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Abstract: The Neogene Tropical Western Central Atlantic-South American faunal assemblage from the Pirabas Formation
(Early Miocene) has specific and unique features, which distinguishes it from the rest of the Proto-Caribbean
Subprovince in diversity, paleoceanographic condition and ecosystems. Principal component analysis (PCA)
distinguished three groups of localities with similar faunas (Group A: llha de Fortaleza, Coldnia Pedro Teixeira
and Praia de Fortalezinha; Group B: Estagdo Agrondmica, llha de Marajé, Turiacu, Baixo Parnaiba, Aricuru and
Salinépolis; Group C: Capanema B-17 Mine) and five different depositional facies (surf zone, beach, lagoons, tidal
channel and tidal delta), in agreement with previous geological studies showing heterogeneous paleoenvironments
among the outcrops. These heterogeneous lithostratigraphic sequences suggest different members, and may be
related to different ages along the Pirabas sequence. The Neogene Northwestern Atlantic Subprovince is erected
to encompass this entire geographical area.
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Resumo: A assembleia da fauna Nedgena Tropical Sul Americana da Formagao Pirabas (Mioceno inferior) possui caracteristicas
especificas e Unicas que a distinguem do resto das subprovincias Proto-Caribenhas em diversidade, condigbes
paleoceanogréficas e ecossistemas. A analise de componentes principais distingue trés grupos de localidades com
faunas similares (Grupo A: ilha de Fortaleza, colénia Pedro Teixeira e praia de Fortalezinha; Grupo B: Estagdo
Agrondmica, ilha de Marajé, Turiagu, baixo Parnaiba, Aricuru e Salinépolis; Grupo C: Mina B-17, Capanema) e cinco
diferentes facies deposicionais (zona de arrebentacdo, praia, lagoa, canal de maré e delta de maré), corroborando
estudos geoldgicos prévios, que mostram uma série de paleoambientes heterogéneos nestes afloramentos. Essa
sequéncia litoldgica heterogénea sugere a presenca de varios membros, que poderiam ser correlacionados a
diferentes idades ao longo da sequéncia da Formacao Pirabas. A denominagdo de subprovincia tropical do Atlantico
Noroeste Central é proposta para o Nedgeno dessa area geogrifica.
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The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

INTRODUCTION

Since the 19th century, the fossiliferous limestone studied
by Ferreira Penna (1876) has yielded a high species
diversity from the exclusively Cenozoic deposits (Figure 1)
along the northern Atlantic coast of South America in
Brazil (Pard, Maranhdo and Piauf states).

The early contributions of White (1887) and
Maury (1925) were the basal references on the Pirabas
Formation (Early Miocene from Brazil), particularly in
mollusk, bryozoan and coral research, followed by the
contributions of Petri (1954, 1957) on foraminifera, Beurlen
(1958), Brito (1971, 1972, 1977) and Martins-Neto (2001)
on crustaceans, Santos (1958, 1967) on echinoids, Santos
& Travassos (1960) and Santos & Salgado (1971) on fishes,
Paula-Couto (1967) and Toledo & Domning (1989) on
sirenians. Many other references, summarized in Rossetti
& Gdes (2004) and Tavora et al. (2010) provide additional
descriptions, records and/or reviews of different fossil taxa.

All of these authors suggest close relationships
between the faunal assemblages from the Pirabas
Formation and the Caribbean Neogene fauna, based on
qualitative analysis, species co-occurrence and personal
conclusions. However, based on fossil fish faunas, Aguilera
et al. (2011 and in progress) conclude that the Pirabas
Formation has a distant relationship with the Gatunian
Province in the Caribbean region. This is true even when
the Pirabas Formation is compared with the Early Miocene
Husillo and Cojimar formations from Cuba, the Mao
Formation from the Dominican Republic, the Cantaure
and Castillo (lower section) formations from Venezuela,
the Tuira Formation from Panama, the Brasso Formation
from Trinidad, the Kendeace Formation from Grenada, and
the Viche Formation from Ecuador.

The topics considered here are the faunal
composition, the influence of the Tropical Atlantic water
mass on the North Brazilian Current (Johns et al., 1998,
2002), the high tidal range (Beardsley et al., 1995; DHN,
s. d.), the eustatic sea level changes (Hagq et a/., 1988;
Carter, 1998; Kominz et al., 2008) and the sea level

fluctuations in northern Brazil (Rossetti, 2001), the early
Miocene age of the Pirabas Formation, and the geographic
location of the Pirabas Basin previous to the present
configuration of the Caribbean Sea.

The main lithostratigraphic and paleoenvironmental
interpretation of the Pirabas Formation is that of Gdes et al.
(1990), Rossetti (2001) and Rossetti & Goes (2004). These
authors present a representative vertical profile (Figure 2),
synthesizing the depositional sequence and characterizing
the Pirabas Formation as consisting of carbonate rocks from
offshore platform deposits (grainstone and consolidated
packstone, stratigraphic wackestone-packstone and
laminated mudstone), littoral facies (shoreface/foreshore),
marginal lagoons and restricted platform (gray to olive
mudstone and conglomeratic sandstone), and mangrove
estuarine lagoons (dark mudstone, massive or laminated).
The Early Miocene age assignment of the Pirabas Formation
follows Petri (1957), Fernandes (1984), Ferreiraet al. (1978),
Fernandes & Téavora (1990) and Tavora & Fernandes (1999).

Recentresearch (S. A. F Costa, A. E. A. Santos Junior, H.
M. Moraes-Santos & O. Aguilera, personal communication)
described a heterogeneous lithostratigraphic sequence
along a section in the Capanema B-17 Mine, and proposed
five lithofacies: surf zone, beach, lagoons, tidal channel and
tidal delta, which would describe an littoral system with
wave and tidal influence.

These heterogeneous sequences and the faunal
assemblages recorded in different outcrops suggest that
different members should be recognized, and accurate
geochronological research may reveal different ages
within the Pirabas sequence.

Based on this heterogeneous lithostratigraphic
profile and the diverse fossil record (which includes 214
invertebrates and vertebrates from 21 outcrop-localities),
our objective is a quantitative analysis aimed at producing
an appropriate interpretation to support future research
on the context of geochronology, paleoenvironments,
paleobiogeography and stratigraphic review for the
Pirabas Formation.
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Figure 1. Map showing the Tropical American region and the Proto-Caribbean Pirabas Formation outcrops. 1. Outcrops in Para state. 2.
Outcrops in Maranhdo and Piauf states (modified from Aguilera et al., 2011 and Tavora et al., 2010).
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Figure 2. Stratigraphic correlation of the Pirabas Formation (Early Miocene) on the Bragantina and Para platforms, northern Brazil

(modified from Rossetti & Goes, 2004).

METHODS

The data presented were taken from published literature
(White, 1887; Maury, 1925; Petri, 1954, 1957; Beurlen,
1958; Santos, 1958, 1967; Santos & Travassos, 1960;
Paula-Couto, 1967; Santos & Salgado, 1971; Brito, 1971,
1972, 1977, Fernandes, 1981; Toledo & Domning, 1989;
Martins-Neto, 2001), including a variety of invertebrates
(bryozoans, echinoids, mollusks and crustaceans) and
vertebrates (sirenians and fishes), recompiled in a recent
paper by Tavora et al. (2010), and consulted during a

general overview of the fossil collection in the Museu
Paraense Emilio Goeldi (MPEG) repository. Some original
taxonomic names listed by Tavora et al. (2010) may need to
be revised. However, the genus-level data can be used with
confidence in the present analysis. The description of the
local geology and stratigraphy follows Goées et al. (1990),
Rossetti (2001) and Rossetti & Gdes (2004). Field study
of the main sections at Atalaia beach, Ponta do Castelo,
Fazenda, Fortalezinha and the Capanema B-17 Mine was
conducted as part of the Museu Emilio Goeldi Vertebrate
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Paleontology Project. The data were standardized at the
generic level, as is common in this kind of study (Foote
& Miller, 2007). This procedure served also to diminish
distortions caused by preservation and sampling biases,
endemic groups, and nomenclatural uncertainties.

We grouped localities according to the outcrops
studied, which are deemed good geographic and
palecenvironmental representatives of the early Miocene
Pirabas Formation sections. A few samples of taxa in certain
localities are biased or absent due to lack of preservation or
study. The binary data matrix includes 214 fossil invertebrates
and vertebrates from 21 outcrop-localities (Table 1).

One of the most important multivariate methods
of data analysis is PCA (Ferreira et al., 1999; Malinowski,
1991) based on the correlation between variables. It aims
to group these correlated variables, generating a new set of
variables called principal components (PC) onto which the
data is projected. These PC are built as linear combination
of original variables and have the important property of being
completely uncorrelated. The first new axis is chosen in such
a direction that it maximizes the variance along the axis, the
second must be chosen orthogonal to the first one and the
direction to describe as much variance left as possible so on.

The Principal Components Analysis (PCA) uses the
calculated covariance and variance between localities; for
this reason this is a Q-PCA according to Fasham (1977).
The Q-PCA analysis was run using the free software PAST
(Hammer et al., 2001), and the taxonomic groups was
expressed in the PCAs planes using the concentration
ellipse level of 30%. Following Jackson et al. (1989), the
size effect of the linear relationship between the PCA axis
1 and the relative frequency of species occurrence were
established with the largest occurrence. The coefficient
from each PCA are present in the Table 2.

The confidence ellipses of genera groups were
formed by computing the three following quantities using
the PAST software (Hammer et a/., 2001), as proposed by
Abdi et al. (2009): (1) the coordinates of the center of the
ellipse of each group in the factorial plane (Axis Il and Axis

ll), (2) the angle between the major axis of the ellipse and
the first dimension of the plane, and (3) the relative size of
the minor axis compared to the major axis of the ellipse.
To perform these procedures one must set the center of
the ellipse at the center of mass of the points. Thereafter,
the ratio between the minor axis and the major axis is
calculated as the ratio of the second eigenvalue to the first
eigenvalue. Finally, the angle of rotation is given by the first
eigenvector. For a 30% confidence interval, the lengths
of the axes of the ellipse are set to ensure that the ellipse
comprehends 30% of the points. The value of 309% was
chosen for visual clarification so as to avoid overlapping
the ellipses and better identify the centroids of taxonomic

groups in factorial plane.

RESULTS AND DISCUSSION

The Early Miocene faunal assemblage identified in northern
Brazilis called here the Proto-Caribbean Pirabas fauna (not
Caribbean), based on the nature of this fauna and because
the Caribbean Sea proper was only formed after the Pacific
and Atlantic were completely isolated in the Pliocene
(Coateset al., 1992, 2004; Coates & Obando, 1996). The
paleobiogeographic model for the southern Caribbean
comprises the lower Miocene-lower Pleistocene Gatunian
Province and the middle Pleistocene-upper Pleistocene
Caribbean Province (Landau et al., 2008). According to
this system the Neogene Tropical Western Central Atlantic
Subprovince can be erected to encompass this entire
geographical area.

In our assessment, the Proto-Caribbean Pirabas fauna
is arranged in three faunal groups and five different facies.
Faunal group A, includes the isolated vector of llha de
Fortaleza (IFOR), Coldnia Pedro Teixeira (CTEl), and Praia
de Fortalezinha (PFORT). This group exhibits a pattern of
co-occurrence and singularity of fossil faunas indicated by
the assemblages of gastropods, echinoids, crustaceans and
vertebrates (Figure 3, left projection). Group B includes
vector from Estacdo Agrondmica (ESTA), Salindpolis (SALI),
llha de Maraj¢ (IMAR), Turiacu (TURI), Baixo Parnaiba

F=¢=*

33



The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

0 0 0 0 0 0 0 0 0 0 0 0 b 0 b 0 0 0 0 0 L | NOIYd | SWeppouold

0 0 0 0 0 0 0 0 0 b 0 0 0 0 b 0 0 0 b 0 L | TIAHd | snyauedejiyq

0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | I9Vd | snssuqoiSeld

0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | OISIH | SHeppoIsiH

0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | NIHD3 | sedwejoury>g

0 0 0 0 0 0 0 0 0 L 0 0 0 0 b 0 0 b b 0 0 | 3dXK1D | esB9G4D

0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 0 b 0 0 | SSV1D | Sninpisse[d

0 0 0 0 0 0 0 0 0 0 0 0 L 0 0 0 0 0 0 0 0 | SSVov eizissesy

0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 0 | OSINY | sneisdosiuy

0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 b 0 0 | Ldvavy gljeHeqy
sploulyd3

0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 | ODNL | elodouosyy

0 0 0 b 0 L 0 0 0 L 0 0 0 0 b 0 b b 0 0 0 |INNNT|  seynung

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 b VLLIA | Ele2181IA

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L | NDNIA | eHLendun

0 0 0 0 0 b 0 0 b b 0 0 0 0 L 0 0 ) | 0 L 1931S | Bjjpiodousag

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L | LASYd valsed

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L | VITIN N

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L | VY13 | soiopqernsyy

0 0 0 0 0 0 0 0 0 0 0 0 0 L 0 0 0 0 0 0 || 3HDIT | esodousyory

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L |NOWAl| esuowpj

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 L | d1SNd ensnd

0 0 0 0 0 0 0 0 0 b 0 0 0 0 b 0 0 0 0 0 L[ INdND | eupgindnd

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ) ISTdD BISUD

0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 13S19 eleusjesiq
sueozoAug

WG HODT| IDNV | TINL | VLId [VINDI| dVIA VYL SSYD | 1TVS | NN | L4OAd | ZLEIN | ¥YINT | HOAT |043D|DNVE| VLST | 131D | VD | DI dl BI3USD)
(panunuoD)

"edliedef 3p BJIA - dV[A NJBUN| - YL ‘Hene| - YNV ‘STOdOUIeS - [TyS enapulin Ofy - [y :N3ee}| Op o -
VLId ‘eyuiZo[eHio] op eredd - [HO4d Ul /-9 Bwauede]) - /|G|y 1ea.10D) SN - YOO ‘0ueD.ely desed] - O] ‘9fesely 9P B[] - YYIA] “BZO[eMO] 9P BY]] - YOI
‘SUOITRINSIQQE SWeU BJaUad 3ulpuodsaliod - (] ‘0PUQISD) - OYID ‘BIILQUOUSY 0BIRIST - /| ST 'BIISXIS 0JPad BIUQ[OD) - [I 1D ‘OUBISSED) OIS - SSyD) ‘BdIIeD) - J1vD
‘BQRUIR4 OXIBYG - YVdg ‘OPUBID) BY[IUNBY OJN4 - DG NINLY - DIYY ‘0218Uy - [DNY SUOIFRIARIGQY "SSII[BIO] pUB BJ3USS Aq paziuedlo sdnoJd [euoipuny |, 91ge|




Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 7, n. 1, p. 29-45, jan.-abr. 2012

olo o000 O0] 0] 0] 0] 0] 0O 0 ol o001l oO Lol 0| 0] 0] VN e
olo o000 O0]O0] 0] 0] 0] O 0 0] o0 | O 0| 0] 0] 0] 0 dAL | snqodf
olo o0l o0o|O0]O0O]O0O]O0O]O0]O0O]oO 0 Il | 0 bl 0| 0| 0| 0| 0| 0 |Wl3L| smpuexensy
ol o o0l o0|O0]O0O]O0O]O0O]O0]O0O]oO 0 0| 0 L L O | O] 0] 0] 0| 0 |avwsvL| epes
olololojo|o]o]o]o0o]|oO0]|oO 0 0| 0 L | 0| 0] O b | O | O | uvs3s | euwesss
olo|lolojo]o0o]O0]o0]oO b | 0 0 L | 0 L | 0| 0] O L | 0 | 0 | TIADS gjiA>s
ojlojolojo]Oo|O|]O0O]O|O0O]O 0 010 L O | O] 0] 0] 0] 0 |vaANVY| efepuey
ololo|lo]o|o]o]o0o]oO L | o 0 L | o A o O I b | 0 | 0 |NWOd| snuniiog
olo|lolojo|lojo]o]o0o}|O0]|oO 0 010 L | 0| 0] O b | 0 | 0 | HLuvd| odousyrieg
olojojo|lololo| 0] O] O] O 0 010 bl o] 0] 0 0 0| 0| lvivd owmmmm ’
ol o] o] o o0o]| o0 b 0] 0 0|0 0 0] o0 L | 0] 0] 0] 0| 0] 0 |dONvd| smeedouey
olojo|lo|lo|lo|lo|lo| 0] O0]oO 0 ool o000} oO L | 0| 0 |NLdAN| smmdoN
ojlo, o0l 0] 0] 0] 0] 0] 0] 0] 0 0 L |0 L] 0| 0O 0] 0| 0| 0 |O4DIN| sewauonan
olo, o000l 0] 0] 0] 0] 0] O 0 0 0 Ll 0o 0|0 L | 0 | O | lvdiH | eperedey
olo o000 O0] 0] 0] 0] 0] 0 0 | 0 l O 0| 0] 0] 0] 0 |[YHINI| xedydng
ol o, 0|01 o0 Ll o] o 0| 01O 0 0| o0 bl 0] 0| 0| 0] 0] 0 |ODAD| 0ouexphd
oo, o0o|lo]O0]O0] 0] 0O L |0 0 L |0 L |0 bl o[ L | 0| 0| ITvD | semouped
olo |, o0o|lo]O0]O0O] 0] 0O Il | 0 0 0| o0 Ll o] 0| 0| 0] 0] 0 |dvivD| gjddee
0| 0] 0 010 | ol o0l o0 l 0 0 | 0 | O, 0| 0] 0] 0] 0 |VIvD| edde
oo/, o0o|lo]O0O]O0O] 0] 0O L | 0 0 Ol 0| L | 0] 0] 0] 0] 0] 0 |VNNY| smeeuwy
ol o, o0o|lo0o]O0O]O0]O0] 0O L | 0 0 L | 0 Ll 0| 0] O L | 0 | 0 |NVHDV|sndmooweysy
spodeda(]
olv|olojojojo]o] 0| 0| O 0 Lol o | o]l 0] 0] 0] 0] 0 |avoaW| snueegessy
ool ol o] 0] 07O L | 0] 0] O 0 L] o] o 0] 010 L | 0| 0 | Vivd snuejeq
spaduuD
olololojo|lo]o]o0o] 0| O0]|oO 0 0] 0 b ] 0] 0| 0] 0] 0| 0 |ZIHDS| -esezys
seduwey
olo|lo|lo]o0o|o0o]o0o]o0]oO L | o 0 00| 0| 0] 0|00/ 0| 0 DNAHY
UV OD T IDNV | MNL | VLId |VINDI| dVIA [VNVL|SSYD | 1TVS | MY | LHOAd | ZLdI | dVINT | YOI |Od3D|DNVE| VLST | 131D | VD | DY dl BISURD
(panunuoD) '} 9[qeL

F=¢=*

35



The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

olo o0l o0o|lo|Oo]O0O]O0O]O0O]O0]oO 0 0| o0 | O, 0| 0| 0] 0] 0 |SITVD| &Sy
ol o, o0|lo0o|O0O|O0O]O0O] 0O | 0 0 l 0 L Ol 0| 0| 0] 0| 0 |vauva| eneqeg
olo|lo|lolo|lojo]o0o]oO | | 0 l 0 | 0| o0 | 0O | 0 | 0 |NDY | gpuny
0| | ol 01O | ool o 0]oO 0 0| 0 l Ol 0| 0] 0] 0] 0] v ey
ol 0|00 | oo o] o] 0] oO 0 Ol ol 0| O/ 0]| 0| 01| 0] 0 |ANOdv| swuwhody
olololojo]o]o0o]O0]O0O] 0] 0 0 o]l o] 0] 0O l 0| 0 | 0 |9ILNY | ewoShuy
olo|lo|lo]o0o]O0o]O0]O0]oO | 0 0 L | o | o]l ol 0] o0]|oO I |IWONV|  wouy
bl 0| 0|0 L ] 0] 0] O l 0 0 l 0 | Ol 0| 0] 0| 0] 0 |VaA¥NV| emrpeuy
0| 0| 0 | ool o|o]o]o]oO 0 0] 0 l O 0] 0] 0| 0| 0 |ISNWY| wmusnuwy
0o/ 0| 0] oO | oo 0] o] 0] oO 0 O]l 0] 0] 07O l 0 | 0| 0 |[Nwvday| euepy

m_m>_m_
ojlojojo]o|,0]O0O|O0] 0| O] O 0 0] 0 | 0] 0] 0 | 0 | 0 | NAHJS| euseidyds
oo, o0l 0|00l O] O] 0] O0]oO l 0 0 | 0,010 l 0 | 0 |ogoia| uopoig
oo, o000l O0O] 0] 0] 0] O0]oO l 0 0 l Ol 0| 0| 0] 0] 0|avds S9pES
u.mov_m._u
ofoflo|lojo0o|l o0 0] 0] 0 | 0 0 b 0 | ol 0] o0 | | 0 | YAHdS |  euMyds
olo,o0o|lo|o0o|lO0o] 0] 0O L | 0 0 L |0 | 0l 010 b 0 | 0 | MODS | uopojods
oo, o0o|lo| o0l o] O0]oO l 010 0 0] o0 | 0 0| 0 | | 0 | ONIHY | ese1dounsy
oo, o0o|lo|lOo|lO0o]O0] 0O l 0 0 l 0 | Ol 0| 0| 0] 0] 0 | O3V |sneqojfwosey
ol o, o0|lo0o|O0O|O0O]O0O] 0O l 0 0 l 0 | O | 0| 0| 0] 0| 0 |nMgIN| SwgoN
ololololololofo | 0 0 l 0| 0 Lo 0|0 | 0 | 0 |OMAW | sreqojdy
olo|lololo|lo]o0o]o0o]oO | 0 0 | 0 l Ol 0| 0] 0] 01| 0]suns sninsj
olololojo]o]oO0o]oO0O] O] 0] O 0 0| 0 l Ol 0| 0] 0| 0| 0 |dOdAH| uoudodA
ololo|lo]o0o]O0o]O0]O0]oO L |0 l | 0 l 0ol 01O | 0 | 0 |dIWaH | Sesudwsp
olo|lo|lo]o0o]O0o]O0]O0]oO | 0 0 L |0 | 0ol 010 L 0 | 0 |TIONAD |ewolsowAsuS
ololo|lo]o0o]O0]O0]O0]oO l 0 l l 0 | 0| 0|0 L | 0 | 0 |OFIVD| opsd0ges
olo|lo|o]O0o]O0]O0]O0]oO | 0 0 | 0 l 0| 0|0 l L | 0 |[HDYWVD| snuneyed
oo |lo o] O0O]O0]O0]O0]oO | 0 0 | 0 L[ O] 0] 0] 0| 0| 0 |SYDIW|smpoepesessy
SYydueIqowUse
VG O IONY | MNL | VLId [VINDI| dVIA |[VAVL|SSYD | TIVS | MY | 1HOAd| 2191 [dVINL | O [Od3D|DNvE| VAST | [E1D | 3IvD | DNy | dl AEVE]Y
(penunuoD) '} 21qe|.




Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 7, n. 1, p. 29-45, jan.-abr. 2012

olo, o0l 0] 0] O0] 0] 0] 0] 0] O 0 0 0 | O/ 0| 0] 0| 0] 0 |SLIW snapy
ojlojolo0olo|lo0o]O0o]O0]oO | 0 0 | 0 | O 0| 0] 0] 0] 0 |3IDYIN| eueuadppy
olojolo0o|lo|o0o]O0o]O0]oO | 0 0 | 0 | Ol 0| 0] 0] 0] 0 [YIDVW| ey
oo, o0o|lo0o]O0]O0]O0] 0] O L |0 0 | 0 l O 0| 0] 0] 0] 0 |OUVW| aerspeooney
olo o000l O0O]O0] 00| 0] O 0 0| o0 | 0Ol 0| 0] 0] 0] 0 |[WODVW| ewodey
ol 0] o0 010 Lol ol 0] 0] O 0 0| o0 | 0 0 L | 0| 0| 0 |[NDNM Uy
0| o] 0o 0|0 | ol oo l 0 0 | 0 | Ol 0| 0] 0| 0] 0 |VONN esur]
ol o, o0o|lo0o]O0O]O0]O0] 0O | 0 0 | 0 L 0] 0] 0| 0| 0| 0| VW ewir]
ololololo|o]o]o] o0 OO 0 olo|l o | o0]oO | 0| 0| 0 | va3l epay
olo|lo|lo]o]o0o]O0o]o0]oO | 0 0 0| 0 | Ol 0] 0] 0| 0] 0 |9\av| wmesie]
o] 0 0 | o] o0l 0] 01O | 0 0 l 0 | O] 0| 0] 01| 0| 0 |DAIV1| wipmeise]
Ll 0ol oo ]O]O]O0O]O0O]O0O]O0]oO 0 Ol o0 O] 0| O] 0| 0] 0| SIHd Sy
0ol 0 | 0| 07O | 0| 0| 0 l | 0 l 0 | 0|0 l O | 0| 0 |3IDK1D| swewstd
0| 0] 0 | ool o|lolo] oo 0 O, 0|l 0| 01O l 0| 0| 0 |NOVYd| wndey
oloj ol o0olo|lo]o0o]O0]oO l | 0 0 l | o, 0|0 ] O0] 0] 0 snDd snoly
ol 0| o0 | 0 l 0, 010 | 0 0 | 0 | L | 0| 0| 0| 0| 0 |Nsoal eusog
olo, o000 O0] 0] 0] 0] 0] 0O 0 0 0 | O 0| 0] 0| 0| 0 |YAQ| &poueng
olo o000 ]O0]O0] 0] 0] 0] 0 0 0] o0 l Ol 0| 0] 0] 01 0 [30IND| smpRyD
olo |, o0o|lo]O0O]O0O] 0] 0O | 0 0 | 0 | 0 0|0 L | 0 | O |Land | eoasougnd
Ll ojlo]o|lo|lo| o] o0]oO | 0 0 l 0 | O | 0] 0] 0] 0] 0 |SSwvdD| eassossen
0| 0 0 0 | ool o] o] 0] oO 0 O] 0| 0] 0| 0] 0] 0] 0/ 0 |ISvdD]| gpussen
ol 0| 010 l l ol 010 | 0 0 l 0 L | 0| 0 | 0 | 0| 0 [NEOD| &Ngiod
ololo|lo]o]Oo]O0]O0]oO | 0 0 | 0 l 0| o0 l 0 l 0 |3INID| eavewe
Lol 0 | 0 l | 0| o0 | 0 0 l ol 0010 l l | 0 |WYIHD| stwepp
Lol 0 l 0 l 0] 0|0 | 0 0 o]0l 0] 01O | 0| 0| 0 |[NOHD| auond
ool o]l o] o0 l 0ol 0] o0 l 0 0 | 0 l 0| o0 | 0 | 0 | O |VWYHD| ewey
ojlojojo|lo|]o | 0] oO0]|oO | | 0 O] 0] 0] 0|0 0| 0| 0| 0 |lM43D| wed
ololo|lo]jo|o]o]o0o]oO L | o 0 L | o | 0| 0 L | 0 | 0] 0 |WaQWwD| wnped
o0 | 0|00 | 0| 0|0 l 0 0 l 0 | Ol 0] 0| 0] 0] 0 |lQuwvDd| ewpe
UVAGHODT| IDNV | INL | WLId [VIDI| dVIA [VNVL|SSYD | TIVS | NN | L4OAd| 219N | dVIAL | O |Od3D|DNva| VIS | [F1D | 3IvD | Dy | dl IIEUE])
(penunuoD) | 3lqeL




The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

oo, o0o|lo|lo|lolo0o] 0| oO l 0 0 | 0 l ol o] o] o] o0 L [YNVWY | sisdonewy
oo o0 lo0o|lo|loOo|OoO]O0O]O0O]O0]oO 0 0 0 Lol O | 0| 0| 0] 0 |103WV| uwoty
ol 0ol 0|0 | o0 ] 0] 0] 0O 0 o/l 0| 0] 0|0 0| 0] 0] 0]Ilavw euiqefy
spodo.sjseny
ol oo | 0 | 0ol 010 | 0 0 | 0, 0010 | O | O | O |YIN3A | eugodLiu)
ol oo | 0 | ol 0] o0 | 0 0 | 0 l L |0 l O | 0 | 0 |[Y¥IN3IA| zpmosusp
ofojojo0o, 0] 0| 0]O0]0O | 0 0 | O 0| 0] 0] 0] 0] 0| 0 |HDWL|wnpmeAye)
llololo|lo|lo|lo]Oo]o0o]o0]oO 0 ool oo o] o] 0] 0| 0 |MmAL e
oo ojo0o 0] 0|0]O0|O0]O0]oO 0 0] o0 | | 0] 0 | 0 | 0 |@3¥iL opasg)
ololo|lo]Oo]O0]O0]O0]oO | 0 0 l 0 | O] 0| 0] 0| 0] 0| ey
ojo|lo|o|lo|]oO0O|O0O|O0O]O0|O0O]oO 0 0| 0 | O] 0] 0] 0] 0] 0 MOWuU snjaSe]
olojo]Oo]O0]O0O]O0]O0]oO | 0 0 | 0 | 0] 0 | 0| 0 | 0 |AWOdS| snipuods
olojojojo0o|o0o]O0 0O OO 0 ool o 01O l 0| 0| 0 |DINOS| smunssjos
olo o0l o0olo0olO0o|l 0] O] 0] O] O 0 0| 0 L | 0] 0, 0| 0| 0] 0 |NJIIOS BUJ0S
olo,o0olo0o|lo0olo0o|l O] O] 0] O0]oO 0 0| 0 l Ol 0| 0| 0| 0] 0| MW EEEN
oo, ool o0o|lo|l o] 0| oO L | 0 0 | 0 l 010 | 0| O | O |HdVDS| eoeydess
ol o 0| o0 l | o, 0|l 0| 01| O 0 0|0 l ol o] 0| 0] 0] 0| ML eLRld
ol o, 0 0|0 | 0 0| 0 L | 0 0 L | 0 | 0 0 L | 0] 0 L | vDoIld gjnedld
oo, o0lo0olo0o|O0o|O0O] 0] 0] O0]oO 0 o0l 0] 0]O0]O0]O | 0 |ONDAd| amopousty
0 | 0 l l Ll o 0| o0 l 0 0 | 0 | 0 0 l | | 0 | Wvlid sed
oo o0 lo0lo0o|lO0O|O0O]O0O]O0]O0]oO 0 0 0 L | O] 0| 0| 0] 0| 0 |ODVHd| sopodeyd
o000, 0]0|,0]O0|O0]O0O]oO 0 o/ 0| 0] 0| 0] O l 0 | 0 | ON3d | exdhised
o000, 0]0,0]O0|O0]O0]oO 0 0 0 l Ol 0| 0] 0] 0] 03D 21334
il olo|lo|lo|lo|lo]Oo]O0o]o0]oO 0 olojoflo]o] o] 0] 0| 0 |IL3ION 210N
0O/ 0] 0] 0] 0] 0] O0]O0]O0]O0]oO 0 0] 0 | 0] 00 b 0 | 0 |AdO3AN |eopousAdosy
ololo|lo]o]O0o]O0]O0]oO l 0 0 | 0 | 0| 0|0 L | 0 | 0 | LW Ay
ofojojo0o|0O0]O0 0|0 0] O0]o0O 0 0| 0 L | O] 0] 0] 0] 0| 0 |OIAOW| smopoy
ojolojo|lo|]o|lOo O] O0|O]oO 0 0] 0 l 0| 00| 0] 0| 0|V ey
0| 0] 010 | oo o0o]o0o]o0o]oO 0 0] 0| 0| 0] 0] 0] 0] 0| 0 |OUDIAN]|wnpme0Dy
VG HODT| IDNY | INL | VLI [VINDI| dVIA |[VAVL[SSYD | TTVS | NN | L4O4d| 218 | dVIAT | O4T [0¥3D|DNVE| VIS | [E1D | 3IvD | DNy | elsuso

(penunuoD) | 9[qeL

38




Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 7, n. 1, p. 29-45, jan.-abr. 2012

olojo|lo|lo|lo|lo|lo| 0] o0]oO 0 0 0 L | 0] O L | 0] 0| 0 |IDuW| egpusey
olojo|,o0olo|lo0o]o0o]O0]oO L |0 0 L |0 Ll o] ol 0| 0] 0] 0] VA euA]
olojolo0olo|lo]o0o]O0]oO L | 0 0 L | 0 Ll o] 0| 0| 0| 0] 0 |1vNNT| eseur
ol 0 0|0 b o] o] o0 0|00 0 Ol 0| 0] 0] 0] 0] 0] 0] 0 |MOLLN| euonm
olo,o0o|lo0o]O0] 0] 0] 0O L | 0 0 L |0 Ll o] ol 0] 0] 01 0 |snsnd snsny
oo, o0o|lo]O0]O0] 0] 0O ) 0 L |0 | bl ol o | 0| 0| 0 |NISN snuisn
oo, o0o|lo0o]O0O]O0O] 0] 0O I | 0 0 Il | 0 b 0| 0| 0| 0| 0| 0| WSS | eopunssy
ol o o0l 0|0 ]O0O]O0O]O0O]O0]O0O]oO 0 0| 0 L Ol O] 0] 0] 0] 0] NSSH B[ounssiy
ololololo|o]o]o]o0o| O] O 0 0| 0 L ol O] O] 0] 0/ 0] IDSWH Snoly
olo|lolojo]o0o]O0]o0]oO b | 0 0 b | 0 L | 0|0 L | 0| O | O | TINQ | euegosey
0| 0| 0 L |0 Lol O | O] 01O 0 olo] 0] 0| 0] 00/ 0| 0 |¥aold elug
olololojo|lo]o]o]oOo|O0O]|oO 0 0] 0 L L Ol O] 0] 0] 0| 0 |NdAD| eiopog
0] 0] 0 | ol o|lo] oo | 0 0 | 0 0| 01| 0 | 0] 0 || WNdAD | uoepeaeidf)
0| 0] © | o, o0l 0|0l O0o]O0]oO 0 O, 0| 0| 0| 0] 0] 0] 0] 0]|LldD| weridd
olojo|o|lo|lolo| 0] O] O] oO 0 0|0 b 0| 0 0| 0| 0| 0 |NIAD| epupud
olojo|lo|lo|lo|olo|O0o]o0]oO 0 0 0 Ll o] 0o 0| 0] 0] 0 |DNYD| wyngond
oloj o, o0olo|o0o]o0o]O0]oO L | 0 0 L | 0 Ll o] 0ol 0| 0] 0] 0 |ISWD| eudsssen
ol 0o 0|0 | Ll o] o 0| 0]oO 0 0 0 L | 0] 0 b | 0| 0 I |SNNOD|  snuod
olojolo0o|lo|o]O0o]O0]oO L | 0 0 L | 0 Ll o] 0| 0| 0] 0] 0 |9NOD]| eweiqnod
olo o000 O0]O0] 0] 0] 0] 0 0 0| o0 Ll o] oo | 0| 0] 0 |wD ere))
0| 0] 0 0 Lol o0 0O L | 0 0 L | 0 bl o] 0ol 0| 0| 0| 0| 1M3ID| wwpsd
oo, o0o|lo]O0]O0] 0] 0O L |0 0 Ll Ol O | 0| 0] 0] 0| 0] 0 |3IDNVD| eugpoue
olo o0l o0o|O0]O0O]O0O]O0O]O0O]O0O]oO 0 Ol o /| L] 0] 0] 0] 0] 0] 0]davd| eended
0] 0 0 L | 0 L | 0o 0|0 L | 0 0 L | 0 L | 0| 0 L | 0| 0| O | ITvD | ewoisojed
0| 0 0 0 Lol O | Ol O] 0O 0 olo|lo0o]o0o]O0o| 0] 0] 0] 0] ILLg wnmig
olololojolo]o]o] 0| OO 0 0| 0 Ll O] O] 0] 0] 0| 0 |wvdlsy| eoenasy
ool o|lo0]oO L 0o | 0| O L | 0 0 L | 0 l L | 0 L | 0| 0 | O |IHDYY |edwomanyty
olololojo|o]o]o]oO0O| OO 0 0] 0 L Ol O] 0] 0] 0| 0 |VDNY| euwpuy
olololojo|lojo]o]oO0|O0]|oO 0 0] 0 L] o] 0| 0] 0] 0| 0 |VDNY eampuy
UV OD T IDNV | MNL | VLId |VINDI| dVIA [VNVL|SSYD | 1TVS | MY | LHOAd | ZLdIN | dVINT | YOI |Od3D|DNVE| VLST | 131D | VD | DY dl BISURD
(penunuoD) '} 3lqeL

— A —r
YT

39



The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

ol ojojo|o|lo] o0l oO0]oO l 0 0 L 0 l 0| 0| 0] 0] 0] O |SNODS| eisuods
ol ojo, 0|00 O0O|O0O] 0] OO 0 O, 0| 0| 0| 0] 0] 0] 0] 0| VHS]| eypeuyds
0| 0 0 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | DHdIS | eorsdfO0ydIS
0| o0 b 0] o0 | ol o] o] o0 o0 0 O] 0] 0] 0] 0] 0] 0] 0] 0 |WNONIS wnuis
oloflolo 0] o0|0]O0|O0]O0O]oO 0 0] o0 l O 0| 0] 0| 0] 0 |NdWS| wnynduis
ofofolo,0]0,0]O0|O0]O0]oO 0 0] 0 | Ol 0| 0] 0] 0] 0 |VHIDS| Jopueydes
oloflolo 0] o0ol0]O0|O0]O0O]oO 0 0] 0 | O 0| 0] 0| 0| 0 |NAS| signdies
0 ololo]o|lO0]oO0O|O0]O0]|oO 0 O] 0| 0] 0| 0] O/ O0] 0/ 0]1HN Py
oloflolojo]o 0] O00]O0]oO0 0 0] 0 | O] 0| 0] 0/ 0] 0 SN esniay
bl b 0 l O] 0| 0] 0] 0] O 0 O] 0| 0] 0| 0|0/ 0] 0/ 0 |WLOd| sspuewd
o/ o]0 O0|O0O]O0O] O] O0]O | 0 0 | 0 | O] 0| 0] 0] 0] 0 |SNIOd| emshod
o] 0] 0] O b o] 0| 0] 0] 0] O 0 ool o0 |0 |0 | 0| 0| 0| 0 |NKIOd| soomuod
ojojojo|lo]j]oOo|lO]O|O0O|O]oO 0 0] 0 | 0| 0 L 0| 0| 0 | INYAd Bjnitd
ol ojo, 0|00 O0O|O0O] 0] OO 0 0] 0 l O | 0| 0| 0| 0| 0 |3LDAd| awopousfd
ol ojlo,o0o|lo0olo|]O0O|O0O] 0] OO 0 0] 0 | 0] 0 | 0| 0| 0 [9nTd| euwoinsd
ol ojojo0o|o|lo0o|]O|O0O]|] O] O0]|O 0 0] 0 b 0| 0| 0| 0| O | 0 |4SOHd| spmoisoyd
oloflolo 0] 0|0]O0O|O0]O]oO 0 O 0] 0] 0| 0] 0] 0] 0] 0]nNvHd winiely
ol 0| 01O | | ol o] o] 0|0 0 0] 0 | O 0| 0] 0| 0| 0 | ¥L3d |Souodoeisd
ol 0| 01| o0 | 0ol 0] 01O L 0 0 | 0 l O 0| 0] 0| 0| O |AHDV |wnuwontpey
ol 0] o} 0|0 | 0| 0] 0 L 0 0 b 0 | O 0| 0] 0| 0| 0 |VHINO| xgneyo
oloflolojo]o0o| 0] 00 l 0 0 l 0 | O] 0] 0] 0] 0] 0]3A0 ZET0)
ofoflo|lojo0o] 0| 0] 00 l 0 0 l 0 | O 0| 0] 0| 0] 0 |VAO 2o}
b | l l 0] 0|0 | l 0 0 | 0 L 0] o0 | 0 | | | DIUWYN eoNEN
oloflo|lojo0o] 0| 0] 00 | 0 0 | 0 b o] o0 o0 | 0 | 0 |XNW| xanpy
ojlojojo|lo|]o|lo]oOo|O0O|O]oO 0 0] 0 | 0] 0 [ 0] 0] 0] O [WNHOW  wniopy
Ll 0 b o|l o] 0] 0] 00 | 0 0 | 0 | O] 0| 0] 0| 0] 0 |WdlK eniy
0| 0 | o|lo|lo|o|lo|O0O|O0]|oO 0 O] 0| O] 0| O] 0] 0] 0] 0 |INAN| amey
Ll 0| 0 b ool o] oo L 0 0 b 0 l O] 0| 0] 0| 0] 0 |7vsaW elesapy
ojojlojo|lo|]o|lO]O|O0O|O]oO 0 0] 0 | 0] 0 | 0 | 0 | 0 |NOWEW| eussuoeyy
UVAGHODT| IDNV | INL | WLId [VIDI| dVIA [VNVL|SSYD | TIVS | NN | L4OAd| 219N | dVIAL | O |Od3D|DNva| VIS | [F1D | 3IvD | Dy | dl 23U
(panunuoD) '} 9[qeL




Bol. Mus. Para. Emilio Goeldi. Cienc. Nat., Belém, v. 7, n. 1, p. 29-45, jan.-abr. 2012

0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 0 | OlLKY snponfy
0 0 0 0 0 0 0 0 0 | 0 0 | 0 b 0 0 0 0 0 0 | XVLIW | wnusyiixeisyy
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 || 1doIa | wnuayioidoig
S[EWILB|A|
0 0 0 b 0 0 0 0 0 0 0 0 0 0 b 0 0 b 0 0 0 |VLN3Q | wnieqiusg
spodoydeog
0 0 0 0 0 0 0 0 0 b 0 0 0 0 b 0 0 0 0 0 0 | NNV eunly
spodoreydan)
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 0 |dON3X| eioydousx
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 0 |NDONVX smouex
0 0 b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 1X3A XN
0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | dWYIA | SmsulisA
0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | WNSVA Lunse
0 0 0 0 0 0 0 0 0 | 0 0 | 0 b 0 0 0 0 0 0 | HGWN | El2iqun
b b 0 b 0 b 0 0 0 b 0 0 | 0 b 0 0 0 | 0 0 | MYNL Bjjoukin,
b 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | OddNL 0qin|
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 b 0 0 | Ig9dNL gjjpuigan|
0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 |HdOYL uoydoy
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 0 |HDOOYL Sny204;
0 0 0 0 0 0 0 0 0 b 0 0 b 0 b 0 0 0 0 0 0 | OLliML B3PILOI|
0 0 b 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 | VLML e
0 0 0 0 b 0 0 0 0 0 0 0 0 0 b 0 0 | 0 0 0 | g3d¥3L elqaig)
0 0 0 0 b 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |OLlD3L| Bomwo9l
0 0 0 0 0 0 0 0 0 b 0 0 b 0 L 0 0 b 0 0 0 [N2YNS B[naing
0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 |WOYLS| snquong
0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 0 0 0 0 0 0 | WOILS | xejrewsis
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 | 9v10S winL.ejos
WG HODT| IDNV | TNL | VLId |VINDI| dVIA [VNVL| SSVYD | TTVS | MY | LIOAd | £ [ ¥YINT | YOI |093D|DNVE| VIST | [A1D | 3IvD | DY | dl BlSU=DH
(uoisnpuoD) ‘| 3.l

F=¢=*

4



The Pirabas Formation (Early Miocene from Brazil) and the Tropical Western Central Atlantic Subprovince

Table 2. PCA coefficient.

PC Eigenvalue % Variance z)u\ﬁ[jg:gz
1 0,487 30,001 30,001
2 0,226 13,913 43,914
3 0,158 9,724 53,638
4 0,138 8,489 62,127
5 0,095 5,851 67,978
6 0,080 4,942 72,920

(BPAR) and Aricuru (ARIC). All of these exhibit a pattern of
co-occurrence of bryozoans, bivalves, and gastropods in
lesser proportion (Figure 3, right projection). An independent
vector from the Capanema B-17 Mine (MB17), without a
significant relationship with Groups Aand B, forms Group C.

The close relationship among the bryozoans in
Group B is clear. However, the condition in Group A

is closely related to the co-occurrence of echinoids,
crustaceans and vertebrates.

The facies, called previously by Petri (1957) Castelo
(shallow coastal marine, reaching 30 m deep), Caneco
(littoral coastal marine to transitional basin border,
reaching 10 m deep) and Baunilha Grande (mangrove
marginal lagoons), are the basis for review and proposing
the subdivision of the Pirabas Formation according to
the isolated vector or vector complex into the following
five facies: llha de Fortaleza (IFOR), Estagdo Agrondmica
(ESTA), Aricuru (ARIC), Capanema (MB17) and Colbnia
Pedro Teixeira (CTEI) (Figure 3).

CONCLUSION

The Neogene Tropical Western Central Atlantic-South
American faunal assemblage from the Early Miocene
Pirabas Formation has specific and unique features,

[ ]
L ]
2.4+ .
[ ]
1.8+ L] . . ]
mollusk ° ¢ ° *
gasteropods - * o
1.2 ESTA .
[ ]
fae)
= ¢ mollusk bivalvs °
% A . « ° . B
o 18 12 * 18 24 3 ° 36
E .
Q vertebrates — ®
(@] > N
crustaceans b
. ryozoans
echinoids y. ° °
184 ° o .
-
2.4 ®
.34
C Component 2

Figure 3. Principal components analysis arranged by genera and Pirabas Formation outcrops, and ovoid area of fossil assemblage (axis 1l

versus axis lll). Abbreviations: ARIC - Aricuru; BPAR - Baixo Parnaiba;
- llha de Fortaleza; IMAR - Ilha de Marajé; LCOR - Luis Correa; MB
Salinépolis; TURI - Turiacu; PITA - Ponta do Itaagu.
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CTEI - Colonia Pedro Teixeira; ESTA - Estacdo Agrondmica; IFOR
17 - Capanema B-17 Mine; PFORT - Praia de Fortalezinha; SALI -
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which distinguish it from the rest of the Proto-Caribbean
Subprovince in diversity, paleoceanographic condition
and ecosystems.

The proposed Tropical Western Central Atlantic
Subprovince is supported by the faunal assemblage
analysis for the Proto-Caribbean Pirabas Formation, which
is an exclusively Cenozoic unit cropping out along the
northern Atlantic coast of Brazil in South America.

As a result of the PCA analysis, three faunal groups
and five different facies were observed, in agreement with
previous geological studies that indicated heterogeneous
palecenvironments along the section. These heterogeneous
sequences in this lithostratigraphic unit could support a
division into different formal or informal members, and/
or indicate different ages of parts of the Pirabas Formation.

This study showed the diagnostic faunal assemblages
and priority areas for future research in taxonomy,
taphonomy, geochemistry, stratigraphy needed to
establish detailed relationships between the different
outcrops assigned to the Pirabas Formation. The
paleoenvironments and paleobiogeography must be
combined with complementary geochronologic research
to provide absolute age determinations.
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