S. Bruno e Maria H. Hessel

buccalisAgassiz 1841 é o peixe mais abun-
dante na Formag&o Romualdo (Fig.18), sen-
do muito freqiiente em PedraBranca, Jardim
e Missdo Velha Parece também ter sido de
aguas marinhas (Maisey, 2001), ainda que
Silva-Santos & Valenga (1968) o reconheca
como um possivel habitante de estuérios e
lagunas litoraness.

Figura 1 —Concregoes cal carias da Formagao Romual do com espécimes de: Rhacolepisbuccalis(a)
e Vinctifer comptoni (b). Fotografias de Maria Helena Hessel; barra indica 1cm.

NaFormagdo Romual do também ocor-
rem fésseis de celacantos, como Axelrodi-
chthys araripensis Maisey 1986 e Mawso-
nia gigas Woodward 1907, que é o maior
peixe até hoje encontrado nesta unidade es-
tratigréficadaBaciado Araripe, ambos pro-
venientes daregido de Jardim. Aindaque os
celacantos atuais sejam marinhos de aguas
profundas, Maisey (2001) menciona que o
género Mawsonia € ndo-marinho.

Dentre os peixes condricties que fo-
ram registrados naliteraturacomo proveni-
entes da Formagdo Romualdo, hAumaraia
do género lansan e um tubardo do género
Tribodus. Aindade ocorrénciarara, poisfoi
encontrada apenas em Lagoa de Dentro
(Pernambuco) e no norte cearense da cha-
pada, lansan beurleni (Silva-Santos 1968)
€ tida como uma forma marinha que viveu
provavel mente na parte mais interna de zo-
nas sublitoréneas (Silva-Santos & Valen-
¢a, 1968), podendo eventual mente entrar em
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aguas doces. O outro condricte presente
nesta unidade é o selaquio Tribodus limae
PM. Brito & Ferreira1989, coletado emlo-
cal desconhecido, que, segundo Maisey ou
€ uma forma marinha que eventualmente
entra em aguas doces (1996) ou é de ambi-
entes ndo-marinhos (2001), como 0 meso-
z6ico género Hybodus.

Os répteis agqudticos fosseis ocorren-
tes naBaciado Araripe sdo encontrados nas
formagtes Crato e Romualdo, pertencentes
adois grupostaxondmicos: queldénios e cro-
codilianos, estes Ultimos considerados to-
dos de aguas doces. Os quelbnios sdo mais
conhecidos naFormacdo Romualdo, deonde
foi descrito o primeiro exemplar, proveniente
deumaminaa2km de Santanado Cariri: Ara-
ripemysbarretoi Price 1973, quetambémfoi
registrado na Formag&o Crato (Oliveira &
Kellner, 2005). Posteriormente foram descri-
tas, da Formagdo Romualdo, as espécies
Santanachelysgaffneyi Hirayama1998; Bra-
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silemysjosai Broin 2000 e Cearachelyspla-
cidoi Gaffney, Campos & Hirayama 2001
(Qliveira& Kdlner, 2005), dém deumaespé-
cieindeterminadado género Teneremys(Bro-
in& Campos, 1985). Price (1973) considerou
a espécie por ele descrita como marinha, e
Santos (1982) enfatizou seu cardter adcto-
ne. Oliveira & Kellner (2005) sugerem que
Araripemysbarretoi, naFormagéo Crato, por
estar associada a restos de anuros, seria de
ambientedulcicola. Broin & Campos (1985)
e Broin (2000) mencionam que representan-
tes dos géneros Araripemys, Teneremys e
BrasilemysnaBaciadoAraripe pertencem a
“uma rica faunula ndo-marinha de peixes’.
Gaffney et al. (2001) admitem que Ceara-
chelys placidoi tanto pode ser uma tartaru-
gamarinhacosteiracomo dul ceagiicola, ten-
do sido coletada em locd incerto. E a espé-
cie de Santanachelys é considerada por Hi-
rayama(1998) como marinha.

INVERTEBRADOS

Dentre os invertebrados tipicamente
marinhos relatados como ocorrentes na
BaciadoAraripe, hdequinodermas, molus-
cos e artrépodos, relacionados tanto a For-
macao Crato como a Formagdo Romualdo.

A presenca de equindides é registra-
dadesde adécada de’ 60, em bancos calc&
rios naregido de I pubi —Arariping, inicial-
mente através dos trabalhos de K. Beurlen
(19624, 1962b, 1963, 1966) e de seus a unos:
Albuquerque (1963), Anjos (1963) e Costa
(1963). Apenas duas espécies sao descri-
tas, ambas de equindidesirregulares (Man-
so0 & Hessal, 2005; Fig.2): Pygurus tinocoi
K. Beurlen 1966, e P. araripensis (K. Beur-
len 1966), ambas associadas a uma peque-
na fauna composta por gastrépodos, bival-
vios, anelideos e ostracodes, além de raros
fragmentos de peixesindeterminados (Ber-
thou et al., 1990).

Figura 2 — Exemplar do equindide Pygurus araripensis da Formagdo Romualdo (barraindica 1cm;

fotografias de Cleide Regina Moura).

Duas classes de moluscos estéo re-
presentadas na Bacia do Araripe: a dos bi-
valvios e a dos gastropodos. Enquanto os
bivalvios foram mencionados nas forma-
¢des Crato e Romualdo, os gastrépodos
foram identificados apenas em niveis es-
tratigréficos acimadosictidlitos da Forma-
¢do Romualdo, em bancos calcarios (K.
Beurlen, 1963).

NaFormagéo Crato, amaioriadasfor-
mas de bivalvios conhecidos pertence a gé-
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neros atualmente marinhos: Yoldia, Barba-
tia e Malletia (Barbosa et al., 2004; Fig.3).
Entretanto, ocorrem nas mesmas camadas
que os abundantes espécimes do género ti-
picamente dulceaquicola, Pseudohyria, in-
dicando que possivelmente as formas fos-
seis viviam em aguas menos salgadas do
que as atuais. S0 encontrados em folhe-
Ihos aflorantes no rio da Batateira e na re-
gi&o de NovaOlinda, Barbalha e Santanado
Cariri, porcéo lestedaBaciadeAraripe.
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Figura 3: Exemplares dos bivalvios Barbatia sp. (a) e Malletia sp. (b) da Formagao Crato (barra

indica 1cm; fotografias de José Antonio Barbosa).

Os hivélvios ocorrentes nos deposi-
tos calcarios da Formagdo Romualdo estéo
representados por espécimes que provém
da regido de Lagoa de Dentro e Araripina
Aguileria sp., Crassatella? sp., Anomia? sp.
e Brachidontes? sp., estes dois Ultimos tam-
bém presentes nos municipios de Santana
do Cariri, Ipubi e Exu, onde ocorrem repre-
sentantes de Corbula? sp. (K. Beurlen,
1963). Santos (1982) citaaocorrénciadePli-
catula sp. no municipio de Caldeirdo Gran-
de, Piaui, e Sdes et al. (2001) registram a

presenca de um mitilideo na regi&o de Jar-
dim. Estas formas nunca foram descritas e
ilustradas, de modo que sequer suaidentifi-
cacdo taxondmicaéconhecida A maioriados
géneros mencionados € eurihalina de ampla
distribuicdo geogréfica, com excecéo de
Aguileria, que é um bivavio que vive em
ambientes transicionais, sob &guas de mais
baixasdinidade (Hessal & Filizola, 1991). Os
mitilideostambém vivem em ambientes ma-
rinhos e salobros, e Plicatula sp. € de uma
familiaaparentemente marinha.

Figura 4 —Banco calcario com gastropodos da Formagao Romualdo aflorante proximo a Araripina

(fotografia de Antonio de Souza Leal).
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Todos os gastrépodos fésseis iden-
tificados da Bacia do Araripe provém da
Formac&o Romualdo, ocorrendo de modo
geral em bancos calcarios (Fig.4) das regi-
Oesdelpubi eAraripina (K. Beurlen, 1963,
1964; Mabesoone & Tinoco, 1973): Gym-
nentomeromualdoi K. Beurlen 1964 (Fig.5)
e Craginia araripensis K. Beurlen 1964
(que aparentemente também é encontrada
no Crato e Exu), e formas preliminarmente
relacionadas a gastrépodos turriteliformes
e neritdides, que foram registrados ainda

em Porteiras e Barbalha. Santos (1982) e
Saleset al. (2001) registraram apresengade
Cerithium cf. austinense na regiéo de Cal-
deirdo Grande, Piaui. K. Beurlen (1964) ob-
servou que G romualdoi e C. araripensis
sdo formas marinhas, ocorrendo em ban-
cos calcérios junto com equindides, restri-
tos ao sudoeste da bacia. Cerithium é um
génerotido como marinho, e osdemaisgas-
tropodos necessitam uma identificagéo ta-
xondmica precisa para serem utilizados
como referenciai s palecambientais.

Figura 5 — Os gastropodos Gymnentome romualdoi (a) e Craginia araripensis (b) da Formacéo

Romualdo, como ilustrados por K. Beurlen (1964).

Dentre os artropodos aquéticos, pos-
sivelmente marinhos, jaregistrados na Ba-
ciado Araripe (exceto ostracodes), na For-
macdo Romualdo, h& uma espécie de ca
ranguejo descritapor Martins Neto (1987):
Araripecarcinus ferreirai. Esta forma foi
encontrada namesma concrecéo onde ocor-
re um espécime de Vinctifer comptoni, pro-
vindo deumapedreiralocalizadaproximo a
Porteiras, Ceara. As formas atuais da su-
perfamilia Portunidae, a qual pertence A.
ferreirai, sGo marinhas, masisto ndo signi-
fica que este género também tenha sido
marinho, de modo que o autor considerou
provisoriamente este caranguejo como um
habitante de &guas doces. O outro tédxon
de artropodo com possibilidade de ser de
origem marinha € um camar&o da espécie
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Paleomattea deliciosa Maisey & Carva-
Iho, 1995, encontrado em noédulos cal cari-
os (K. Beurlen, 1963), em folhelhos af| oran-
tes em Santana do Cariri (Viana & Agosti-
nho, 1995) e também no contelido estoma-
cal de Rhacolepis (Maisey & Carvalho,
1995). Viana & Agostinho (1995) o consi-
deram de origem marinha.

Ha ainda o registro de copépodos pa-
rasitas do grupo Dichelesthiocidea, que fo-
ram reconheci dos nas brénquias de um exem-
plar de Cladocyclus gardneri (Cressey &
Patterson, 1973), encontrado dentro de um
ictiolito com ostracodes dulcicolas (Lima,
1979). Maisey (2001) admite que esta espé-
cie de peixe é eurihalina, vivendo tanto em
ambientes marinhos como lacustres. Mar-
tinsNeto (1987) salienta, citando Cressey &
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Patterson (1973), que “o0s copépodos sdo
t&o abundantes nas comunidades de ambi-
ente marinho como nas de &gua doce, em-
bora os autores afirmassem que 0s copépo-
dos de Araripe fossem marinhos e que Cla-
docyclus, ao invés de forma marinha, fosse
uma forma atamente tolerante a variagbes
de salinidade, podendo contaminar-se com
parasitas marinhos e perecer em &guadoce’.

MICROFOSSEIS

Dentre os microfdsseis possivelmen-
te marinhos relatados como ocorrentes na
Bacia do Araripe h& os foraminiferos, os-
tracodes e dinoflagelados.

Branner (1915) foi o primeiro amenci-
onar a presenca de foraminiferos na Bacia
do Araripe, citando que ela“ contém quan-
tidades enormes de foraminiferos fossels,
mostrando claramente que estas formagdes
sd0 depositos marinhos’. Carvalho & Car-
valho (1974) citam a ocorréncia de forami-
niferos bent6nicos numa tabel a-sintese, ao
analisar amostras da perfuracdo GSB-1 em
SerraBranca, proximo alpubi. Lima (1978,
1979) reconhece um foraminifero quitinoso
ocorrente na Formagdo Romualdo como
sendo da espécie Rhodonascia bontei Deak
1964, tido pelo autor como marinho néo
costeiro. Berthou et al. (1990) assindlam e
ilustram foraminiferos miliolideos, entre os
quais Quinqueloculina sp., e formas hi-
alinas indeterminadas provenientes de es-
tratos da Formagdo Romualdo naregido de
Pedra Branca, considerando-os como de
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origemmarinha Arai & Coimbra(1990) men-
cionam a presenca de foraminiferos quiti-
nosos e rotaliideos indeterminados ao es-
tudarem amostras do pogo 2-AP-1-CE, ao
sudeste da cidade de Araripe, Ceard,

Os ostracodes cretaceos sdo fosseis
muito comuns e bastante estudados na
Bacia do Araripe, onde ocorrem ao longo
de toda a sequéncia, com excecdo talvez
das formagBes Rio da Batateira, Argjara e
Exu. Predominam os cipridaceos, mas da-
rwinuléceos e citeréceos sdo também co-
muns (Hessel et al., 2006), todos habitan-
tes de ambientes de &guas doces ou salo-
bras. Ostracodes tipicamente marinhos, os
bairdiéceos, foram descritoseilustrados por
Silva (1976; Fig.6a-b) nos folhelhos aflor-
antes da Formagéo Crato, porém ndo mais
confirmados em estudos posteriores.

Dinoflagelados provenientes da For-
macdo Romualdo (naargilacinza-escuralogo
acima da gipsita da Formac&o 1pubi) foram
ilustrados por Lima(1971; Fig.6¢), que estu-
dou amostras da perfuragéo GSB-1, munici-
pio de lpubi. Arai & Coimbra (1990) obser-
varam inimeras espécies de dinoflagelados
em amostras do poco 2-AP-1-CE, naporcéo
oeste da Bacia do Araripe, ilustrando com
exemplares dos géneros Subtilisphaera e
Siriferites. Os autores mencionam que esta
associacdo sugere uma indubitavel influén-
ciamarinha. Dino & Viana (2001) acrescen-
taram que estas ocorréncias observadas por
Aral & Coimbra(1990) correspondem aam-
bientes marinhos distais e de baixa energia,

Figura 6 — Microfsseis da Bacia do Araripe: Bairdia? . (8) e Bythocypris p. (b), osracodes da Formacéo
Crato (ilustrages de Slva, 1975); dinoflagelado da Formag&o Romualdo (c; ilustragdo de Lima, 1971).
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por sua associagdo com grande quantidade
dematériaorganicaamorfa. Ponset al. (1990)
relataram a presenca de dinocistos na For-
macdo Rio daBatateira, queArai (2002) pro-
vou serem resultantes de retrabalhamento
de espécies de acritarcos marinhos devoni-
anos, que ocorrem nas formagdes Abaiarae
Rio daBatateira

CONS DERACOESSOBRE SAL INIDADE

A aptiana Formacado Crato € conside-
rada por K. Beurlen (1971) e Ponte (1992)
como depositada em um ambiente lacustre
de aguas doces em uma bacia relativamente
restrita. Mabesoone & Tinoco (1973) suge-
rem que deve ter sido depositada em &guas
camas, pelo baixo percentual defdssaisfrag-
mentados, além de indicios de ordem sedi-
mentar (laminagdo dos calcarios e dos fo-
Ihelhos). Mabesoone et al. (2000) admitem
gue esta unidade representa a deposicdo de
um lago de &guas doces e rasas, com peixes
do género eurihalino Dastilbe e anfibios
anuros (Leal & Brito, 2006), aos quais Bar-
bosa et al. (2004) acrescentaram a ocorrén-
ciade bivdvios. Moura et al. (2006) consi-
deram o ambiente de deposicdo da Forma
¢do Crato como “lacustre interno com pou-
ca ou quase nenhuma energia’.

Nos calcérios da Formagao Crato
ocorrem abundantes restos de pequenos
Dastilbe, um peixe eurihalino, e raros re-
presentantes de Cladocyclus gardneri e
de celacantos, tidos como de ambientes
salinos. Um queldnio procedente destes
calcérios laminados, Araripemys barretoi,
tem sido considerado como dulceagiicola,
por sua associagdo a anuros. Nesta litolo-
gia, ainda ocorrem Yoldia, Barbatia e Mal-
letia, géneros de bivalvios atualmente ma-
rinhos, associados a Pseudohyria, tipica-
mente dulceaqliicola, sendo assim consi-
derados como possivelmente tolerantes a
variacOes de salinidade.

Nos folhelhos da Formacdo Crato
ocorrem conchostréceos, representantes
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do bivéalvio Pseudohyria e algas do género
Botryococcus, todos tipicamente dul ceaqii-
colas. E ainda existe o registro de ostraco-
des bairdiaceos, que sdo marinhos, mas
cuja presenca ndo foi confirmada em estu-
dos posteriores, sendo este dado aqui ndo
considerado. AindanaFormacéo Crato, mas
sem registro em qual litologia ocorrem, ha
raros espécimes dos peixes Beurlenichthys
diasii, cujas caracteristicas do ambiente de
vida s8o desconhecidas, e Vinctifer longi-
rostris, cujo género é considerado marinho.

Neumann et al. (2001, 2003) postul a-
ram que a Formag&o Crato foi depositada
em um sistema lacustre salino com certa
influéncia de aguas doces (pantanos e pla-
nicies de inundagdo). Esta hipotese pode
ser confirmada pela predominéancia de cal-
cérios sobre os folhelhos nesta unidade,
estes contendo organismos tolerantes a
variacdes de salinidade: Dastilbe cran-
dalli, Yoldia sp., Barbatia sp. e Malletia
sp. Periodicamente, por ocorréncia de tor-
mentas e enchentes fluviais, as aguas des-
ta bacia lacustre relativamente restrita (K.
Beurlen, 1971) tornavam-se estratificada-
mentemenossalinas, o que éregistrado pela
deposicéo de folhelhos com bivalvios do
género Pseudohyria e conchostraceos.
Nestas ocasi6es, também ocorreriam explo-
sbes bidticas das algas verde-amarelas
Botryococcus sp., que viveriam em aguas
camaserasas (Mabesoone & Tinoco, 1973;
Mabesoone et al., 2000). Aparentemente
Cladocyclus gardneri vivia no ambiente
lacustre salino e, por ser estenohalino, mor-
ria quando as aguas tornavam-se doces e
havia a explosdo algdlica (o0 que reduzia a
disponibilidade de oxigénio no ambiente),
fossilizando ent&o no folhelho. Vinctifer
longirostris, ainda que marinho, poderia
ingressar em &guas menos salinas em tem-
pos de reproduc&o, como sugerido por
PM. Britoet al. (2005).

Assim sendo, pelo registro na litera-
tura, ndo fica comprovado que organismos
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tipicamente marinhos viviam no ambiente
de deposicdo da Formaco Crato, que aflo-
ra na porcao leste da Bacia do Araripe (re-
0i&0 de Santanado Cariri, Crato, Barbalhae
NovaOlinda).

NaFormagéo Romualdo, peixesosteic-
ties considerados de ambiente marinho ocor-
rem com fregiiénciaem ictidlitos daregido
de Santanado Cariri, PedraBranca, Jardim
eMissdo Velha (Fig.7): Vinctifer comptoni,
Tharrhias araripis, este género talvez sen-
dolitoraneo (Silva-Santos & Vaenca, 1968).
O peixe mais abundante nesta unidade é
Rhacolepis buccalis, que Maisey (2001)
consideramarinho e Silva-Santos & Valen-
¢a (1968) como de estuérios e de lagunas
litoraneas. Ainda nesta formagéo, na &rea
deJardim, ocorrem raros peixes celacantos,
como o Axelrodichthys araripensis e Ma-
wsonia gigas, este tido como ndo-marinho.
Dentre os peixes condricties, ha o registro
da raia lansan beurleni, que Silva-Santos
& Vaenca (1968) sugerem ter vivido em
zonas sublitoraneas. O outro condricte pre-
sente é o tubardo Tribodus limae que é ndo-
marinho. Os peixes daFormac&o Romualdo
parecem indicar que viviam em ambientes
de diferentes salinidades, pois também ha
vérias formas eurihalinas: Araripelepido-
tes, Brannerion, Calamopleurus, Notelops
e Paraelops. Esta diversidade provavel-

Ana P. S. Bruno e Maria H. Hessel

mente reflete ndo somente diferentes con-
digBes palecambientais em distintas &reas
geogréaficas e no tempo geoldgico, como
também uma dinamica aquética relaciona-
da a eventuais incursdes marinhas e/ou ao
estabel ecimento de uma estratificacéo hali-
na das aguas.

Ja entre os répteis possivel mente ma-
rinhos ocorrentes nas concregoes calcarias
da Formacgdo Romualdo, ha os quelénios,
emgeral de procedénciadesconhecida: Ara-
ripemys barretoi, que seriade ambiente dul-
cicola, assim como Teneremys sp. e Brasile-
mysjosai. Cearachelys placidoi eraaparen-
tementeumaespécie eurihaing, vivendo tan-
to em ambientes marinhos costeiros como
dulcicolas, e Santanachelys gaffneyi é con-
Siderada marinha. Estes registros sugerem
gueo Unico exemplar de quel 6nio daForma-
¢80 Romualdo tido como de origem marinha
deve ter fossilizado de forma al éctone.

Dentre os invertebrados marinhos
ocorrentes na Formagdo Romualdo (Fig.7),
em bancos calcérios, ha duas espécies de
equindidesirregulares: Pygurustinocoi e P.
araripensis, ambas associadas a uma fauna
de gastropodos ainda pouco estudados:
Gymnentome romualdoi, Craginia arari-
pensis, Cerithium cf. austinense e formas
turriteliformes e neritéides. Estes organis-
mos ocorrem freqlientemente napor¢do oes-

Grupo Santana
sedimentagio
pré-cretacea

Formagdo Exu

.,.Qi) =\ \{m“m :

e

38 bivalvios AT
& equindides \"C?_
@ gastropodos .
4 dinoflagelados Bacia de Cedro’
£ foraminiferos Bacia de 5.Jos:
do
au00 ECEI 36120

& peixes

Figura7 —Mapageol 6gico simplificado da Bacia do Araripe, comasindicagBesaproximadasda ocorréncia
de organismos tipicamente marinhos da Formagdo Romualdo (modificado de Arai et d., 2004).
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te da bacia, como em Porteiras, Caldeiréo
Grande, Missdo Vel ha, | pubi eArariping, mas
foram também observados aleste, no Crato,
em Santanado Cariri eBarbalha. K. Beurlen
(1964) abservaque G romualdoi e C. arari-
pensis sdo formas marinhas. Os bivalvios
da Formacdo Romualdo ocorrem namesma
areados gastrépodos e permanecem até hoje
classificados preliminarmente, com excecéo
de Aguileria sp., que é umaforma que vive
em ambientes transicionais, sob aguas de
baixa salinidade. Ainda nesta unidade estra-
tigrafica, encontram-se restos de artropodos
aquéticos que poderiam ser de origem mari-
nha: o caranguejo Araripecarcinus ferrei-
rai, provavelmente de &guas doces, e 0 ca
mardo Paleomattea deliciosa, encontrado
em nodul os calcarios, dentro de peixeseem
margas, tido como marinho.

A literatura assim nos fornece uma
Visdo novamente variada do palecambien-
te indicado pelos invertebrados ocorren-
tesnaFormacdo Romualdo daBaciadoAra
ripe: enquanto os bancos calcarios e rica
mente fossiliferos do oeste da bacia pare-
cem ter sido depositados em ambiente de
francainfluéncia marinha, com equindides
e gastrépodos, os bivalvios e artropodos
parecem ser de ambientes menos salinos e
de umadistribuicdo geogréficamaisampla.

No registro de microfosseis da For-
macdo Romualdo ha foraminiferos, como
Rhodonascia bontei, Quingueloculina sp.
eoutrosmiliolideos e rotaliideosindetermi-
nados, todos considerados como de origem
marinha, habitando provavelmente ambien-
tes rasos e costeiros. H4 também inimeras
espécies de dinoflagelados provenientes
desta formag&o, como os géneros Subtilis-
phaera e Spiriferites, sugerindo novamen-
te uma indubitéavel influéncia marinha no
ambiente de deposi¢do, representando pro-
vavelmente &reas mais distais e de baixa
energia (Dino & Viana, 2001). Ainda que
copépodos parasitas sgjam geralmente ma-
rinhos, o fato de serem encontrados alguns
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de seus exemplares nas branquias de um
Cladocyclus gardneri pode simplesmente
refletir uma ocasional contaminag@o deste
individuo.

Assim sendo, os microfosseis (fora
miniferos e dinoflagelados), ainda que de
formageograficamente restrita, indicam que
houve influéncia marinha em algum tempo
de deposicdo da Formac&o Romualdo, cor-
roborando os dados obtidos com os inver-
tebrados (equindides e gastropodos) e os
peixes (Vinctifer, Tharrhias e Rhacolepis).

Silva-Santos & Valenca (1968) apre-
sentaram a hipétese de que durante o tem-
po de deposicdo da Formacdo Romualdo
haveria na regido da Bacia do Araripe um
largo golfo com afluxo de &guas fluviais.
Estafei¢cao geomorfol 6gicapoderiater sido
anatural evolugdo de uma laguna costeira
existente no inicio da sedimentacdo desta
unidade, quando as &guas marinhas que
entéo depositavam parte da Formacdo Codo
navizinhaBaciadaParnaiba(Campos, 1964)
ingressaram temporariamente na Bacia do
Araripe. As &guas deste possivel golfo te-
riam variacOes de salinidade tanto vertical
quanto horizontalmente, proporcionando
uma variedade de microhébitats para a di-
versidade bidtica hoje encontrada nos es-
tratos da Formacdo Romualdo. Mabesoo-
ne & Tinoco (1973) sugeriram que durante
adeposi¢ado da Formagdo Romualdo janéo
havia mais condi¢Oes estavels e um ambi-
ente calmo, pois ha bancos com grande
nimero de conchas de moluscos quebra-
das, como pode ocorrer em areas restritas
de um golfo.

DellaFavera(1987) sugeriu que nesta
época grandes tempestades ocorreram na
Bacia do Araripe, formando ondas capazes
de revolver seu fundo lodoso, rico em ma-
tériaorganicaem decomposi¢éo, provocan-
do um envenenamento local das &guas e
consequiente mortalidade dafauna, similar-
mente a0 que hoje ocorre nalagoa Rodrigo
deFreitas (Rio de Janeiro), como jaaventa-
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raK. Beurlen (1963). DellaFaveraacrescenta
gue nestas ocasiOes, eventuais barreiras
poderiam ser rompidas, havendo aumento
de salinidade pelo ingresso de maior volu-
me de &guas marinhas (no golfo), que po-
deriam trazer também organismos que vivi-
am normal mente em mar aberto. Caval canti
& Viana (1990) sugerem que ingressdes
marinhas iniciaram-se somente quando
houve a formagéo de bancos carbonaticos,
nos quais foram preservados equindides,
Mol UScos e peixes, na por¢do mais superior
da Formac&o Romualdo, o que parece cor-
responder a paleofauna encontrada, pois,
em camadas desta unidade, logo acima da
Formagdo | pubi, ocorrem organismos tipi-
cos de aguas doces, como as algas cardfi-
tas(Silva, 1975; Saraivaet al., 2003). Mes-
mo assim, parece que umainfluénciaclara-
mente marinhanaBaciado Araripe veio do
oeste, onde ocorrem fésseis de organismos
bentdni cos tipicamente marinhos, como ja
haviapostulado K. Beurlen (1963), Campos
(1964) e Ponte (1992). Foraminiferosedino-
flagelados, planctdnicos, assim como 0s
peixes nectonicos, alcangaram natural men-
temaior distribuicao geogréfica, dispersan-
do-se também aleste da bacia.

Pela andlise do registro de organis-
mos cretéceos na Bacia do Araripe, dispo-
nivel naliteratura, observa-se que ocorrem
formas marinhas bent6nicas na porc¢éo oes-
te da bacia, e espécies planctbnicas e
nectonicasem maisampladistribui¢do, ain-
da que somente nos depbsitos sedimenta-
res ndo basais da Formagdo Romualdo
(Neo-aptiano). Entretanto, para interpretar
mais adequadamente os paleoambientes
entdo existentes é preciso considerar as
associagdes faunisticas e floristicas como
um todo, como ja afirmaram Wenz & PM.
Brito (1990), muitasdelas ainda carentesde
estudo. A diversidade paleoictiol6gica, de
microorganismos e de invertebrados, pare-
ce refletir ndo somente diferentes nichos
pal eoecol 6gicos no tempo e no espago,
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como também uma dindmica aqudticarela-
cionada a eventuais incursdes marinhas e/
ou ao estabelecimento de estratificacOes
halinas das aguas, ocorrida durante quase
50 milhdes de anos.

CONCLUSOES

Com arevisdo bibliogréficarealizada
sobre o registro de organismos fésseis pos-
sivelmente marinhos ocorrentes na Bacia
do Araripe, € possivel listar diversas con-
clusdes, como € a seguir relacionado.

a Nos cacéarios laminados da Formacdo
Crato é conhecido Dastilbe crandalli,
um peixe aparentemente eurihalino, tido
oracomo lacustre ndo-marinho oracomo
marinho litoraneo, Cladocyclus gardne-
ri e celantos de &guas sdinas, Araripe-
mys barretoi, um quelénio considerado
dulceagliicola, e bivalvios dos géneros
Yoldia, Barbatia e Malletia associados
a Pseudohyria, sugerindo que estes
moluscos eram eurihalinos.

b. Nos folhelhos da Formag&o Crato sdo
encontrados bivévios do género Pseu-
dohyria, conchostraceos e algas verde-
amarelas Botryococcus, todos estes de
ambiente dulcicola, sendo apresencade
ostracodes bairdidceos marinhos ainda
duvidosa.

c. Delitologiaincerta da Formagéo Crato
foram registrados raros espécimes de
Beurlenichthys diasii, cujas caracteris-
ticas do ambiente de vida so desco-
nhecidas, e Vinctifer longirostris, cujo
género é considerado marinho, poden-
do ter ingressado em aguas menos sali-
nas em periodos de reproducéo.

d. N&o é comprovado que organismos ti-
picamente marinhos viviam no ambien-
te de deposi¢cdo da Formagdo Crato, que
aparentementefoi depositadaemum sis-
temalacustre salino com eventual influ-
éncia de &guas doces, quando haveria
formas dul ceagiicolas e ocorreriam ex-
plosbes algalicas, estas responsaveis
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pelamorte de peixes estenohalinos, como
Cladocyclus gardneri.

Nas concregoes calcérias da Formagdo
Romualdo encontram-se peixes ogteicties
marinhos, como Vinctifer comptoni,
Tharrhias araripis e o abundante Rha-
colepis buccalis, este também vivendo
em estudrios e lagunas litoraness.

No mesmo nivel dosictidlitosdaForma:
¢80 Romualdo ocorrem raros peixes ce-
lacantos (Axelrodichthys araripensis e
Mawsonia gigas), ndo-marinhos, e con-
dricties, como o tubar&o Tribodus limae
e araialansan beurleni, aparentemente
marinhos sublitoréneos.

Nas concrecoes calcérias da Formacdo
Romualdo h& quelénios como Araripe-
mys barretoi, Brasilemys josai e Tene-
remys sp., dulceagiicolas, Cearachelys
placidoi de ambiente dulcicola e mari-
nho costeiro, e Santanachelys gaffneyi,
marinho e possivelmente aléctone.
Dentre os invertebrados bentonicos ti-
picamente marinhos ocorrentes na For-
macdo Romualdo, ha duas espécies de
equindides irregulares: Pygurus tinocoi
e P. araripensis, encontradas em ban-
cos cacarios na porgdo oeste da bacia.
Os gastrépodosidentificados na Forma-
¢80 Romualdo (Gymnentome romual-
doi, Craginia araripensis e Cerithium
cf. austinense) indicam um ambientema-
rinho, enquanto os bivalvios reconhe-
cidos taxonomicamente (Aguileria sp.)
sugerem um ambiente transicional, ain-
da que a maior parte da malacofauna
necessite ser corretamente identificada.
Na Formagcdo Romualdo encontram-se
restos de artrépodos aquéticos, como o
caranguejo Araripecarcinus ferreirai,
considerado preliminarmente de &guas
doces, o camardo Paleomattea delicio-
sa, tido de origem marinha, e copépodos
marinhos encontrados parasitando as
brénquias de um Cladocyclus gardneri,
refletindo uma ocasional contaminacao.
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k. Na Formac&o Romualdo ocorrem fora-
miniferos, como Rhodonascia bontei,
Quinqueloculina sp., outros miliolide-
0s e rotaliideos indeterminados, todos
deorigem marinha, habitando provavel-
mente ambientes rasos e costeiros.

I.  Indmerasformas de dinoflagel ados pro-
venientes daFormagdo Romualdo foram
reconhecidas, como 0s géneros Subti-
lisphaera e Spiriferites, sugerindo in-
fluénciamarinhaem seu ambiente dede-
posi¢éo.

m. A Formac&o Romualdo aparentemente
foi depositada em um sistema ecol 6gi-
co ecoétono, onde eventuais barreiras
deligacéo oceénicapoderiam ser remo-
vidas, com aumento de salinidade nas
aguas, influéncia esta provavelmente
vinda do oeste, onde ocorre o registro
de organismos bentdnicos tipicamente
marinhos.

n. A paeobiota cretdcea daBacia do Arari-
pe parece refletir umadiversidade paleo-
ambiental no tempo e no espago associa
da a uma grande dinémica aquética, que
aindaexige estudos faunisticos e floristi-
cos detalhados para um interpretacéo in-
tegrada dos eventos ocorridos.
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3.3. TERCEIRO ARTIGO (SUBMETIDO AO CRETACEQOUS RESEARCH)

PSEUDOPTERA BEURLENI, A NEW SPECIES OF BAKEVELLIIDAE (BIVALVIA)
FROM THE SANTANA FORMATION (ALBIAN?), NORTHEASTERN BRAZIL,
AND ITS PALAEONTOLOGICAL IMPLICATIONS
Ana Paula Bruno™*, Maria Helena Hessel®, Alcides Nobrega Sial®
* NEG-LABISE, Department of Geology, Federal University of Pernambuco, Recife, Brazil

® Federal University of Ceard, Juazeiro do Norte, Brazil

ABSTRACT

This study describes a new species of bivalve bakevelliid from the Santana Formation of the
Araripe Basin, northeastern Brazil, denominated Pseudoptera beurleni n.sp. It was probably a
semi-infaunal suspensivore bivalve that lived subvertically anchored by a byssus in soft
substrates, like a mud sticker. The 8"°C values of marls range between -5.2%o0 and -8.2%e,
similar to that of shells (-5.9%o to -8.6%o), and the 8"%0 results varied between -6.3%o and -6.9%o
in the marls and between -6.2%0 and -7.4%o. PBD in the shells corresponding to mesohaline
waters. The paleotemperature values obtained by 8'"°C were between 33°C and 35°C, indicating
tropical regions. Thus, P. beurleni must have inhabited a shallow, calm marine environment,
with good circulation and oxygenation, and fluvial afflux from adjacent emersed lands. The co-
occurrence of Pseudoptera species with calcareous concretions is common in the Early
Cretaceous, as can be observed with P. beurleni (Santana Formation, Brazil), P. subtortuosa
(Fox Hills Formation, U.S.A.), P. securiformis (Eutaw Formation, U.S.A.), P. coerulescens
(Gulpen Formation, Belgium), and P. acuticarinata (Mikasa Formation, Japan). This suggests
similar environmental and depositional conditions in several parts of the world at this time,
where there were perhaps gulfs or lagoons with occasional influence of fluvial waters, when the
environmental ionic balance was suddenly altered. Belonging to a predominantly Tethyan
genus, without occurrences in the South Atlantic, P. beurleni probably inhabited a shallow
stretch of the Tethys Sea, recorded by the carbonates of the same age in the Araripe (Santana
Formation) and Grajatl Basins (Cod6 Formation). Pseudoptera beurleni may be an Early
Cenomanian species, as are most of the species of this genus, since there are no known co-
occurring organisms that date the upper beds of the Santana Formation, usually considered to be

Albian.

Keywords: Araripe Basin; Early Cretaceous; Isotopes; Paleoecology; Pseudoptera



45

3.3.1. Introduction

The knowledge of Cretaceous molluscs in Brazil is still incipient. The main requirement is a
taxonomic update of the abundant forms that occur in the different sedimentary basins,
especially those located in the northeast of the country. In Brazil, the Bakevelliidae family was
recorded in the Early Albian carbonates of the Sergipe Basin (Riachuelo Formation), with the
presence of Gervillia solenoidea Defrance 1820, Aguileria dissita (White 1887), and A. regoi
(Maury 1937), and in the marls considered to have the same age in the Araripe Basin (Santana
Formation), as Aguileria sp (Beurlen, 1963). This diversified family of Cretaceous bivalve is
probably present in other Brazilian basins, although this has not yet been confirmed. In this
paper we attempt to complement knowledge of Bakevelliidae in Brazil, by describing a new
species of Pseudoptera Meek 1873, occurring in the upper strata of the Santana Formation.

The Araripe Basin is a small sedimentary basin internationally known for the exceptional
abundance and excellent preservation of its fossils from the Early Cretaceous. This NE-SW
lying basin covers around 7.200km’ (Silva and Neumann, 2003), and is located between the
coordinates 38°30° and 40°50°W, and 7°05° and 7°50’S, northeastern Brazil (Viana and
Neumann, 2002). It occupies parts of the Ceara, Pernambuco, and Piaui States, and is limited by
different geological faults (Fig. 1). It is composed of a predominantly Mesozoic sequence and
was formed as a result of geological events related to the breakup of the Gondwana
supercontinent and subsequent opening of the South Atlantic. The sedimentary strata are

practically horizontal, with a slight dipping to the West (Brito, 1990).

40°30° 40°00° 39°30" 39°00°
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Fig. 1: Localization map of the Araripe Basin and the Cretaceous outcrop sequence (Bruno and Hessel,
2007).

Several stratigraphic subdivisions of Araripe Basin sequence were proposed to facilitate the
understanding of its geological evolution. Among these, are expressives the proposals by

Beurlen (1962), Ponte and Appi (1990), Martill (1993), Assine (1994), and Neumann and
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Cabrera (1999). According to Assine (2008), the sedimentary filling of the basin occurred in
four depositional sequences, one Paleozoic and the others Mesozoic (Fig. 2):

(a) Paleozoic sequence (Ordovician/Silurian?): represented by coarse sandstones with
ortoconglomeratic levels from the Cariri Formation, remains of ample fluvial sedimentation
developed in the northeast of Brazil during the Paleozoic;

(b) Pre-rift sequence (Jurassic): represented essencialy by well stratified shales and mudstones
from the Brejo Santo Formation, with ostracods and fish remains, possibly deposited in a
lacustrine environment with some fluvial influence; and by sandstones with conglomeratic
levels and abundant petrified wood fragments from the Missdo Velha Formation, indicating a
floodplain deposition.

(¢) Rift sequence (Neocomian): represented by well selecionated sandstones and siltstones from
the Abaiara Formation, where ostracods and palynomorphs occur, record a deltaic floodplain
deposition.

(d) Post-rift sequence (Late Aptian - Early Albian): represent by fine sandstones and shales of
Barbalha Formation, probably deposited in a deltaic, which were preserved palynomorphs,
coprolites, and fragments of fish, molluscs and conchostraceans. The laminated limestone,
sandstone and shales the basal leaves of the Santana Formation were possibly formed in a saline
lake with possible influence river where there is abundant preserved remains of fish, arthropods,
algae, plants, pterosaurs and, rarely, of amphibians, reptiles and birds.In the dark shale
interdigited the evaporitic deposits of gypsum and anhydrite of the Santana Formation occur
crustaceans and stromatolites, indicating progressive drying of the aquatic ecosystem.The marls
and green-gray sandstone with calcareous concretions from the upper part of the Santana
Formation, apparently deposited in a large lagoon or Gulf coast, have large amounts of fish and
ostracods, and less frequent echinoids, molluscs, foraminifera, dinoflagellates and plants. The
argillites and clayey sandstones with cross-stratification, icnofésseis and marks the waves
Araripina Formation were deposited in the floodplain. The Exu Formation, which represents the
final deposition of this sequence, has clayey sandstone, red and without fossils sometimes
conglomeratic and with cross-stratification, were deposited in fluvial sedimentation
environment.

The Bakevelliidae forms herein described come from the upper strata of the Santana
Formation, where the abundant calcareous concretions show a variety of osteichthyan fish
fauna, with Rhacolepis buccalis Agassiz 1841, Vinctifer comptoni (Agassiz 1841) and
Tharrhias araripis Jordan and Branner 1908, all considered marine and frequent at the region of
Jardim, Ceara (Bruno and Hessel, 2006). Most bivalve genera mentioned in the Araripe Basin
are euryhaline with wide geographic distribution, with the exception of Aguileria sp., which is a
bivalve from transitional environments with more restricted distribution (Brazil, Mexico, Japan,

and the United States). Aguileria sp. occurs only in the western part of the Araripe Basin, with
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equinoids (Pygurus araripensis (Beurlen 1966) and P. tinocoi Beurlen 1966) and gastropods
(Gymnentome romualdoi Beurlen 1966, Craginia araripensis Beurlen 1964 and Cerithium cf.
austinense Romer 1888).

ARARIPINA FORMATION
pos-rift sequence SANTANA FORMATION
BARBALHA FORMATION

i~~~ pre-Aptian discordance s~ AsaansA

APTIAN-
ALBIAN

E

sin-rift sequence ABAIARA FORMATION

CRETACEOUS

NEOCO-
MIAN

MESOZOIC

MISSAO VELHA FORMATION

pre-rift sequence "gre 5 SANTO FORMATION

; 2

A pre-Mesozoic discordance wAaaana

PALEOZOIC )
SILUR-ORDOVICIAN Paleozoic sequence CARIRI FORMATION

AAAAsA~nbA~A pre-Fanerozoic discordance waasan

CA&EE-IAN basement

Fig. 2: Stratigraphic sequence of the Araripe Basin, without Quarternary cover
(modified from Assine, 1994).

Within the microfossils, the ostracods are extremely common in the basin, occurring in
nearly all the Mesozoic units, especially in the Santana Formation where the cypridaceans
Brasacypris sp., Cypridea spp., Pattersoncypris spp., Petrobrasia sp., Pseudocypridina sp.,
Reconcavona spp., and Salvadoriella spp. predominate (Hessel et al., 2006). The most abundant
palynomorphs are Araucariacites australis, Classopollis brasiliensis, Cyathidites australis, C.
minor, Deltoidospora hallii, Gleicheniidites senonicus and Sergipea naviformis (Regali, 2001).
Representatives of the dinoflagellate (Subtilisphaera and Spiriferites) and foraminifer
(Rhodonascia and Quinqueloculina) genera are also found in this unit.

The taxonomic identification of fossil molluscs from the Santana Formation, with suitable
descriptions and comparisons with other regions, is necessary to answer paleoecological and
paleogeographic questions, considering the constant controversies arising in the environment

interpretation.

3.3.2. Brief overview on bivalves of the Santana Formation

Fossil bivalves in the Araripe Basin were first recorded by Hartt (1870), who observed
specimens in the region of Bom Jardim, Magapé and Mundo Novo, in the Ceara State,
provisionally identifying them as Venus sp. Beurlen (1962) reported the discovery of molluscs
and equinoids in the Santana Formation, representatives of the Anomiidae, Isognomonidae,
Mpytilidae, Pteriidae, and Veneridae families. Leal (1963) reported the presence of Corbulidae,

Pteriidae, and Veneridae specimens in calcareous banks south of Pedra Branca and Ipubi,
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Pernambuco State. In 1963, Beurlen detailed this cited occurrences, mentioning: coquinoid
banks with indeterminate bivalves at Crato and Exu; limestones with Brachidontes sp. and
Craginia sp. concentrations in Araripina; and banks composed of small shells from two species
of Corbula and one species of Pteria in Ipubi and Casa de Pedra. This author also observed that
remains of Anomia sp., Brachidontes sp. and a small species of Veneriidae are very common in
the region between Rancharia and Lagoa de Dentro, whereas specimens of Crassatella? sp. and
Aguileria sp. are rare. Leite (1963) reported that silicified shell remains are occasionally found
in this region.

Beurlen (1971) observed that the bivalves to the west of the Araripe Basin (Araripina and
Ipubi regions) are large, whereas to the east (Crato and Jardim regions) they are small forms,
which were confirmed by Cavalcanti and Viana (1990). Mabesoone and Tinoco (1973)
synthetized the mollusc occurrence in the basin, reporting the presence of small valves from
Anomiidae, molds from Crassatellidae, and shells problably belonging to the family Cyrenidae,
currently Corbiculidae. These authors observed that only Brachidontes specimens are of normal
size, whereas the other bivalves are undersized. Lima (1979) listed the occurrences of known
genera (Eupteria, Pteria, Aguileria, Anomia, Brachydontes, Crassatella, Ostrea, Corbula, and
Venus), in addition to the families Unionidae and Corbiculidae.

Santos (1982) observed that in the eastern portion of the Araripe Basin there are abundant
fragments of valves and molds of bivalves near Crato, and delicate ornamented specimens of
Corbulidae and Arcidae at Missdo Velha. In the western part of the basin, this author reported
the occurrence of coquinoid banks with ornamented valves of Brachidontes sp. in Araripina,
and a large number of Plicatula sp. specimens in Fronteiras. More recent studies show the
presence of possible corbulides in calcareous concretions (Maisey, 1991) and of dense
concentrations of Mytilidae shells in the marls at the top of the Santana Formation (Sales et al.,
2001; Sales, 2005). Bruno and Hessel (2007), Santos (2007), and Martill (2007) synthetizes the
published data on the molluscs of Araripe.

In none of the studies published since 1870, in which there are references to bivalves in the
Santana Formation, are there any illustrations, description or reference of institutional deposits

of the specimens, which preliminar taxonomic recognition.

3.3.3. Material and methods

The fossils herein described come from a outcrop of the Santana Formation at the Mr.
Expedito Posidonio Roberto ranch in Sobradinho, Jardim District, Ceara State, Brazil: UTM
7°34°16°°S and 39°09°52°°W. It is an escavation on the slope of a hill with light-cream marls,
locally coquinoid, sedimentologically investigated by Sales (2005; fig.30). In addition to small
bivalves from other genera, such as Legumen and Sphaerium, there are abundant tiny shells

from indeterminate gastropods and rare teeth from pycnodontid fishes. The bivalve specimens
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collected are generally preserved as inner molds of entire valves, with shell fragments. Most of
the valves are found on the slightly fractured posterior and ventral margins. All the specimens
were prepared with a conventional vibrating drill and steel styles.

A carbon and oxygen isotopic analysis was performed in 10 lithological samples and nine
fragments of different shells. The conventional digestion method was adopted (McCrea, 1950)
in a dual inlet, multiple-collector SIRA II mass spectrometer, at the Stable Isotope Laboratory
of the Department of Geology at the Federal University of Pernambuco, in Recife, Brazil. The
isotopic compositions were contrasted against the in-house Borborema skarn calcite (BSC)
standard. The precision of analysis was better than 0.1%., based on multiple analyses of this
internal standard. Results are reported in the international %o notation with respect to the PDB
scale. The external precision based on multiple standard measurements of NBS-19 is better than
0.1 for Carbon and Oxygen.

To estimate the temperature of the water with which the carbonate has isotopically
equilibrated , the equation of Epstein et al. (1953) modified by Craig (1965) was used. This
equation expresses the relationship between water temperature and the d values of calcite, where
t°C = 16.9 - 4.2(8, - 8y) + 0.13(8, - 84)>. Horibe and Oba’s equation (1972) was also applied,
expressing the relationship between water temperature and the & values of aragonite: t°C =
13.85 - 4.54(3, - 8y) + 0.04(3, - 8,,)*. To calculate the temperature the equations used here, the
value 8,=-3 was adopted to fit the data obtained to the Early Cretaceous, a period during which
the organisms described here lived.

The taxonomic description uses the abbreviations and terminology shown in the Fig. 3. All
the measures in this study are in millimeters. The systematic classification adopted is based on

Cox (1969).

3.3.4. Systematic description

Class: Bivalvia Linné, 1758 pars
Subclass: Pteriomorphia Beurlen, 1944
Order: Pteroida Newell, 1965
Superfamily: Pteracea Gray, 1847 (1820)
Family: Bakvelliidae King, 1850
Genus Pseudoptera Meek, 1873
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Fig. 3: Morphological terminology and measures of Pseudoptera beurleni n.sp.: A - lateral view of the
right valve; B - bivalve anterior view; C - inner view of the right valve; D - bivalve dorsal view; I - valve
width, that is, the maximum dimension between the anterior and posterior margins, parallel to the cardinal
line; h - valve height, that is, the maximum dimension perpendicular to 1; b - maximum convexity of the
valve; a - angle between the cardinal line and the growth axis; 1 - umbo; 2 - anterior auricle; 3 - posterior
auricle; 4 - growth line; 5 - ligamental pit; 6 - byssal sinus; 7 - aductor muscle scar; 8 - paleal line; 9 -
byssal gape.

Type species. Avicula anomala Sowerby, 1836

Diagnosis: Medium-sized, rhomboidal, oblique, inequivalve; left valve with angular,
scarcely protruding umbo, rather large, round-margined anterior auricle, much extended
downward, posterior wing obtuse except for acutely pointed tip in some specimens and diagonal
angulation or rib; ligamental pits few and well separated; left valve with strong, oblique anterior
tooth and elongated, longitudinal posterior tooth, both received between two teeth in right valve;

left valve commonly bearing weak radial threads (Cox, 1969).

Pseudoptera beurleni n.sp.
Fig. 3, PL. 1, Tab. 1

Derivation of the name: In honor of the geologist and paleontologist Karl Beurlen, who
dedicated part of his life to the study of Cretaceous molluscs from northeast Brazil, including

the Araripe Basin.

Holotype: Specimen B-2043, with a recrystallized shell and the anterior-dorsal part preserved as
an inner mold, collected by senior author in October 2006.
Type locality: Sobradinho, Bom Jardim District, Ceara State, Brazil.

Type strata: Albian(?) from Santana Formation, Araripe Basin.
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Material: Four double valve specimens (holotype B-2043, and B-2044 to B-2046), 25 left
valves (paratypes from B-2047 to B-2072), seven right valves (paratypes from B-2073 to B-
2079) and a cast of a bivalve dorsal portion (paratype B-2080). The specimens are deposited in
the Paleoinvertebrate Collection of the Paleontological Museum of the Regional University of

Cariri (URCA) at Santana do Cariri, Ceara State, Brazil.

Diagnosis: Small, smooth, thin, inequivalve, inequilateral, rhomboidal, obliquely elongated,
and mytiliform shell. Long and subrectilinear cardinal line. Acute and prosogyre umbo. Small
subtriangular rounded anterior auricle, separated from the rest of the shell by a deep furrow.
Large subtriangular elongated posterior auricle, separated from the rest of the shell by a slight
depression that forms whit the cardinal line an angle between 5° and 15°. Deep, narrow, long,

and smooth escutcheon. Few tiny ligamentary pits, regularly spaced.

Description: The holotype is a shell of an adult specimen measuring 16mm high and 16mm
wide (Tab. 1), exhibiting slightly fractured posterior and ventral margins. It is inequivalve,
inequilateral, and moderately elongated shell, with the left valve a little more inflated (b = 4mm)
than the right (b = 3mm; PIl. 1:1a-1c, Tab. 1). The shell is clearly biconvex in the anterior
portion, becoming increasingly flatter to the posterior margin. The shell is slender. The outline,
viewed laterally, is rhomboidal, obliquely elongated, forming an angle of 59° between the
cardinal line and the growth axis. The anterior margin is subrectilinear, forming an angle of 86°
with the cardinal line, and taking a more oblique direction until reaching the broadly rounded
ventral margin. The dorsal margin is subrectilinear, forming an angle of 120° with a widely
convex posterior margin. The h/2b ratio is around 2 and the h/l ratio is about 1:1. The umbo is
prosogyre, acute and quite prominent, located on the anterior third of the shell, with an angle of
26°. The anterior auricle is preserved as a small elongated fragment, showing a small byssal
gape in a deep depression just below its ventral end. The posterior auricle is well developed,
subtriangular, posteriorly elongated, with very thin growth lines, delimited by a slight
depression. The cardinal line is alongated, measuring 11mm. The dorsal area occupies more
than 2/3 of the cardinal line, with a deep, long, narrow smooth escutcheon. The hinge and
ligamentary pits are not preserved. Fine growth lines (Pl. 1:1a) can be observed on the entire
outer surface of the shell. Since the specimen is preserved with the valves closed, it is not

possible to visualize the inner features.
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Tab. 1: Dimensions (in mm) of Pseudoptera beurleni from the Araripe Basin: h - height; 1 - length; S -
maximum dimension of the hinge line; b - maximum convexity of the valve. The asterisk indicates
incomplete dimensions.

Samples

B-2043
B-2044
B-2045
B-2046
B-2047
B-2048
B-2049
B-2050
B-2051
B-2052
B-2053
B-2054
B-2055
B-2056
B-2057
B-2058
B-2059
B-2060
B-2061
B-2062
B-2063
B-2064
B-2065
B-2066
B-2067
B-2068
B-2069
B-2070
B-2071
B-2072
B-2073
B-2074
B-2075
B-2076
B-2077
B-2078
B-2079

Left valve Right valve
h 1 h/1 S b h 1 h/1 s b

16* 16* - 11 4,0 16* 155* - 11 3,0
18 14* - 10* 43 17 14* - 10* 4,0
10 12 0,83 9 3.3 9% 12 - 9 3,0

14* 13* - - - 15% 14* - 10* 3.0

22,5 225 1 15,5 53 - - - - -

12,5%  13* - 83* 45 - - - - -
14,5% 15,5% - 11* 4,0 - - - - -

1*  13,5% - 7* 3,0 - - - - -
20 23 0,87 17,5 6,0 - - - - -

23% 20% - 5% 5,5 - - - - -

17,5%  20* - 12% 55 - - - - -

13 14 0,93 8 3,0 - - - - -

16* 15* - 11 3,5 - - - - -

15* 18* - 10 4,0 - - - - -

2% 12,5% - 7 3,5 - - - - -
10 13 0,77 8 3,0 - - - - -
15 20 0,75 15 4,0 - - - - -
16 17,5 091 10,5%* 45 - - - - -

17,5 17,5 1 8* 3,5 - - - - -

16*  14,5% - 12 4 - - - - -

15% 15% - 11 4 - - - - -
23 21 1,09 13 4 - - - - -

22% 22% - - 4% - - - - -

21* 20* - 10%* 5 - - - - -
12 13 0,92 8 3 - - - - -

16*  15,5% - 8* 4 - - - - -

16*  16,5*% - 12* 6,0 - - - - -
22 21 1,05 11 5,0 - - - -

19% 18%* - 14 55 - - - - -
16 18 0,89 12 4 - - - - -
- - - - - 20 23 0,87 14 4
- - - - - 20 20 1 12 4
- - - - - 13,5%  14%* - 11 35
- - - - - 15% 15% - 11 4
- - - - - 16* 17* - - 3
- - - - - 15 15 1 10 3
- - - - - 18* 19%* - - 3
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7 8

PlL. 1: Pseudoptera beurleni n.sp. from the Santana Formation (Albian?) of Araripe Basin, Brazil: 1 -
holotype B-2043 (a - right valva; b - left valve; ¢ - anterior view of adult specimen); 2 - paratype B-2047,;
3 - paratype B-2063; 4 - paratype B-2064; 5 - paratype B-2065; 6 - paratype B-2067; 7 - paratype B-2070;
8 - paratype B-2073; 9 - paratype B-2074. Escale = 1cm.
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Variation: Many of the 37 paratypes have a posteroventral region and one of the auricles
missing. They are generally preserved as inner molds, 11 having remains of recrystallized shells
(PL. 1:2, 5, 8, 9). One specimen (B-2080) is a cast of a bivalve dorsal portion. There are larger
(for example, B-2047, B-2052, B-2064, B-2065, and B-2073) and smaller (B-2045 and B-2058)
forms than the holotype (Tab. 1). Nevertheless, the species is small, ranging from 10mm to
23mm high (h) by 12mm to 23mm wide (1). The h/l ratio varies from 0.75 to 1.09 (Tab. 1). The
average h/l ratio of 12 left valves is 0.92 and of three right valves, 0.97. The shell is obliquely
elongated, with the angle between the cardinal line and the growth axis ranging from 51° (B-
2059) to 63° (B-2074), with an average of 58.2° in 10 specimens. Like the holotype, the shell is
slightly inflated, with the left valve slightly more convex than the right valve. The maximum
convexity of the left valve varies between 3mm and 6mm, and of the right valve, between 3mm
and 4mm.

The cardinal line varies between 7mm and 17.5mm (Tab. 1), occupying around 65% of the
shell width. Even though it is conditioned to specimen size, like the holotype, it is quite long.
The dorsal margin forms an obtuse angle with the posterior margin, varying from 36° (B-2056)
to 74° (B-2064). The escutcheon is narrow, smooth and elongated, in general less deep than the
holotype. The umbo forms an acute angle (measured in 23 specimens), which ranges between
14° (B-2063) and 26° (B-2054, B-2056, and B-2062); most of the specimens lie between 15° and
18°, which shows that it is generally narrower than the holotype. The anterior auricle is small,
subtriangular, rounded and dorsally inclined in the ventral direction and quite curved, becoming
subrectilinear or slightly convex at byssal gape, which is located in the right valve (B-2073 and
B-2074; Fig.3). This auricle shows thin growth lines subparallel to the margin, and separated
from the rest of the shell by a deep grove. The posterior auricle is narrow, with the angle
between the cardinal line and the slight depression that separates it from the rest of the shell
varying from 5° (B-2067) to 15° (B-2064). It is often indistinct, smooth and without growth
lines.

Owing to the unfavourable diagenesis, which dissolved or recrystallized the shells, it is not
possible to observe the juvenile stage, the hinge or the ligamental area. However, specimen B-
2070 shows four tiny ligamentary pits spaced along the cardinal line at the umbonal area,
exhibiting an opisthodetic ligament. Pseudoptera beurleni has an oval-shaped adductor muscle
scar located in the posteroventral region, visible in specimens B-2047 and B-2065 (Fig. 3). The

paleal line is integripaleal, as shown in specimens B-2047 and B-2070.

Affinities: Pseudoptera is a bakevelliid genus proposed by Meek (1873) for species of
bivalves with inequivalve and oblique shells, with protuding umbo, few ligamentary pits,
rounded anterior marginal auricle and posterior auricle forming an obtuse angle with the dorsal

margin. Pseudoptera commonly shows thin radial stria on the outer surface of the shell, and a
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hinge with small teeth posteriorly elongated, features that are not visible in the specimens
described here. Nevertheless, because it shares all the remaining morphological features, the
species described is classified as a Pseudoptera genus.

The Pseudoptera species that most morphologically resembles Pseudoptera beurleni is P.
viana Stephenson 1952 (p.72, pl.15:3-7), described of the Woodbine Formation (Cenomanian)
from Texas, and also recorded in the Hauterivian from Iwate Province, Japan (Nakazawa and
Murata, 1966), and Turonian from Peru (Dhondt and Jaillard, 2005). In common with the form
from Araripe, it has an elongated, subtrigonal, and moderately inflated shell, with the right
valve slightly compressed than the left, as is typical of the genus. Both species show a short
trigonal anterior auricle, and a trigonal elongated posterior auricle, wider in the posterior
portion. However, P. viana differs from P. beurleni mainly in being larger, more obliquely
inclined, with a slightly prominent umbo and outer surface with radial stria.

P. anomala (Sowerby 1836), the type-species from the genus, is known from different
periods and continents: Late Albian at Devonshire, England (Sowerby, 1836) and south
Morocco (Freneix, 1972, p. 76-78, text-fig. 6-7, pl. 3:4-5); Cenomanian-Turonian (Miraflores
Formation) at Potosi Department, Bolivia (Branisa and Hoffstetter, 1966); Turonian at Le Mans,
France (D’Orbigny, 1845, p. 478, pl. 392); Coniacian-Santonian in north Peru (Briiggen, 1910);
and Cenomanian-Santonian from Germany, Italy, Belgium, Austria, Sweden, and Bulgaria
(Speden, 1970). It is a very inequivalve form, with narrow and elongated anterior auricular, two
accentuated folds on the left valve and the outer surface of the shell with radial and concentric
grooves that cross forming small tubercles, characterizing it as a very different species from P.
beurleni.

Other species of Pseudoptera are found in Cretaceous deposits from North America. From
the Woodbine Formation (Cenomanian) of Texas, Stephenson (1952) described three
Pseudoptera species that, despite their large size, can be compared with the form from Araripe:
P. gregaria Shumard 1860, which has a wider shell and less acute umbo (Stephenson, 1952, p.
73, pl. 44:1); P. hornensis Stephenson 1952, which shows a narrow anterior auricle, little
distinct umbo and thin tuberculated stria (Stephenson, 1952, p. 71-72, pl. 15:12-14); and P.
serrata Stephenson 1952, which exhibits a narrow anterior auricle, very wide posterior auricle
and considerably inflated shell with serrated radial stria (Stephenson, 1952; p. 71, pl. 13:6). In
all of these features, these species of North American Cenomanian differ from P. beurleni. P.
propleura Meek 1873, from the Frontier Formation (Cenomanian-Turonian) of Utah, and
Mancos Shale (Late Cenomanian) of Arizona (Sepkoski, 2002), is a form that has radial ribs on
the anterior portion of the shell, and anterior and posterior auricles separated from the rest of the
shell by deep grooves, which differ it from P. beurleni. Pseudoptera securiformis Stephenson
1956, from the Eutaw Formation (Santonian) of Alabama and Georgia (Stephenson, 1956, p.
238, pls 40:9-10 and 41:12-14), has a large shell (around 10cm wide), with radial stria in the
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anterior portion, a small umbo, and narrow elongated anterior auricle, which differentiates it
from the Araripe Basin species.

There are a number of European species of Pseudoptera that can be morphologically
compared to P. beurleni, even though they are quite different. P. coerulescens (Nilsson 1827),
from the Campanian-Maastrichtian (Gulpen Formation) of Belgium (Dhondt and Jagt, 1987, p.
79, fig. 4:7), and from the Maastrichtian of England, France, Germany, and Poland (Aberhan,
1994), has a more ventrically elongated shell, with concentric stria and a narrow anterior
auricle, features that differentiate it from the Pseudoptera species from Araripe Basin. P.
raricosta (Reuss 1854), from the Santonian-Campanian of Bavaria (Germany; Héntzschel,
1933, p. 116-117, pl. 4:2-5), the Cenomanian of Gosau (Austria), and Late Cretaceous of West
Africa (Dhondt, 1987, p. 62-63, pl. 3:1), is a small species somewhat similar to P. beurleni,
differing in its narrower shell with tuberculated radial stria and narrow anterior auricle. P.
subdepressa Gabb 1861, from the Aptian (Atherfield Clay) of England (Casey, 1952) is a
different species of P. beurleni, with its larger and finely ornamented shell. Another African
species of Pseudoptera, in addition to P. raricosta (West Africa), P. anomala (Morocco) and P.
sowerbyi (Algeria), is P. moutaniana D’Orbigny 1888, from the Maastrichtian of the Algerian
Sahara (Collignon, 1971), a species which differs from P. beurleni mainly because of its larger,
more inflated shell.

Japanese species of the genus show few morphological relations with the species from the
Araripe Basin. Pseudoptera? elongata (Nakazawa and Murata 1966) from the Hauterivian of
Iwate Province, Japan, is tentatively related to the genus (Nakazawa and Murata, 1966, p. 312;
pl. 4:1), and externally seems to closely resemble P. beurleni. However, it has a more obliquely
inclined shell, with a shorter anterior auricle and narrower posterior auricle, suggesting to be
distinct species. Pseudoptera acuticarinata (Nagao 1932) from the Cenomanian (Mikasa
Formation) of Hokkaido, Japan (Hayami, 1975; Ando and Aoki, 1999), is a more elongated
form, whit thin carinae, and is thus a different species from that described here.

There are also species of Pseudoptera that, unlike P. beurleni, have shells dextrally twisted
about the hinge axis. This occurs with P. subtortuosa (Meek and Hayden 1932) from the Fox
Hills Formation (Maastrichtian), South and North Dakota (Speden, 1970); P. rushana
Stephenson 1952 from the Woodbine Formation (Cenomanian), Texas, (Stephenson, 1952); P.
sowerbyi Matheron 1849, from the Maastrichtian of the Algerian Sahara (Collignon, 1971); and
Pseudoptera glabra (Sowerby 1819), from the Branderfleck Formation (Cenomanian) of the
Bavarian Alps, Germany (Smettan, 1997). There is also the sinistrally twisted Pseudoptera sp.n.
from the Early Cenomanian of Portugal (Savazzi, 1984).

Because it is different from all the species of the genus Pseudoptera previously described,
P. beurleni is a new species, with a small, thin, smooth shell and acute umbo, rounded,

subtriangular anterior auricle and well-developed elongated subtriangular posterior auricle.
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In the Araripe Basin, there are three genera of bivalves with pteriform valves mentioned in
the literature: Aguileria White 1887 (Beurlen, 1963), Euptera Dartevelle 1957 (Mabesoone and
Tinoco, 1973) and Pteria Scopoli 1777 (Beurlen, 1963). Aguileria is a medium-size bakevelliid
bivalve, with a thick inflated shell, whose specimens collected by Beurlen in the Santana
Formation have never been described and are considered lost. Euptera is a still doubtful
unispecific genus of Bakevelliidae that Cox (1969) related to the well-established genus
Pseudoptera. The species Euptera flicki Pervinquiére 1907 has never been described or
illustrated, and is considered a nomen nudum. Pteria is a genus of Pteriidea widespread since
the Triassic that has thin valves and a long posterior auricle, which the bakevelliids do not have.
If the specimens mentioned by Beurlen (1963) were fractured, it would be easy to confuse them
with Pseudoptera. Thus, the innumerable references to pteriids in the Araripe Basin very
probably refer to Pseudoptera beurleni. Similarly, the small shell of the genus Brachidontes
Linnaeus 1758 (cited by Beurlen, 1963, and other authors), from the family Mytilidae, can be
easily confused with Pseudoptera, which differs for having valves ventrally slightly recurved,
an outer surface with thin radial stria and a short rounded umbo. In his doctoral dissertation,
Sales (2005) figured a sample (P1.9:E) comming from Santana Formation in the western portion
of the Araripe Basin, between Torre and Araripina, Pernambuco State, where various specimens

of Pseudoptera beurleni were identified as mytiloids, what it is a deceit.

Occurrence: Sobradinho, Bom Jardim District, Ceara State, and Torre, Araripina District,
Pernambuco State, Brazil, in marls from the Santana Formation, associated to bivalves of the

genera Legumen and Sphaerium, small indeterminate gastropods and remains of pycnodontids.

3.3.5. C and O isotopes in carbonates and shells

Stable Carbon and Oxygen isotopes have been used to infer paleoenvironmental
characteristics, mainly temperature and salinity, and with this objective samples of marls and
Pseudoptera beurleni shells from Santana Formation were analyzed.

The carbonates of marine origin showed 5"°C values between -3%o and +3%o (Veizer and
Hoefs, 1976; Schidlowiski et al., 1983) and those of freshwater origin, show lower values,
between -10 and -15%0 PDB (Reinhardt et al., 2003). When precipitated under marine water at
25°C, the calcite crystals of mollusc shells show 8"C values of around 0.9%o, and those of
aragonite, 2.7%o (Rubinson and Clayton, 1969). The 8"0 values for biogenic carbonates and
carbonate rocks from freshwater environments are also lower than those of marine environments
(Faure, 1986).

The results of Carbon isotope analyses (Tab. 2) conducted with 10 marls samples from the

uppermost part of the Santana Formation at Sobradinho, Araripe Basin, showed 8'"°C values
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between -5.2%o0 and -8.2%o (Fig. 4A), compatible with mixohaline waters. The nine shell
fragments of Pseudoptera beurleni obtained 5'"°C values ranging between -5.9%o and -8.6%o,
similar to those found in the surrounding lithology, as expected. In the analysis of Oxygen
isotopes (Tab.2) performed in the upper marls of the Santana Formation, the 5'*0 values found
varied between -6.4%o0 and -6.9%o0 PBD. The results obtained in the shell analysis showed
greater variation, with values between -6.2%o and -7.4%o0 PBD (Fig. 4B).

Tab. 2: §'*0 PDB, §"°C PDB, and yeld values in marls and in Pseudoptera beurleni
shells from Sobradinho, Araripe Basin, Brazil.

Shells Litology
Samples 60  §"C yields | Samples $'%0 §"C yields

Cl -6,2  -6,2 82 L10 -6,5 -6,3 90
C2 -6,2  -8,6 75 L2047 -6,3 -6,2 90
C3 -6,7 -84 74 L2049  -6,8 -6,7 90
C4 -6,2  -6,8 73 L2050 -6,9 -53 40
CS5 14 -64 65 L2051  -6,3 -58 55
C6 -6,2  -6,4 77 L2056  -6,9 -5,2 55
C7 -6,6 -6,4 86 L2061  -6,7 -59 59
C8 -6,2  -7,8 70 L2070 -6,4 -59 63
C9 -6,3  -59 77 L2071 -6,5 -54 67
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Fig. 4: 8"°C and 8"*0 values in marls (A) and in Pseudoptera beurleni shells (B) from
Sobradinho, Araripe Basin, Brazil.
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The shells from the Bakevelliidae, a family to which Pseudoptera beurleni belongs, consist
of scleroprotein and aragonite (Cox, 1969), and the shells herein studied were recrystallized by
calcite (Pl. 1:9). Nevertheless, two equations were applied to the above results to deduce
paleoenvironmental temperatures. The application of the Horibe and Oba (1972) equation with a
value of &,= -3 (relative to aragonite) resulted in average values of the shell remains that are
compatibles of surface waters from tropical regions: around 33°C (Fig. 5). The Epstein et al.
(1953) equation, modified by Craig (1965), based on the calcite of the shells analyzed (since
they were recrystallized) showed that the average of 35°C, a little higher but also corresponding

to tropical areas.
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Fig. 5: Temperatures in °C obtained by 8'"°C in Pseudoptera beurleni shells, Santana
Formation, Araripe Basin: gray triangle - according to the Horibe and Oba equation (1972);
black triangle - according to the Epstein et al. (1953) and Craig (1965) equation.

3.3.6. Paleoecological considerations

The bakevelliids, the family to which the genus Pseudoptera belongs, are non-burrowing
sessile benthonic bivalves (McGhee Jr, 1978). They generally have a byssus (Miister, 1995),
which, together with a reduced anterior region, enables the organism to live vertically anchored
in soft substrates as a semi-infaunal inhabitant (Stanley, 1970, 1972). Pseudoptera beurleni
seems to have adopted this habit, similarly to that suggested by Speden (1970) for P.
subtortuosa. The right valve of P. beurleni is slightly smaller and flatter than the left, as occurs
with most bakevelliids (McGhee Jr, 1978; Savazzi, 1981), which favors the stability of
inequivalve bivalves (Stanley, 1970). Pseudoptera beurleni was likely a form whose byssus was
buried in the substrate like a ‘mud sticker’ (sensu Seilacher, 1984), with the shell vertically
positioned and slightly inclined, with the left valve (a little larger and heaver) closer to the
substrate (Fig. 6). Its thin auricles, totally or nearly totally buried, act as keels to giving more

vertical stability to P. beurleni, similar to a ship’s keel. This mechanical stabilization strategy in
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bivalves with thin shells, without an active burrowying process, is commonly adopted by
organisms in calm environments with a relatively high sedimentation rate (Seilacher, 1984).
Pseudoptera beurleni, with its small (around 2cm), thin, smooth shell, was possibly a semi-
infaunal form that used the sediment where it lived not only as a stabilizing element, but also for
protection. The opisthodetic multivincular ligament along the cardinal line, characterized by
several ligamental pits, likely counterbalanced the surrounding water and sediment pressure,
helping to open the slender shell. The single adductor muscle, ventrally located, would help to
keep the valves closed during an attack by other organisms or under adverse environmental

conditions.
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Fig. 6: Reconstruction of adult individual of Pseudoptera beurleni (Albian? of Araripe Basin) in life
position.

P. beurleni, as an endobyssate semi-faunal bivalve, was suspensivore, feeding plankton and
small detritus in suspension from the surrounding water, thus not requiring well developed
siphons and feet, as suggested by its shell with subparallel margins, without pedal or siphonal
gapes. Thus, the subaquatic environment in which P. beurleni lived needed good circulation (it
would bring food to the organism, fixed by the byssus) and a certain turbidity (amount of
elements in suspension), which could generate a high sedimentation rate. P. anomala from the
Miraflores Formation (Cenomanian-Turonian), Bolivia (Branisa and Hoffstetter, 1966) also
lived in shallow environments with weak current action (Freneix, 1972).

The majority of the species of Pseudoptera inhabit marine waters: P. anomala (Miraflores
Formation, Bolivia), P. viana, P. gregaria, P. hornensis, P. serrata, and P. rushana (Woodbine
Formation, Texas), P. subtortuosa (Fox Hills Formation, South Dakota), P. propleura (Frontier
Formation, Utah), P. securiformis (Eutaw Formation, Alabama), P. subdepressa (Atherfield
Clay, England), P. coerulescens (Gulpen Formation, Belgian), and P. acuticarinata (Mikasa

Formation, Hokkaido). The osteichthyan fishes occurring in the east of the Araripe Basin, in
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lower strata than those here estudied, but in the same unit, as Rhacolepis buccalis, Vinctifer
comptoni and Tharrhias araripis are considered marine (Bruno and Hessel, 2006).

The analytical Carbon isotope results in the marls of the Santana Formation at Sobradinho
showed values between -5.2%o and -8.2%o, similar to those found in Pseudoptera beurleni shells
(-5.9%o to -8.6%o). Considering that the marine carbonates have 5"°C values between -3%o and
3%o0 PDB (Veizer and Hoefs, 1976; Schidlowiski et al., 1983) and those from freshwater
between -10 and -15%. PDB (Reinhardt et al., 2003), the values found correspond to less saline
water than that of the sea, but with higher salinity than fresh water. Given that calcite crystals
form marine mollusc shells have 8'°C values of around 0.9%., and those of aragonite, 2.7%o
(Rubinson and Clayton, 1969), and marine pteriid shells (around 40%o salinity) from the Late
Cretaceous of the Western Interior Basin of North America show an average 5'"°C value of 2.6%
(Wright, 1987), the low values found in the P. beurleni shells also suggest that they were
formed in a mesohaline environment. The 3'®O results obtained in the samples here analyzed
ranged from -6.3%o to -6.9%o in the marls and from -6.2%o to -7.4%o PBD in the shell fragments.
Considering that negative 8'°O values reflect low-salinity waters (Scholle, 1977) and positive
5'%0 values reflect normal marine salinities (Keller et al., 2004), the Oxygen isotopes of the
Santana Formation confirm a mesohaline water environment.

The macrofauna associated to Pseudoptera beurleni in the Araripe Basin is quite poor:
pycnodontid fish (possibly from the genus Neoproscinetes, occurring in the same unit), small
bivalves (Legumen sp. and Sphaerium sp.) and tiny gastropods, as yet undetermined. This low
local biological diversity may reflect some environmental restriction, such as occasional low
salinity, since the paleofauna in slightly lower strata to P. beurleni suggests a marine
environment.

In batimetric terms, Pseudoptera beurleni inhabited shallow waters with low turbidity and
good oxygenation, where phytoplankton could develop and serve as a food source for these
benthonic sessile and suspensivore bivalves. This environment might have been located near
emersed lands with afflux of fluvial water, where there is generally a high sedimentation rate
and good water circulation, promoting oxygenation and the transport of particles in suspension
necessary to the life of Pseudoptera beurleni. However, the waters were not very agitated with
strong waves since the majority of delicate valves of P. beurleni are mostly intact and there are
bivalve specimens. Pseudoptera subtortuosa also lived in low-energy shallow environments, on
a shelf formed during the retraction of the epicontinental sea that deposited the Fox Hills
Formation in South Dakota, around 80km from a large deltaic complex (Turekian and
Armstrong, 1961). P. acuticarinata from the Mikasa Formation of Hokaydo, and the five
species of Pseudoptera from the Woodbine Formation of Texas (P. viana, P. gregaria, P.

hornensis, P. serrata, and P. rushana) also lived in shallow marine waters nearshore (Ando,
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1990; Stephenson, 1952). But P. propleura, from the Frontier Formation of Utah, also lived in
substrates under a larger water mass (Sepkoski, 2002), as well as P. securiformis, from the
Eutaw Formation of Alabama (Savrda and Nanson, 2003).

The high sedimentation rate in this environment problaby explains the existence of certain
levels with a large concentration of shell remains in more lithificated lithology, as Sales (2005)
observed in the upper portion of the Santana Formation, including at Sobradinho, the locality
from which the fossils herein described come. This concentrated fossil deposit may have
occurred because of occasional sudden underwater lanslides in shallow areas near emersed
lands, as also suggested Sales (2005).

On the other hand, calcareous concretions are common in the marls of the Santana Formation
at slightly lower levels than those of Pseudoptera beurleni (Saraiva et al., 2007), similar to
those observed in stratigraphic units where other species of Pseudoptera occur. These
occurrences are observed in North America, in the Fox Hills Formation (Maastrichtian) from
South Dakota (with P. subtortuosa; Speden, 1970), and in the Eutaw Formation (Santonian)
from Alabama (with P. securiformis; Stephenson, 1956); in Europe, in the Gulpen Formation
(Campanian-Maastrichtian) from Belgium (with P. coerulescens; Jagt, 1999); and in Japan, in
the Cenomanian of the Mikasa Formation (with P. acuticarinata; Kurihara, 2006). This curious
coincidence seems to indicate that there were very similar environmental and depositional
conditions during the Early Cretaceous in different parts of the world, perhaps in regions
containing gulfs or lagoons with occasional influence of fluvial waters that suddenly altered the
ionic equilibrium of the environment.

The soft and slimy substrate where Pseudoptera beurleni lived semi-buried was possibly
composed mainly of clay and calcium carbonate minerals, later forming the marls where their
shells are currently found. The negative values obtained by Carbon isotope analysis of the
Santana Formation marls (between -5.2%0 and -8.2%o0 PBD) indicates low levels of organic
matter in decomposition in the environment, as observed by Ferreira et al. (2003) in carbonates
from the Late Cretaceous in Argentina. Considering that Pseudoptera beurleni was not a
detritivore organism, a slightly muddy environment with a low concentration of organic matter
was perfectly adequate to his mode of life.

Given the widespread distribution of the genus Pseudoptera during the Cretaceous, both in
tropical and temperate waters, it is difficult to deduce the temperature of the waters in which P.
beurleni lived in the Araripe Basin. Freneix (1972) reported that Pseudoptera anomala, a
species with wide temporal and paleogeographic distribution, lived preferentially in tropical
climates. The average paleotemperature value obtained by 8"°C using the Horibe and Oba
equation (1972) was 33°C, and using the equation of Epstein et al. (1953) and Craig (1965) was

35°C. Both values correspond to tropical regions, and lie within the temperatures calculated by
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Clarke and Jenkyns (1999) for the Early Cretaceous in the Southern Hemisphere (between 31°C
and 36°C), confirming the preference of some species of this genus for tropical climates.

Thus, Pseudoptera beurleni from Santana Formation would have lived at the bottom of the
calcareous mud with the low levels of organic matter of a shallow marine environment with the
influx of continental waters and good circulation, but outside the agitation caused by strong
waves. The waters were likely oxygenated, photic and with low turbidity, similar to a shelf

formed during the retraction of a gulf or epicontinental sea, in a tropical climate.

7. Stratigraphic and paleogeographic considerations

The family Bakevelliidae, a group of bivalves extinct in the Early Eocene, was widespread
distributed in the Mesozoic seas and displayed high specific variability (Miister, 1995).
Pseudoptera is an exclusively Cretaceous genus (Cox, 1969), reported from the Hauterivian to
the Maastrichtian, with greater specific diversity in the Cenomanian (Tab. 3). Most of the
species seem to have been of short temporal duration, but this may only be a reflection of

isolated descriptions and a lack of a taxonomic review of the genus.

Tab 3: Temporal and paleogeographic distributions of the known species of Pseudoptera: Eu - Europe; Af
- Africa; SA - South America; NA - North America; Ja - Japan.
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SA  Af
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Turonian SA Eu NA
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Cenomanian NA Eu Eu Eu NA NA NA NA NA Ja
SA
Albian Eu
Af
Aptian Eu
Hauterivian Ja Ja

Stephenson (1952) studied the different species of Pseudoptera that occurred in the

Cenomanian of Texas and mentioned the possible correlation with the strata from the Araripe

Basin, based on the occurrence of fishes described by Jordan and Branner (1910), assigned
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questionably to the Cenomanian by Gerth (1935). Pseudoptera beurleni might be Early
Cenomanian, since, so far, there are no known co-occurring organisms that date these Santana
Formation beds. However, this unit of the Araripe Basin has lower strata than those here
studied, considered from the Albian age (Arai et al., 2001). Because this is a new species of
Pseudoptera, further studies are needed to be able to confirm whether P. beurleni is an Albian
or Cenomanian species of this genus.

The potential of using bakevelliids for paleobiogeographic studies is great, owing to the low
degree of endemism of various genera, to the distribution pattern of their planktonic larvae by
marine currents, and to their varied habitats, irndependent of sedimentary facies. Nevertheless,
they occur mainly in the Tethys Sea, with dispersion routes along its margins (Lazo, 2003). The
same occurred with Pseudoptera.

In the Early Cretaceous, the known species of Pseudoptera are few and the occurrence is
mainly Tethyan: P. elongata and P. cf. viana (Hauterivian of Japan), P. subdepressa (Aptian of
England), and P. anomala (Albian of Marroco and England). From the Cenomanian the genus
diversified into more than half of the species known today: P. acuticarinata (Japan), P. glabra
(Germany), P. raricosta (Austria), P. anomala (Austria, Italy, Germany, Belgium, Bulgaria,
Sweden, and Bolivia), P. viana, P. hornensis, P. rushana, P. serrata, and P. gregaria (Texas),
P. propeura (Utah and Arizona), and P. sp. from New Mexico (Cobban, 1977) and Portugal
(Berthou and Lauverjat, 1979). Its distribution continues to be mainly Tethyan, with
occurrences in the Western Interior of North America. In the Late Cretaceous, this geographical
distribution also expands to more southern areas (Africa and South America). In the Turonian
there is a record of P. viana in Peru, P. anomala in Bolivia and France, and P. propleura in the
United States. In the Santonian-Campanian, P. anomala occurs in Peru, Sweden, Bulgaria, Italy,
Belgium, Austria, and Germany, P. raricosta in Germany, and. P. securiformis in the United
States. During the Maastrichtian, a new diversification of the genus is observed, with four new
species described: P. coerulescens from England, Belgian, France, Poland, and Germany; P.
subtortuosa from the United States; and P. sowerbyi and P. moutaniana from Algeria. This
distribution is naturally incomplete, since there are few well studied regions in the Southern
Hemisphere, with a lack of studies in both South America and Africa.

Belonging to a predominantly Tethyan genus, without occurrences in the South Atlantic,
Pseudoptera beurleni may have inhabited a shallow stretch of the Tethys Sea, recorded by the
deposition of carbonates de same age in both the Araripe Basin (Santana Formation) and the
Grajat Basin (Cod6 Formation), located to the west, where occur a common ichthyofauna
(Goes and Feijo, 1994). The gulf or epicontinental sea that formed the most recent deposits of
the Ronmualdo Formation probably having a communication with the marine waters that
formed the Coddé Formation, both representatives of a marine cycle in the region, as suggested

by Petri (1977).
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8. Conclusions

The present study of Pseudoptera shells describes a new species of bakevelliid in Brazil,
based on recrystallized shells and molds from the upper strata of the Santana Formation in the
Araripe Basin. Several conclusions can be made, as follows:

a. Pseudoptera beurleni n.sp. is a small (around 2cm) species of bakevelliid with a thin, smooth,
inequivalve, mytiliform shell, with a long cardinal line and protruding umbo. It has a small
rounded subtriangular anterior auricle, a large elongated posterior auricle, a deep narrow
escutcheon and tiny regularly-spaced ligamentary pits.

b. The pteriform and mytilid bivalves previously mentioned as occurring in the Araripe Basin,
such as Pteria sp., Euptera sp., Euptera flicki, Brachidontes sp., as well as being representatives
of the pteriid and mytiloid families, very probably refer to Pseudoptera beurleni.

c. Pseudoptera beurleni n.sp. occurs in the marls of locality of Sobradinho, Bom Jardim
District, in the Ceara State, and Torre, Araripina District, in the Pernambuco State, Brazil,
associated to Legumen sp., Sphaerium sp., small indeterminate gastropods and pycnodontid fish.
d. Pseudoptera beurleni was possibly a semi-infaunal suspensivore bivalve that lived
subvertically anchored by a byssus in soft substrates, as a ‘mud sticker’, with their thin auricles
totally or nearly totally buried, giving it more vertical stability.

e. The results of Carbon isotope analysis of marls from the Santana Formation at Sobradinho
show values between -5.2%o and -8.2%o, similar to those found in Pseudoptera beurleni shells (-
5.9%o0 to -8.6%o), both compatibles with mesohaline waters. The 3'°0 results obtained in the
samples analyzed varied from -6.3%o to -6.9%o in the marls and from -6.2%o to -7.4%0 PBD in
the shells, confirming a mesohaline water environment.

f. The paleotemperature values obtained by 8°C were on average between 33°C and 35°C,
corresponding to tropical regions and confirming the preference of several species of
Pseudoptera, as well as P. beurleni, for tropical climates.

g. Given that it is a sessile, semi-infaunal suspensivore organism, Pseudoptera beurleni
probably inhabited shallow calm environments with good circulation of photic and oxygenated
waters, with fluvial afflux originating in adjacent emersed lands, a condition that provides a
high sedimentation rate.

h. The negative values obtained in the analysis of Carbon isotopes from the Santana Formation
marls (between -5.2%o and -8.2%0 PBD) suggest low levels of organic matter in decomposition
in the environment, which is suitable for non-detritivore organisms such as Pseudoptera
beurleni, which would have lived on the muddy bottom of a shallow marine environment with
an influx of continental waters, like the environment of a shelf formed during the retraction of a

gulf or epicontinental sea.
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i. The co-occurrence of Pseudoptera species with calcareous concretions is common in de
Early Cretaceous, as can be observed with P. beurleni (Santana Formation, Brazil), P.
subtortuosa (Fox Hills Formation, United States), P. securiformis (Eutaw Formation, United
States), P. coerulescens (Gulpen Formation, Belgium), and P. acuticarinata (Mikasa Formation,
Japan), suggesting similar environmental and depositional conditions during this time in
different parts of the world, perhaps where there were gulfs or lagoons with the occasional
influence of fluvial waters that suddenly altered the ionic equilibrium of the environment.

j. Pseudoptera beurleni might be Early Cenomanian, as are most species from this genus,
corroborating the opinion of Gerth (1935) and Stephenson (1952) about the upper strata of the
Santana Formation, since there are no known co-occurring organisms that date these layers,
usually considered Albian.

k. Belonging to a predominantly Tethyan genus, without occurrences in the South Atlantic, P.
beurleni possibly inhabited a shallow stretch of the Tethys Sea, recorded by the deposit of
carbonates of the same age in both the Araripe (Santana Formation) and Grajati Basins (Codd

Formation) to the west.
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4. CONCLUSOES GERAIS

Como principais conclusdes advindas da realizagdo desta tese, podemos listar:

e depois de 150 anos de ter sido publicada a primeira noticia de fosseis na regido do
Araripe, o conhecimento paleontologico de seus excepcionais e abundantes fosseis era
praticamente restrito aos peixes e ostracodes;

e na década de 1950, o conhecimento da paleobiota da Bacia do Araripe comega a se
diversificar, contando também com maior participagdo de cientistas brasileiros em suas
investigacdes;

e a paleobiota creticea da Bacia do Araripe parece refletir uma diversidade
paleoambiental no tempo e no espaco associada a uma grande dindmica aquatica, que
ainda exige estudos faunisticos e floristicos detalhados para uma interpretagdo integrada
dos eventos ocorridos;

e a descrigdo de Pseudoptera beurleni n.sp. e as consideragbes estratigraficas e
paleogeograficas apresentadas sugerem a existéncia de um paleoambiente mixohalino
raso registrado nas parte mais superior da Formagdo Romualdo, o que podera ser
confirmado ou ndo pelo estudo integrado de outros invertebrados ocorrentes na mesma
unidade;

e descricdes taxondmicas embasadas em literatura internacional e estudos
interdisciplinares, principalmente geoquimicos, deveriam ser efetuados nos diversos
taxons de organismos bentdnicos das unidades cretaceas da Bacia do Araripe para

melhorar o entendimento paleoambiental e paleogeografico desta bacia.



ANEXOS

73



74

NEG (®) | ABISE

Laboratério
Nucleo de Estudo Laboratério
de Granitos de Isotopos Estaveis

Editor-in-chief
Cretaceous Research
Elsevier

Recife, June 9th, 2009

Dear Prof. D.J. Nichols,

We are submitting a manuscript entitled “Pseudoptera beurleni, a new species of
Bakevelliidae (Bivalvia) from the Santana Formation (Albian?), Northeastern Brazil,
and its palaeontological implications” aimed to be published in Cretaceous Research.

Our submission is constituted by 1 manuscript, six Figures and three Tables.

We hope this manuscript meets the requirements of this prestigious Journal and that
it can be accepted for publication.

Best regards

Ana Paula Bruno

Ana Paula Bruno
NEG-LABISE, Dept. of Geology, UFPE
Recife, PE, C.P. 7852, 59670-000, Brazil

e-mail: apsbruno@yahoo.com.br

Departamento de Geologia, Centro de Tecnologia e Geociéncias, UFPE, C.P. 7852, Cidade Universitéria, Recife, PE, 50670-000,
Brasil.
Fone/fax: (81) 2126-8242/2126-8243. e-mail: ans@ufpe.br; http//www.ufpe.br/neglabise



75

NEG

LABISE

Laboratério
Nucleo de Estudo Laboratério
de Granitos de Isotopos Estaveis

Associate Editor
Earth Science History Journal

Recife, June 10th, 2009

Dear Profa. Maria Margareth Lopes,

We are submitting a manuscript entitled “The paleontological history of the Araripe
basin, northeast of Brazil, in its first 150 years” aimed to be published in Earth Science
History.

Our submission is constituted by 1 manuscript with copyright granted to journal.

We hope this manuscript meets the requirements of this prestigious Journal and that
it can be accepted for publication.

Best regards

Ana Paula Bruno

Ana Paula Bruno
NEG-LABISE, Dept. of Geology, UFPE
Recife, PE, C.P. 7852, 59670-000, Brazil

e-mail: apsbruno@yahoo.com.br

Departamento de Geologia, Centro de Tecnologia e Geociéncias, UFPE, C.P. 7852, Cidade Universitéria, Recife, PE, 50670-000,
Brasil.
Fone/fax: (81) 2126-8242/2126-8243. e-mail: ans@ufpe.br; http//www.ufpe.br/neglabise



76

IAN
NEG (®) | ABISE
Laboratério <A
Nucleo de Estudo Laboratério
de Granitos de Isotopos Estaveis

Submission Confirmation

De: ees.ycres.e.1903b.6e6a35bc@eesmail.elsevier.com em nome de D.J. Nichols
(nichols@usgs.gov)

Enviada: terca-feira, 9 de junho de 2009 16:14:12

Para:  anapaulabruno@hotmail.com

Dear ana paula,

We have received your article "Pseudoptera beurleni, a new species of Bakevelliidae (Bivalvia) from the
Santana Formation (Albian?), Northeastern Brazil, and its palaeontological implications" for
consideration for publication in Cretaceous Research.

Your manuscript will be given a reference number once an editor has been assigned.

De: mmlopes@ige.unicamp.br <mmlopes@ige.unicamp.br>
Assunto: Re: SubmissA£0 de manuscrito

Para: "Ana Paula Bruno" <apsbruno@yahoo.com.br>

Data: Sexta-feira, 12 de Junho de 2009, 18:16

Prezada Ana Paula, como vocé deve ter visto, ja encaminhei o artigo de vocés para os editores
responsaveis da HESS. Obrigada pelo interesse em publicar na HESS.
Margaret Lopes

Departamento de Geologia, Centro de Tecnologia e Geociéncias, UFPE, C.P. 7852, Cidade Universitéria, Recife, PE, 50670-000,
Brasil.
Fone/fax: (81) 2126-8242/2126-8243. e-mail: ans@ufpe.br; http//www.ufpe.br/neglabise



