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RESUMO

Mamiferos pleistocénicos do depoésito de tanque Zabelé em Capoeiras, Pernambuco,
foram estudados com vistas a reconstituicdo de seu cendrio paleoambiental, utilizando-se da
taxonomia, paleopatologia, tafonomia, geogquimica, geocronologia e fei¢cGes sedimentoldgicas.
Os materiais estdo todos depositados na colecdo de macrofésseis do Departamento de
geologia da Universidade Federal de Pernambuco. Os resultados mostraram uma assembleia
macroféssil dominante, paucitaxica e monodominante (Eremotherium laurillardi), com a
ocorréncia também dos taxons Ocnotherium giganteum, Notiomastodon platensis, Toxodon
platensis, “Pyauitherium capivarae”, Glyptotherium sp., Cerdocyon thous, Glyptotontidae e
Pilosa indet., além de uma rara ocorréncia de um individuo imaturo de Notiomastodon
platensis. A doenca de deposicdo do pirofosfato de calcio, lesdes infecciosas, trauma e
avulsdo do tenddo foram doencas identificadas restritamente a E. laurillardi e, a leséo
traumatica, também foi detectada em uma espécie indeterminada de mamifero. A
tanatocenose foi exposta por curto periodo, mas devido ao agente de transporte hidraulico,
mesclou 0ssos ja depositados com outros recém-chegados no tanque. Um transporte curto
causado por fluxo de detritos (enxurrada/debris flow) (identificado com base nos atributos
facioldgicos de textura, estruturas sedimentares e arquitetura tabular da camada fossilifera),
depositou os restos 6sseos no tanque, junto com clastos de area fonte proxima. A acumulacao
pode ser classificada como periférica e na Configuracdo Tafonémica B, o que indica uma
diminuicdo nas taxas de sedimentacdo, retrabalhamento e aumento da atividade biogénica
fatores que resultaram na fragmentacdo dos espécimes in situ. As assinaturas tafonémicas,
aliadas as caracteristicas sedimentoldgicas, estratigraficas e geomorfolégicas sugerem um
paleoclima semiarido no Pleistoceno Final para a regido do tanque Zabelé, correlacionando-se
as fases secas ocorridas previamente ao Ultimo maximo glacial. A permineralizacdo foi o
processo de fossilizacdo predominante, sem substituicdo, aliado a impregnacdo de Fe e Mn, o
que resultou em padrdes de cores diferenciados. A comparacdo com outras assembleias de
tangues revelou assinaturas tafondmicas mais raras (necr6fagos e pisoteio) e menor tempo de
exposicdo esqueletal, aléem da influéncia das bordas do tangue no nivel de preservacdo dos

espécimes.

Palavras-chave: Depdsito de tanque. Quaternario. Mamiferos fosseis. Tafonomia. Taxonomia.

Paleopatologia.



ABSTRACT

Pleistocene mammals from the Zabelé tank deposit in Capoeiras, Pernambuco, were
studied with a view to reconstructing their paleoenvironmental scenario using taxonomy,
paleopathology, taphonomy, geochemistry, geochronology and sedimentological features. The
materials are all deposited in the macrofossil collection of the Department of geology of the
Federal University of Pernambuco. The results showed a dominant macrofossil assemblage,
paucitaxic and monodominant (Eremotherium laurillardi), with the occurrence of the taxa
Ocnotherium giganteum, Notiomastodon platensis, Toxodon platensis, Glyptotherium sp. of a
rare occurrence of an immature individual of Notiomastodon platensis. Calcium
pyrophosphate deposition disease, infectious lesions, trauma and tendon avulsion have been
narrowly identified diseases to E. laurillardi and traumatic injury has also been detected in an
undetermined mammalian species. Tanatocenosis was exposed for a short time, but due to the
hydraulic transport agent, it mixed bones already deposited with other newcomers in the tank.
A short transport caused by debris flow (identified based on the faciological attributes of
texture, sedimentary structures and tabular architecture of the fossil layer) deposited the bone
debris in the tank, along with nearby source area clasts. Accumulation can be classified as
peripheral and Taphonomic Setting B, which indicates a decrease in sedimentation rates,
rework and increased biogenic activity factors that resulted in fragmentation of specimens in
situ. Taphonomic signatures, combined with sedimentological, stratigraphic and
geomorphological characteristics suggest a semi-arid paleoclimate in the Late Pleistocene for
the Zabelé tank region, correlating with the dry phases that occurred before the last glacial
maximum. Permineralization was the predominant fossilization process, without substitution,
combined with Fe and Mn impregnation, which resulted in different color patterns.
Comparison with other tank assemblies revealed rarer taphonomic signatures (scavengers and
trampling) and shorter skeletal exposure time, in addition to the influence of tank edges on

specimen preservation level.

Keywords: Tank deposit. Quaternary. Fossil mammals. Taphonomy. Taxonomy.

Paleopathology.
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1 INTRODUCAO

As pesquisas sobre os mamiferos fosseis recuperados em depositos de tanques tém
avancado nos ultimos anos, abrangendo estudos isotopicos relacionando dieta/habitat
(FRANCA et al., 2015; DANTAS et al., 2017), geocronoldgicos (KINOSHITA et al., 2008;
RIBEIRO et al., 2013), tafondmicos (SILVA, 2006; ALVES, 2007; RIBEIRO, 2010; SILVA,
2013; ARAUJO-JUNIOR, 2012; 2015; ARAUJO-JUNIOR et al, 2013; 2015; 2017,
ARAUJO-JUNIOR, 2016; SCHERER et al., 2017), sistematicos (e.g. CARTELLE, 1992;
PORPINO e BERGQVIST, 2002; PORPINO et al., 2004; CARTELLE e DE IULIIS, 2006;
OLIVEIRA et al., 2010; GUERIN e FAURE, 2013; CARTELLE et al., 2014) e
paleopatoldgicos (HENRIQUES et al., 1998; BARBOSA et al., 2017a,b,c,d).

Os depositos de tanques sd@o peculiares feicbes geomorfologicas que preenchem
depressdes naturais em rochas do embasamento cristalino (BRANNER, 1915; MABESOONE
et al., 1990; ARAUJO-JUNIOR et al., 2013), e mais raramente substratos areniticos (SILVA,
J., 2008). Neles sdo comumente preservados restos de mamiferos do Pleistoceno Final -
Nortegripiano, sendo os mais comuns: Megatheriidae (Xenarthra, Pilosa), Gomphotheriidae
(Proboscidea), Toxodontidae (Notoungulata), Gliptodontidae (Cingulata), Macrauquenidae
(Litopterna), Equidae (Perissodactyla) e Felidae (Carnivora) (ROLIM, 1974a,b; PAULA
COUTO, 1980; MABESOONE et al., 1990; BERGQVIST et al., 1997; CARTELLE, 1999;
PORPINO e BERGQVIST, 2002).

No que tange a tafonomia de depoésitos de tanques, na Ultima década, diversos estudos
tem sido apresentados, abrangendo a compreensdo de aspectos deposicionais, € 0 modo de
preservacdo dos restos esqueletais de vertebrados (SILVA, 2006; ALVES, 2007 RIBEIRO,
2010; SILVA, 2013; ARAUJO-JUNIOR et al., 2013a,b; 2015; 2017; ARAUJO-JUNIOR,
2016).

No que concerne a paleopatologia, até meados de 2010 os estudos em vertebrados
fésseis eram raros no contexto do Quaternario da América do Sul, bem como no Nordeste de
Brasil (e.g. FERIGOLO, 1985; HENRIQUES et al., 1998; MELO et al., 2007). Mas nos
altimos anos houve substancial incremento nesses estudos, principalmente os voltados a
identificacdo, descricdo e interpretacdo de alteracdes paleopatoldgicas em espécies fosseis
(BARBOSA et al., 2013; BARBOSA et al., 2014a,b; BARBOSA et al., 2017d). Demonstrou-
se a ocorréncia de novos casos e novos diagnésticos para 0s megamamiferos do Quaternario

da América do Sul e a susceptibilidade de leses em espécies de preguicas gigantes
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(BARBOSA et al., 2019) — um dos taxons mais encontrados nos depdsitos de tanques do
Nordeste do Brasil.

Os depdsitos de tanques sdo restritos ao Nordeste do Brasil. Mesmo com o grande
namero de estudos realizados na ultima década, ainda séo escassos 0s estudos embasados em
escavacdes controladas. O presente estudo constitui-se em uma oportunidade Unica de
obtencdo de dados in situ em diversos aspectos do conhecimento em geociéncias (e.g.
sedimentologia, estratigrafia e tafononomia). Aliado a isso, 0 uso de técnicas analiticas como
a difratrometria de raios-x, petrografia e geocronologia, sdo importantes para determinagdo do
tipo de fossilizacdo e idade do depdsito, permitindo comparacdes com outros tanques e/ou
outros depdsitos fossiliferos quaternarios. Soma-se o fato de que, essas técnicas, ainda ndo sao
amplamente difundidas em paleomastozoologia, exceto pelos estudos de Araujo-Janior et al.
(2013a) e Scherer al. (2017).

Desta forma, nesta tese sdo apresentados resultados dos dados coletados atraves dos
trabalhos de escavacdo sistematica de um depdsito de tanque no municipio de Capoeiras,
regido Agreste do Estado de Pernambuco. Esta pesquisa buscou trazer novos dados e
ampliacdo das discussdes a respeito do cenario deposicional, tafonémico, faunistico,
paleopatoldgico e paleoambiental como um todo relacionado aos depdsitos de tanques do

Quaternario da América do Sul.

1.1 OBJETIVOS

Este trabalho ird4 contribuir com a interpretacdo paleambiental do depdsito de tanque
Zabelé com base nas analises tafonémicas, feicGes sedimentoldgicas do deposito, taxonémica

e paleopatoldgica.
1.1.1 Objetivo geral
Apresentar a historia tafonémica do depdsito com base nos estudos taxonémicos e

paleopatoldgicos dos mamiferos fosseis provenientes de escavacao sistematica do depoésito de

tangue Zabel€é, municipio de Capoeiras, estado de Pernambuco, Nordeste do Brasil.
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1.1.2 Objetivos especificos

- Identificar taxonomicamente os fosseis coletados;
- Descrever as alteracdes paleopatolégicas;

- Interpretar 0 modo de acumulacdo dos espécimes a partir de fei¢cbes sedimentolégicas do
deposito;

- Aportar idades LOE (Luminescéncia Opticamente Estimulada) para o deposito;
- Identificar e interpretar as assinaturas tafondmicas (bioestratinémicas e fossildiagenéticas);

- Comparar as assinaturas tafondmicas dos fosseis no deposito de tanque Zabelé com as de

outros sitios previamente estudados do Nordeste do Brasil.
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2 REFERENCIAL TEORICO

A seguir sera feita contextualizacdo tedrica com base nas principais referéncias
correlacionadas a tematica da tese. Seré elucidada a tafonomia de vertebrados e os trabalhos
realizados em depésitos de tanques, bem como a paleopatologia e o0s registros

paleopatologicos em mamiferos do Quaternario do Nordeste do Brasil.
2.1 TAFONOMIA DE VERTEBRADOS - GENERALIDADES

A tafonomia (gr. taphos = sepultamento; nomos = leis) é a ciéncia que tem por
objetivo compreender os processos de fossilizacdo que alteram quali- e gquantitativamente a
informacdo biologica preservada no registro fossil (BEHRENSMEYER et al, 2000;
SIMOES et al., 2010). Um dos grandes objetivos é quantificar a influéncia do ambiente
sedimentar sobre o grau de alteracdo dos respectivos restos fosseis (ERTHAL et al., 2017a).
Sabe-se que o registro fossilifero é incompleto, pois fatores intrinsecos (e.g. composicao do
esqueleto) e extrinsecos (e.g. taxas de sedimentacdo) podem aumentar ou reduzir as
probabilidades de preservacdo dos restos organicos (SIMOES et al., 2010), além da
informacao referente aos restos; por isso a tafonomia torna-se uma importante ferramenta na

compreensdo dessas informacdes (Figura 1).

Figura 1 - Esquema da transformacéo de restos organicos em fosseis e da mudanca gradual na qualidade do
registro fossilifero.

Acumulagio

Reciclagem
fossilifera 2

(Ciclos biogeoquimicos)

Fonte: Aradjo-Janior e Bissaro-Junior (2017).
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Os processos que atingem os restos de organismos podem ser agrupados em duas fases
de duracdo de tempo desigual: a Bioestratinomia (fase mais curta, pré-soterramento) e a
Fossildiagénese (fase mais longa, pos-soterramento) (MENDES, 1988; SIMOES et al., 2010 -
Figura 2). Assim o0s Varios processos tafondmicos que ocorrem entre a morte dos organismos
e 0 soterramento final sdo nomeados de processos bioestratindmicos (HOLZ e SIMOES,
2002). A modificacdo pds-morte dos restos esqueletais se da em funcdo da sua
susceptibilidade a acdo desses processos e o tempo de exposicio dos mesmos (ARAUJO-
JUNIOR e BISSARO-JUNIOR, 2017). Como estimado através de estudos experimentais (e.g.
BEHRENSMEYER, 1978; BEHRENSMEYER e MILLER, 2012), a fase bioestatinbmica
para grandes vertebrados pode durar, em média, 30 anos, sendo que nesse periodo, ocorrem 0s
processos cruciais para a alteracdo dos restos esqueletais (BEHRENSMEYER, 1978;
BEHRENSMEYER e MILLER, 2012). Esses processos bioestratindmicos, atuam
principalmente sobre as partes duras dos organismos (BEHRENSMEYER, 1978; MARTIN,
1999; SIMOES et al., 2010; BEHRENSMEYER e MILLER, 2012).

A maior parte da informacdo arquivada a respeito dos processos tafondémicos pode ser
adquirida quase que exclusivamente das partes duras, pois elas preservam 0S processos
tafondmicos. Desta forma, nos processos bioestratinbmicos estdo incluidas a desarticulacéo, a
reorientacdo, a fragmentacdo, o transporte, o intemperismo, a abrasdo e a cOrrosao
(SHIPMAN, 1981; BRETT e BAIRD, 1986; LYMAN, 1994; SIMOES et al., 2010). Incluem-
se ainda feicbes como marcas de insetos (KAISER, 2000; FEJFAR e KAISER, 2005;
ROBERTS et al., 2007), marcas de carnivoros/carniceiros (HAYNES, 1980; 1982; 1983) e
marcas de ferramentas humanas (SELVAGGIO, 1994; BLUMENSCHINE et al., 1996;
DEFLEUR et al., 1999), também sdo observadas em restos fosseis de vertebrados.

Ja a fossildiagénese abrange os processos fisicos e quimicos que alteram os restos
esqueletais apds o soterramento (SEILACHER, 1976; FLESSA et al., 1992). Nos vertebrados,
durante a diagénese, a compactacdo pode levar a alterac6es da forma (achatamento, distor¢éo)
e a alteracBes quimicas (permineralizacdo, impregnacdo, corrosdo, incrustacdo) a depender do
ambiente sedimentar envolvido (SIMOES et al., 2010). Dentre os fatores que influenciam a
fossildiagénese, a porosidade dos elementos esqueletais € o principal fator controlador das
taxas de mudancas quimicas e diagenéticas; além disso, o clima e o intemperismo exercem
influéncia nos restos esqueletais. As tafocenoses de depdsitos quaternarios tendem a sofrer

menor alteragdo fossildiagenética em relagdo aos depositos de periodos mais antigos (e.g.
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Cretéaceo, Juréssico), dado o menor tempo de transito apds o soterramento (ARAUJO-
JUNIOR e BISSARO-JUNIOR, 2017). Além desses, também ha o enraizamento (=rooting)
(MONTALVO, 2002).

Figura 2 - Divis6es da Tafonomia, seus principais processos tafonémicos e ciéncias correlatas que fornecem

informagoes.
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Fonte: Adaptado de Simdes et al. (2010).

Em uma abordagem mais desvinculada a visdo tradicional, a tafonomia, ou mais
especificamente, a bioestratinomia é estabelecida com um viés mais voltado a paleoecologia
(ERTHAL et al., 2017a). A partir dos anos 2000, essa ciéncia incorporou novos objetivos
aqueles ja existentes em seu campo de atuacdo, ampliando seu escopo para incluir processos
que concentram restos biologicos. Neles inclui-se o controle em larga escala dos processos
microbiolégicos e biogeoquimicos, resolucdo espaco-temporal e a fidelidade das
acumulac@es de fosseis, e a delimitacdo dos "megatendenciamentos” como padrdes de larga
escala na qualidade dos fosseis que afetam a anélise paleobiolégica nos niveis provincial a
global, em escalas de tempo geralmente superiores a dez milhdes de anos
(BEHRENSMEYER et al.,, 2000) (Figura 1). Dentre os fenbmenos inerentes a analise
tafon6mica estdo a mistura temporal e a mistura espacial.

A mistura temporal (time averaging/temporal mixing) refere-se a mistura de bioclastos
de diferentes idades em uma Unica acumulacdo (SIMOES et al., 2010); é um fendmeno
inerente ao registro sedimentar e que ndo pode ser removido ou eliminado pelas estratégias de
coleta e andlises de dados paleontoldégicos (KOWALEWSKI et al., 1998); aliado a
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preservacdo diferencial e os hiatos deposicionais, produz um registro paleontolégico
tendendencioso (HOLZ e SIMOES, 2002), o que implica, em um sentido mais amplo, na
perda de algum tipo de informagdo da associacdo original (ERTHAL et al., 2017b). O
processo de retrabalhamento de camadas contendo restos pré-fossilizados pode levar a mistura
desses elementos com restos ainda frescos, resultando em um grau ainda maior de mistura
temporal, sendo observado, principalmente, em ambientes sedimentares com alta energia
(ARAUJO-JUNIOR e BISSARO-JUNIOR, 2017). Para identificacdo e quantificacio da
mistural temporal, € importante reunir dados tafonémicos e sedimentol6gicos (BERTONI-
MACHADO, 2008). E necessaria para que as inferéncias paleoecolégicas relacionadas a
acumulacio fossilifera tenham validade (KOWALEWSKI et al., 1998; SIMOES et al., 2010).

Ja o fendmeno de mistura espacial (spatial mixing) relne partes esqueletais de
organismos que ocuparam diferentes ambientes sedimentares, ou seja, ndo conviveram
geograficamente em uma Unica biocenose (SIMOES et al., 2010; ARAUJO-JUNIOR e
BISSARO-JUNIOR, 2017). Da mesma forma que a mistural temporal, esse processo afeta a
informacdo paleoecoldgica relacionada ao habitat original de vida dos organismos
(BEHRENSMEYER e HOOK, 1992). Uma maneira de identificar a mistura espacial & avaliar
o grau de transporte dos bioclastos (e.g. BEHRENSMEYER e HOOK, 1992; ARAUJO-
JUNIOR e BISSARO-JUNIOR, 2017). E importante a identificagdo e quantificacdo da
mistura temporal/espacial nas acumulacdes fdsseis, tanto que, os estudos evolutivos nédo
podem ser realizados com sucesso se 0s estudos tafondmicos ndo confirmam ou excluem a
ocorréncia de misturas e estabelecem o grau de mistura (FERNANDEZ- JALVO et al., 2011).

2.1.1 Historico e importancia dos estudos tafonémicos em depoésitos de tanques do
Quaternario do Nordeste do Brasil

Os tanques sdo depressdes naturais de formato variado, que se formam em rochas do
embasamento cristalino, a partir da atuacdo do intemperismo fisico-quimico (MABESOONE
et al., 1990; BERGQVIST et al., 1997; SANTOS, 2001; ARAUJO-JUNIOR e PORPINO,
2011), podendo eventualmente se formar também em substrato arenitico (LOPES J., 2008).
Recentemente, Araujo-Junior et al. (2013a) distinguiram os tanques naturais dos depositos
de tanque. Para os autores, 0s tanques naturais consistem nas depressdes produzidas pelo
processo de intemperismo fisico-quimico em rochas do embasamento, enquanto que 0S
depésitos de tanques compreendem o conteddo sedimentar que preencheu essas depressdes

durante o Pleistoceno Final-Holoceno inicial (sensu ARAUJO-JUNIOR et al., 2013a) os quais
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contém fosseis de vertebrados, principalmente de megamamiferos. Seus restos esqueletais
foram carreados até o interior dos tanques, considerando-se que esses eram 0s Ultimos
remanescentes de agua durante o Pleistoceno Final (PAULA COUTO, 1980). Com uma
menor frequéncia, sdo encontrados restos de répteis, aves e anfibios, além de conchas de
gastropodes e vegetais (VIDAL, 1946; PAULA COUTO, 1980; XIMENES, 2009; ARAUJO-
JUNIOR e MOURA, 2014).

Nos depdsitos de tanques, as primeiras observagdes tafondmicas surgiram a partir dos
estudos de Branner (1902) e, posteriormente, nas décadas de 1970 e 1980 (BRANNER, 1902;
MOREIRA et al., 1971; PAULA COUTO, 1980). Esses autores associavam a preservacao de
megamamiferos em tanques a morte acidental. Posteriormente, Paula Couto (1980) realizou
estudo tafonémico em fdsseis do Ceard, no deposito de tanque Jodo Cativo. Alguns anos mais
tarde, Oliveira, L. e Damasceno (1987) realizaram a primeira analise fossildiagenética em
material proveniente de um tanque, os quais identificaram o processo de permineralizacdo em
espécimes do tanque de Lagoa do Cruz, Rio Grande do Norte. Na Paraiba, Bergqgvist (1989) e
Gomide (1989) estudaram aspectos tafondémicos dos depositos de tanques de Taperoa e
Campina Grande, e no Ceara ltapipoca, sugerindo, pela primeira vez, que 0s animais
poderiam ter morrido ao redor dos tanques e dali teriam sido carreados até o interior do
tanque por enxurradas.

Na década de 1990 ainda eram escassos 0s trabalhos tafondmicos. Um desses
trabalhos foi o de Bergqvist et al. (1997) que descreveram os padrdes preservacionais em
acumulacbes fossiliferas de depdsitos de tanques da Paraiba e Ceara. Foi a partir dos anos
2000 que houve aumento significativo no nidmero de estudos tafonémicos. Santos (2001) e
Silva (2001) realizaram estudos tafonémicos de acumulacbes de depdésitos de tanques do Rio
Grande do Norte e de Alagoas, respectivamente. Porpino et al. (2001) descreveram a
preservacdo diferencial entre elementos esqueletais, e Porpino e Santos (2002) mostraram a
importancia de abordagens tafonémicas em fdsseis do Rio Grande do Norte para
complementar os estudos paleontoldgicos do Nordeste brasileiro. Alves (2007) e Alves et al.
(2007) estudaram os aspectos bioestratindmicos e diagenéticos dos fosseis de depoésito de
tanque Fazenda Nova, no municipio de Brejo da Madre de Deus, PE, destacando aspectos
sedimentoldgicos, além da taxonomia, retrabalhamento e transporte. Dantas e Tasso (2007)
mostraram a ocorréncia de episodios de enxurradas, um curto transporte e mistura temporal
dos elementos esqueletais, apontando aspectos do processo de permineralizagdo em um

tanque localizado em Vitéria da Conquista, Bahia. Silva, J., (2008) estudou os depdsitos de
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tanques dos municipios de Maravilha e Pogo das Trincheiras no Estado de Alagoas
descrevendo o0s processos de fossilizacdo, e a diagénese das tafocenose. Silva (2009)
estudou as acumulagbes fossiliferas de mamiferos coletados em depoésitos de tanques no
municipio de Afranio, aportando dados sobre seus aspectos diagenéticos.

A partir de 2011, os estudos abrangeram analises mais amplas, incrementando o
estudo tafondmico com anélises estatisticas. Aradjo-Junior e Porpino (2011) estudaram
depositos de tanques de Rio Grande do Norte. Faria et al. (2013) analisaram feicbes de
intemperismo em Baixa Grande, Bahia. Araujo-Janior et al. (2011) relataram a ocorréncia de
marcas de carnivoros/carniceiros em mamiferos de Itapipoca, Ceard. Aradjo-Junior et al.,
(2012) aplicaram o Fluvial Transport Index- FTI, demonstrando sua utilidade como
ferramenta em analise de transportabilidade de bioclastos em acumulagfes em tanques.
Araujo-Junior et al. (2013a) realizaram um estudo tafonémico comparativo da acumulagdo do
tanque de Jirau, Ceara. Nesse mesmo periodo, Aradjo-Janior et al. (2013b) realizaram estudo
tafondmico da acumulagdo de Lage Grande, Pernambuco. Araujo-Junior et al. (2015)
realizaram estudo detalhado da acumulagéo tanque Curimatés, Paraiba. Silva (2013) realizou
estudos sistematicos, tafondmicos, sedimentolégicos e geocronoldgicos do tanque de Fazenda
Nova, Pernambuco. Araudjo-Junior (2016) classificou as assembleias dos depdsitos de tanques
em relacdo ao transporte da area fonte. Aradjo-Junior et al. (2017) classificaram as
acumulacGes dos depositos de tanques em relagédo a sua origem. Por fim, Scherer et al. (2017)
conduziram estudos tafondmicos e geocronoldgicos de um deposito de tanque da Bahia.

De maneira geral, esses estud os tém sugerido que o preenchimento sedimentar dos
tanques tem como origem fluxos gravitacionais e inundacdes, depositando 0s restos
esqueletais (j& desarticulados, intemperizados e abradidos), podendo mistura-los com os
outros restos ja depositados, resultando em mistura espacial e temporal (ARAUJO-JUNIOR,
2016; ARAUJO-JUNIOR et al. 2017). Esses depdsitos s30 pouco varidveis em sequéncia,
caracterizando-se por cascalhos matriz-sustentado (e.g. ALVES, 2007; ARAUJO-JUNIOR,
2013a), e, mais raramente podem ocorrer conglomerado matriz sustentado, arenito no topo e
geometria tabular (vide adiante). Através das assinaturas tafon6micas mais comuns nas
acumulacBes dos depositos de tanques (desarticulacdo, fragmentacdo, moderada abrasdo e
intemperismo) e uso de analises multivariadas, foi possivel distinguir diferentes tipos de
acumulacBes, com assembleias menos ou mais influenciadas pelo grau de retrabalhamento e
mistura temporal e espacial, interferindo na confiabilidade das informacdes paleoecoldgicas

dessas assembleias.
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2.2 ESTUDOS PALEOPATOLOGICOS EM VERTEBRADOS — GENERALIDADES

A paleopatologia (do grego paleo=antigo; pathos=sofrimento ou doenca e
logos=estudo, sensu RUFFER, 1914) é o ramo de estudo que trata das evidéncias de doencas
em humanos e ndo humanos em esqueletos antigos (variando de centenas a milhares de anos).
E um estudo multidisciplinar e concentra-se em fontes de evidéncias primarias e secundarias
(ROBERTS e MANCHESTER, 2010). Moodie (1917) ressaltou a importancia do estudo
paleopatologico em vertebrados fosseis e, provavelmente, foi um dos que mais contribuiu
para esses estudos. Os primeiros estudos paleopatolégicos foram desenvolvidos por Esper em
1774, descrevendo osteosarcoma em um fémur de Ursidae do Pleistoceno.

A analise macroscopica dos restos fisicos é a forma mais direta de estudo
(WALDRON, 2009). Entretanto existem algumas limitacoes em estudos paleopatologicos. As
populacdes, em geral, ndo podem ser estudadas, e a pesquisa se restringe a um ndmero
pequeno de individuos, impedindo inferéncias sobre a prevaléncia da doenca em nivel
populacional, além dos restos esqueletais comumente sofrerem danos post-mortem, o que
pode atrapalhar na determinacdo do diagndstico (ROBERT e MANCHESTER, 2005). Além
desses fatores, a auséncia dos tecidos moles, na maioria dos casos, impossibilita testes
bioguimicos e historico médico (ORTNER, 2003); a forma como 0s 0ssos respondem aos
agentes estressores € restrita (ndo permite sintomatologia nem progresso da doenca)
(PFEIFFER, 1991) e, ndo se pode determinar a causa mortis a partir apenas da andlise
osteoldgica, ja que as doencas que causam a morte dos individuos sdo expressas na forma
aguda (WALDRON, 2009).

No caso dos restos fosseis a interpretacdo de dados paleopatologicos depende,
fundamentalmente, de um diagndstico diferencial a partir de sinais de doencas aparentes
macroscopicamente (ROBERTS e MANCHESTER, 2010). O primeiro passo é a observacao
macroscopica para diferenciar as paleopatologias (antemortem) das pseudopatologias (post-
mortem). Os processos destrutivos antemortem em restos esqueletais apresentam como
caracteristicas morfoldgicas os seguintes aspectos: bordas lisas ou arredondadas e, a maioria
das erosbes destrutivas, tera alguma evidéncia de reparo osteoblastico em algum ponto
(ORTNER, 2003). As alteracbes post-mortem apresentam coloracdo distinta do cdrtex
danificado, sendo mais claro que o resto do 0sso, apresentando bordas agudas ou denteadas

(WALDRON, 2009). Feita a identificacdo da alteracdo 0ssea como ante-mortem, parte-se
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para o diagnostico diferencial, onde serdo descritas as alteracbes anormais no resto esqueletal
e, se possivel, reconstruido o processo patolégico e sua origem.

A observacdo macroscépica € um método de estudo amplamente difundido na
paleopatologia (ROBERTS e MANCHESTER, 2010) e o mais utilizado. Adicionalmente,
algumas técnicas podem ser utilizadas para auxiliar a descricio das alteracbes
paleopatoldgicas. A radiografia (Raios-x convencional e microtomografia de Raios-X-uCT)
tem um papel importante no diagndstico da doenca e do trauma; o microscépio eletronico de
varredura (MEV) e de luz transmitida expandem a imagem e aumentam a precisdo do
diagnostico (ROBERTS e MANCHESTER, 2010). Além disso, podem ser utilizadas técnicas
quimicas e analises complementares (e.g. histologia, DNA ancestral) (ORTNER, 2003). No
que se refere ao uso das técnicas como Raios-x convencional e microtomografia de Raios-X
(UCT), estas vem sendo amplamente utilizadas ao longo de mais de 100 anos (CHHEM,
2008) como ferramentas complementares ao diagnostico paleopatologico, principalmente, na
extensdo da lesdo (FERIGOLO, 1987).

2.2.1 Historico e importancia dos estudos paleopatoldgicos do Quaternario do Nordeste
do Brasil

As primeiras observacdes paleopatoldgicas em mamiferos do Quaternario do Nordeste
do Brasil foi realizada por Henriques et al. (1998), que relataram a reacdo 0ssea e artrose em
Panochthus, do Pleistoceno da Paraiba. Mais recentemente, a partir dos anos 2000 cresceram
0s estudos de ocorréncias de paleopatologias, principalmente em megamamiferos. Barbosa et
al. (2012) relataram a ocorréncia de fratura ante mortem em veértebras de E. laurillardi do
Pleistoceno de uma caverna de Jacobina, Bahia. Aradjo-Junior et al. (2013) descreveram duas
vértebras anormais de E. laurillardi, proveniente de um deposito de tanque do Ceard,
exibindo discopatia e um calo pos-traumaético.

Nos ultimos anos houve um significativo aumento de trabalhos sobre paleopatologia
do Quaternario do Nordeste do Brasil, sendo que as principais contribui¢es foram realizadas
por F.H.S. Barbosa. O primeiro trabalho desse autor e colaboradores foi Barbosa et al. (2013),
no qual descrevem um caso de osteomielite para Notiomastodon platensis do Rio Grande do
Norte. Barbosa et al. (2014) reportaram um caso de artrite afetando um axis de E. laurillardi,
procedente de Pernambuco. Barbosa et al. (2014) relataram um caso de espondiloartropatia
(SpA) em gliptodontideos do Rio Grande do Norte. Recentemente, Barbosa et al. (2017hb)

reconheceram a SpA, nddulo de Schmorl (NS) e uma infeccéo inespecifica em Nothrotherium
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maquinense e osteocondrite dissecante (OD) em Ahytherium aureum. Barbosa e Oliveira
(2017) relataramm um defeito linear em veértebra de Equidae, procedente de Pernambuco.
Barbosa et al. (2017d) reportaram a ocorréncia de artrite e a doenca de deposicdo do
pirofosfato de célcio (DDPC) em Panochthus do Rio Grande do Norte. Barbosa et al. (2017c)
realizaram estudo etiol6gico das doencas reconhecidas em seis espécies de preguicas do
Quaternario da RIB, sendo estas: a doenca de deposicdo do pirofosfato de célcio (DDPC),
Espondiloartropatia (SpA), Osteoartrite (OA), nddulo de Schmorl (NS), Osteocondrite
dissecante (OD) e Espondilose Deformante (ED). Ressalta-se que atraves desse estudo
mostrou-se a susceptibilidade de lesGes dentre as espécies de preguicas do Quaternario da
RIB. Nesse sentido, os estudos acima apontados corroboram Ferigolo (1987), que ao estudar
mamiferos fésseis do Rio Grande do Sul (megaterideos, milodontideos, toxodontideo e
macrauquenideos) pontuou que as alteracbes degenerativas (como a osteoartrite), traumas
(lesBes cicatrizadas), infeccdes (osteomielites piogénicas ou ndo), alteracdes dentarias e
nutricionais (hipoplasia do esmalte dentario), estavam entre as alteracbes paleopatologicas
mais comuns nesses individuos.

Demonstra-se assim, a importancia dos estudos paleopatologicos. Ressalta-se que as
marcas deixadas pelas enfermidades nos fosseis foram geradas dentro de um contexto
ecoldgico, e podem estar diretamente ligadas as caracteristicas ecologicas particulares das
espécies (autoecologia) ou as suas relagbes troficas com os demais componentes do
ecossistema (sinecologia) (BARBOSA, 2013). Fatores ambientais como a latitude, a
longitude e o clima, associados, tém um efeito profundo sobre a incidéncia de certas doengas
(PATZ et al., 1996), podendo ocasionar distirbios metabolicos causadores de doengas. S&o
diversas as alteracdes provocadas por patdégenos (bactérias, virus e fungos) ou pela relacao
predador-presa, disputas territoriais e/ou parceiros sexuais e doencas correlacionadas ao
esmalte dentério (do tipo hipoplasia) (BRAUNN e FERIGOLO, 2004). Ainda podem ocorrer
doencas associadas a biomecanica (peso corporal e sobrecarga) e envelhecimento, como a
alguns tipos de artrite vertebral (FERIGOLO, 1987).

Nesse sentido, os tecidos dentarios emitem o mesmo sinal de resposta para varios
fatores ambientais distintos (FERIGOLO, 2007), sendo assim 6timos indicadores das historias
individuais dos organismos extintos, sobre as quais as forcas extrinsecas ambientais agiram,
como o0 estresse ambiental e/ou nutricional, deixando alteracbes paleopatologicas
(FERIGOLO, 1987; FERIGOLO, 2007; MELO, 2007). Nesse caso, a hipoplasia de esmalte

em Toxodon pode ter decorrido de déficits nutricionais sazonais ciclicos (FERIGOLO, 2007;
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MELO, 2007; BRAUNN et al., 2014), correlacionada as mudancas climaticas e a provavel
relacdo com a extingdo dos megamamiferos no Pleistoceno Final da América do Sul
(FERIGOLO, 1999). Ferigolo (1999) sugere ainda que as infeccdes geradas pela introducdo
de patdgenos exdgenos trazidos por mamiferos norte-americanos, seria um dos fatores que
poderiam ter contribuido na extingdo da megafauna sul-americana, somado ao conjunto de
fatores como: mudancas climaticas, predacdo, etc. (e.g. HAYNES, 2009). Assim, a detec¢do
das lesbes deixadas por esses patdgenos nos fosseis servem de testes falseadores (ou
corroborativos) dessa hipotese como, por exemplo, os achados de lesdes infecciosas em
megaterideos da RIB (e.g. BARBOSA et al., 2017b,c).

O estudo das paleopatologias e outras alteracbes nos 0ssos e dentes de mamiferos
fosseis permite um meio indireto para entender os multiplos aspectos dos individuos como:
processos adaptativos, habitos, estilo de vida e dieta, distdrbios biomecénicos, metabolicos e
nutricionais (FETTUCIA et al., 2013). Eventos diferentes podem deixar marcas permanentes
nos 0Ss0s e revelar aspectos importantes da histdria de vida de um animal em particular, mas
nem sempre é simples reconhecer quais processos estdo envolvidos (SIMOES-LOPES et al.,
2008). O estudo paleopatologio € de extrema importancia, pois se as paleopatologias nédo
forem reconhecidas, numerosos dados sobre a vida dos grupos extintos serdo perdidos e, além
disso, é imprescindivel que as alteracGes patoldgicas e senis ou mesmo anatémicas, devam ser
identificadas (FERIGOLO, 1987).

Paleopatologias sdo importantes também na interpretacdo da histdria tafondmica de
assembléias fdsseis, pois nem sempre ¢ tarefa facil diferenciar entre fei¢cbes tafonémicas e
paleopatoldgicas, especialmente tratando-se de paleopatologias com caracteristicas erosivas,
potencialmente geradoras de ruidos no diagnéstico (BARBOSA, 2013). Desta forma, aliada a
tafonomia, a paleopatologia torna-se uma importante ferramenta para a compreensdo do
cendrio paleoecoldgico do Quaternario do Nordeste do Brasil e de maneira geral da América
do Sul.
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3 AREA DE ESTUDO

A é&rea de estudo corresponde ao Sitio Paleontologico Zabelé (SPZ) (8°43°15” S,
36°38°20” W, altitude 963m). Estd localizado na microrregido do Vale do Ipojuca,
mesorregido do agreste pernambucano, Nordeste do Brasil. Partindo-se da capital Recife, o
acesso ao tanque pode ser feito através da BR-232 sentido Caruaru e, em seguida, pela PE-
193. (Figura 3). O depdsito de tanque situa-se geograficamente na folha Venturosa SC.24-X-
B-V, na escala 1:100.000.

Figura 3 — Localizagdo do Sitio Paleontolégico Zabelé (SPZ), municipio de Capoeiras, estado de Pernambuco,
Brasil.

Pernambuco

A

Capoeiras

Fonte: A autora (2019).

A. Mapa de localizagdo. B. Imagem do Google Earth. C. Vista geral da &rea de estudo.
Nota: Local de coleta dos fosseis (setas). Notar o formato em poltrona do tanque (tracejado).
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3.1 GEOLOGIA

Geologicamente, o tanque estd inserido na Provincia Borborema, constituida pelos
litotipos mesoproterozoicos dos Complexos Cabrob6 e Belém do S&o Francisco e pelos
granitoides neoproterozoicos da Suite Intrusiva Leucocréatica Peraluminosa (CPRM, 2005). O
embasamento rochoso do tanque é composto por granitoides neoproterozoicos, idade de 580
M.a. (BRITO NEVES et al., 2000), que intemperizam para um material argilo-siltico-arenoso
(CPRM, 2005).

A ocorréncia de tanques nessa regido insere-se na Suite Intrusiva Leucocrética
Peraluminosa. No mapa planialtimétrico, as cotas situadas proximas ao tanque, sdo as mais
elevadas, de topos de morro situados a NE, variando entre 970-975 m. As cotas menores (<
900 m) estdo situadas nas drenagens atuais, que cruzam a cerca de 1,3 km no sentido sudeste-

noroeste e a ~2 km ao norte-oeste do SPZ (Figura 4).

Figura 4 — Mapa planialtimétrico do depdsito de tanque Zabelé, municipio de Capoeiras, estado de Pernambuco,

Brasil.
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No tocante ao tamanho, o depoésito de tanque apresenta 6m de largura por 10m de
comprimento (no sentido N-S). De sua area total foi escavado cerca de 40 %. E um tanque
natural (forma ndo-fluvial) do tipo raso, de fundo em poltrona (Figura 3C), em estagio de
desenvolvimento final (ver WALDHER et al., 2018). Possui formato eliptico, semelhante a
uma lagoa, com bordas menos ingremes quando comparado com outros tanques. Sua
profundidade é de aproximadamente 1,5 m. E preenchido por clastos terrigenos.

Nos trabalhos de campo, em 2015, foi escavada uma tricheira (80 cm x 100 cm, 8:1), a
partir da qual foi produzido um perfil estratigrafico da secdo mais representativa do depdsito
(Figura 5).

O preenchimento sedimentar do depésito de tanque tem 180 cm de espessura, €
consiste em quatro camadas distintas (da base para o topo):

Camada 1. (Facies Gm) (50-60 cm de espessura) € constituida pela facies
paraconglomerado monomitico maci¢o, com matriz siltica-arenosa e arcabougo composto por
seixos grossos de granitoides, sem indicios de imbricacdo. Os restos de mamiferos foram
recuperados da base desta camada, com orientacdo preferencial dos maiores eixos dos
elementos 0sseos longos com dire¢cdo NE-SW. Amostras de sedimentos coletados a partir das
porcdes de base e de topo desta camada foram datadas em 41.200 +2.100 anos AP e 40.300
18,600 anos AP (Pleistoceno Superior), respectivamente, com base no metodo de
Luminescéncia Opticamente Estimulada (LOE). O topo da camada | (facies Gms) apresenta

uma descontinuidade lateralmente devido a possivel truncamento erosivo da camada Il.

Camada 11. facies Gm. (20 cm de espessura) é € formada por conglomerado grosso
monomitico, cujo arcabouco € composto seixos médios a grossos (variando de 25 a 40 mm)
de quartzo subangulosos, com estratificacdo plano-paralela. A porcdo superior da camada Il €
constituida por facies de paraconglomerado, com matriz arenosa grossa com presenca de

seixos grossos dispersos.

Camada Il1. facies Sp. (~20cm de espessura) € composta por arenito conglomeratico

com restos de matéria organica possuindo estratificacdo plano-paralela no topo.

Camada 1V. facies St. (~20cm de espessura) possui ~20cm de espessura é formada
pela facies arenito conglomeratico monomitico/polimitico com seixos subangulosos, restos de
matéria organica, estratificacdo cruzada e provavel bioturba¢do no topo. Amostras de rocha
coletadas na base e no topo da camada IV foram datados por LOE em 35.300 +1,200 anos AP
e 30.900 +1.200anos AP (Pleistoceno Superior).
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Camada V. (varia 30 a 60 cm de espessura) € o topo da se¢do. E constituida pelo

Horizonte C do solo — saprdlito (Figura 5). A tabela de facies consta no apéndice C.

Figura 5 - Perfil estratigrafico esquematico do Sitio Paleontolégico Zabelé, estado de Pernambuco, Brasil.
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4 MATERIAIS E METODOS

O material coletado encontra-se atualmente depositado na cole¢do cientifica
paleontoldgica do Departamento de Geologia da Universidade Federal de Pernambuco
(DGEO-CTG-UFPE), Recife, Estado de Pernambuco, Brasil. Os trabalhos de campo foram
realizados no ano de 2015 em duas etapas. Assim buscou-se entender a dinamica de deposicao
correlata a acumulacdo esqueletal e o contexto tafonémico.

Os materiais coletados e catalogados compreendem 342 espécimes, correspondendo a
dentes isolados, osteodermos, 0ssos cranianos e pds-cranianos. Dentes e osteodermos foram
excluidos da anélise tafonémica visto que o comportamento tafonémico desses elementos €
desconhecido (e.g. VOOHIES, 1969; BEHRENSMEYER, 1975; 1978). Portanto, apenas 305

espécimes foram utilizados na analise.

4.1 TERMINOLOGIA

Adota-se a nomenclatura “depdésito de tanque” com base na morfologia do depdsito
estudado e no conceito de Araudjo-Junior e Porpino (2011, p. 70), os quais abordam que “as
lagoas podem ser tanques de grandes dimensdes, com o contorno recoberto por sedimentos”.
O termo deposito de tanque, segue Araujo-Junior et al. (2013a), referindo-se ao contetdo
sedimentar que preenche as rochas do embasamento.

Os termos biocenoses, tanatocenoses e tafocenoses seguem Lyman (1994), onde: A)
biocenose-significa assembleia vivente; B) tanatocenose significa assembleia morta, derivada
da biocenose e posteriormente modificada por processos bioestratindmicos; C) tafocenose
significa assembleia enterrada e preservada.

Com relacdo ao uso das terminologias para o porte dos individuos, 0s termos
megamamiferos, mamiferos de grande porte, mamiferos de médio porte e mamiferos de
pequeno porte, seguem Cione (2009) e Araujo-Junior e Porpino (2011): (A) megamamiferos
>1000 kg; (B) mamiferos de grande porte, entre 100 e 1000 kg; (C) mamiferos de médio
porte, entre 10 e 100 kg e (D) mamiferos de pequeno porte, < 10 kg. A estimativa de massa
corporal de cada espécie foi retirada de estudos anteriores (e.g. FARINA et al., 1998;
PREVOSTI e VIZCAINO, 2006). As estimativas corporais mais recentes pontuam oS
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seguintes valores para os taxons de megamamiferos: E. laurillardi — 6650 kg; N. platensis —
6000 kg e T. platensis — 3090 kg (DANTAS et al., 2017).

O termo “espécime” corresponde a uma “unidade observacional”, seja um 0sso
completo (elemento esqueletal) ou um simples fragmento 6sseo. O elemento esqueletal
corresponde a uma “unidade anatdmica natural discreta de um esqueleto, como um umero,
uma tibia ou um dente”, de acordo com a nomenclatura estabelecida por Lyman (1994) e
também adotada por Araujo-Junior et al. (2013b).

As classificagdes das acumulagOes de vertebrados seguem Eberth et al. (2007b),
incluindo: (A) macrofossil dominante, quando mais de 75% do Numero de Partes Esqueletais
Identivicaveis - NISP é composto de 0ssos ou fragmentos 6sseos com dimensdes maiores que
5 cm; (B) microfossil dominante, quando mais de 75% do NISP é composto de 0ssos ou
fragmentos 6sseos com dimensdes menores que 5 cm; (C) acumulagdes mistas, conjuntos
contendo misturas significativas de macrofosseis e microfdsseis e mais de 25% do NISP cada.
Foram utilizados os termos monotaxica, paucitaxica e multitaxica, seguindo Eberth et al.
(2007b): (A) monotaxica, assembleia constituida por uma Unica espécie; (B) paucitaxica, de
duas a nove espécies; E (C) multitaxica, mais de nove espécies.

Seguiu-se a classificacdo da assembleia fossilifera dos conjuntos de vertebrados
fosseis de depositos de tanques, estabelecidos por Aradjo-Junior (2016), a qual utiliza como
base a distancia em relacéo a area fonte. As classificacdes sdo: assembleia preservada in situ
(acumulacdo esqueletal derivada de individuos que morreram dentro dos tanques e
preservados dentro deles); assembleia periférica (acumulacdo esqueletal derivada de
individuos que morreram ao redor dos tanques, foram transportados e preservados dentro dos
tanques); e assembleia preservada ex situ (uma acumulacao esqueletal derivada de individuos
que morreram longe dos tanques, foram transportados e preservados dentro dos tanques).

Com relacdo as cores foram estabelecidas com base na observacdo macroscépica de
cada espécime. Para cada cor, foi utilizada o codigo de cores padrdo da tabela The Globe ®,
versdo 2004, sendo estas: bege (cor 7.5 YR 8/1), marrom (varia entre as cores 7.5 YR 5/3 e
7.5 YR 4/3); cinza (varia entre as cores 10 YR 8/1 e 10 YR 7/1); mista (marrom e preto)
(marrom, varia entre as cores 7.5 YR 5/3 e 7.5 YR 4/3) (preto, corresponde a cor 7.5 YR
2.5/1).
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4.2 ANALISES DOS DADOS

Neste trabalho, a analise dos dados correspondeu a: analises tafondmicas, estatistica
multivariada, quimica (DR-X) e petrografia, inspecdes paleopatoldgicas, analise de raios-X
convencional, microtomografia de raios-X (UCT) além da taxonomia.

4.2.1 Analise tafonOmica

A andlise e a interpretacdo das modificacdes dos elementos esqueletais seguird os
critérios de Behrensmeyer (1978, 1986; 1991), Hill (1979), Haynes (1980, 1983), Mikulas,
(2006), Pirrone (2014), Dominguez-Rodrigo (2009), Shipman (1981), Lyman (1994), Holz e
Simdes (2002), Montalvo (2002). Eberth et al. (2007a) e Aradjo-Junior e Bissaro-Junior
(2017). A tabela das assinaturadas tafondmicas utilizadas consta no Anexo A.

As seguintes feicOes tafondmicas foram avaliadas: 1) integridade fisica (completos
(>90% dos ossos preservados); parcial (50 e 90% de o0sso preservado); e fragmento (<50% do
0sso preservado) (BEHRENSMEYER, 1991); 2) padrdes de quebras nos 0ssos longos
(quebras perpendiculares lisas, irregulares, espiral, longitudinal, compressdo, colunar,
descamada/lascada ¢ longitudinais e em “Y” (SHIPMAN,1981; LYMAN,1994); o
intemperismo 0sseo € identificado com base nas marcas de dessecacdo nos estagios de
intemperismo estabelecidos por Behrensmeyer (1978), os quais variam de 0 a 5; o estagio 0
corresponde aos elementos sem marcas de dessecacao e sem exposicao subaérea e o estagio 5
aos elementos bastante intemperizados e com uma exposicao subaérea mais prolongado; 4)
marcas de pisoteio sdo identificadas a partir de depressbes lineares subparalelas e rasas,
utilizando-se a classificacdo de Behrensmeyer (1986) e Dominguez-Rodrigo (2009); 5) para
marcas geradas por carnivoros/carniceiros, seguiu-se 0s padrbes de identificacdo
estabelecidos por Haynes (1980; 1983) e os critérios para classificacdo dos icnotaxons Pirrone
et al. 2014; 6) para marcas de insetos seguiu-se 0s critérios para classificacdo dos icnotaxons
de Pirrone (2014); 7) o desgaste por abrasdo foi inferido pelo grau de arredondamento de
quebras oriundas do choque mecanico de particulas e 0 0sso, na classificacdo de Shipman
(1981); 8) as alteracBes antropogénicas foram avaliadas de acordo com Lyman (1994); 9) as
marcas de raizes foram avaliadas segundo os critérios de Montalvo (2002), Araujo-Junior e
Bissaro-Junior (2017); 10) a coloracdo dos espécimes segue 0s critérios de Araujo-Janior e
Bissaro-Junior (2017).
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Para mensuragdo das caracteristicas microscépicas dos espécimes (e.g. alteracbes
biogénicas) foi utilizado software Fiji (SCHINDELIN et al., 2012).

Para fins de interpretagdes a respeito dos tipos de morte, tendenciamento tafondmico e
aspectos paleocoldgicos, foram considerados o espectro ontogenético dos taxons identificados
e a representatividade 0ssea e taxondmica. Os critérios para estimar estagios ontogenéticos
foram tomados a partir do grau de fusionamento das epifises de 0ssos longos e grau de
preservacao de elementos dentarios (desgaste, presenca de cuspides, cristas, raizes, etc.).

Utilizou-se o Fluvial Transport Index (FTI) (FRISON e TODD, 1986) com o objetivo
de se analisar o grau de transporte das tafocenoses em relacdo aos locais de morte. Optou-se
por utilizar o FTI ao invés dos classicos grupos de Voorhies (VOORHIES, 1969), visto que,
no caso de mamiferos de grande porte e megamamiferos, o FTI é melhor aplicavel dada a
semelhanca entre o porte dos individuos da megafauna quaternaria e a espécie vivente
Elephas maximus utilizada por Frison e Todd (1986). Araujo-Junior et al. (2012) aplicaram a
analise de FTI e o grupo de Voorhies nas concentragdes de megamamiferos oriundas de
depdsitos de tanques e fluviais, demonstrando estatisticamente que a aplicacdo do grupo de
Voohies nessas concentracfes, obteve resultados diferentes da transportabilidade real,
enquanto que o uso de FTI, representou a real transportabilidade dos espécimes. Além disso,
Elephas maximus possui 0 peso, forma e densidade analogos aos de megamamiferos extintos,
0 que torna as inferéncias em relacdo ao transporte mais fidedignas.

A representacdo taxondmica foi avaliada considerando-se o “Numero de Partes
Esqueletais Identificaveis” (NISP) e o “Numero Minimo de Individuos” (NMI) para
quantificar tdxons e partes esqueléticas, respectivamente (BADGLEY, 1986; LYMAN,
1994;). Para cada taxon, o MNI foi calculado usando o elemento esquelético mais abundante
do lado esquerdo ou direito do animal (LYMAN, 1994).

4.2.2 Analise estatistica multivariada

Foram realizadas analises estatisticas multivariadas utilizado-se o software
Paleontological Statistics versdo 2.16¢ (PAST) (HAMMER et al., 2001).

O SPZ (NISP=305) foi comparado com outros cinco depdsitos de tanques estudados
anteriormente na RIB, localizados em diferentes regides do Nordeste. Os tanques comparados
com o SPZ foram: Jirau (3°21°23”S 39°42°20”W) (NISP=1405), Joao Cativo (3°30’17”S
39°40°24”W) (NISP=556), Campo Alegre (7°15°18.55”S 36°44°26.35”W) (NISP=331),
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Curimatas (7°07°36”S 36°07°48”W) (NISP=118) ¢ Lage Grande (8°25°27”S 36°43°20”W)
(NISP=230). A matriz de dados para estas localidades foi apresentada por Araujo-Junior et al.
(2017).

Andlises de correspondéncia e agrupamento (modos Q e R) dos seis (6) depositos de
tanques foram realizadas para identificar tanto as categorias tipicas e atipicas das
caracteristicas tafondmicas quanto os contextos tafondmicos dos depdsitos. Foi produzida
uma matriz de dados para as categorias de atributos tafonémicos (Apéndice), os quais foram
pontuados usando valores percentuais para cada sitio paleontoldgico. A matriz de dados
resultante foi submetida as analises de cluster (modo-Q e modo-R) e correspondéncia, usando
a média de pares de grupos ndo ponderados (weighted pair group method with simple
arithmetic averages-UPGMA) e, por fim, um teste de permutacdo ANOSIM (one-way) foi
aplicado de modo a avaliar a significancia das diferencas entre os agrupamentos obtidos
através da analise de cluster. Em todas as analises utilizou-se como indice a distancia
euclideana.

Na anélise de agrupamento no Modo-Q, SPZ foi agrupado com base na similaridade
de suas categorias de assinaturas tafondémicas com os demais sitios analisados e esse
agrupamento foi usado para identificar sitios com contextos tafonémicos similares na RIB.

Na analise do Modo-R, as categorias de assinaturas tafonémicas foram agrupadas com
base na similaridade das porcentagens com as quais elas ocorrem entre 0s sitios
paleontologicos. Em ambas as analises, R e Q, um teste ANOSIM de permutacdo (one-way)
foi empregado para avaliar a significancia das diferencas entre os grupos obtidos. Esse teste
fornece um R estatistico que varia de -1 a +1, onde valores de R igual a +1 sdo obtidos
somente quando todas as amostras dentro dos grupos sao mais semelhantes entre si do que a
qualquer outra amostra de outros grupos (CLARKE e WARWICK, 2001). O valor de
significancia (p) dos agrupamentos também foi obtido a partir deste teste.

A analise de correspondéncia (correspondence analysis-CA) especifica as distancias
qui-quadradas (x?) entre os sitios paleontoldgicos da RIB, utilizando as distancias em Qui-
quadrado (x?) entre as principais categorias tafondmicas nas assembleias como background.
De acordo com Hammer (2013, p. 97), “[...]. Se os seus dados sdo “bem comportados”, 0S
taxas [no nosso caso, sitios paleontoldgicos] tipicos de uma associacdo devem ser plotados
nas proximidades dessa associacdo [...]”. Neste estudo, os sitios paleontologicos plotados
fora da vizinhanga do agrupamento principal de localidades foram considerados como

representando outliers tafonomicos, indicando uma possivel assembleia “exdtica” (misturada
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temporal ou espacialmente) em comparacdo com as tafocenoses remanescentes, que
representam as assembleias tipicas (ver HAMMER et al., 2001 e HAMMER e HARPER,
2006).

A andlise dos componentes principais (Principal components analysis — PCA) é usada
para reduzir o conjunto de dados a apenas duas variaveis (0s dois primeiros componentes)
para fazer gréficos; sendo hipotetizado que os componentes mais importantes estejam
correlacionados com outras variaveis. Desta forma, as porcentagens da variancia levada em
conta por estes componentes € também fornecida. “Se a maior parte da varidncia for levada
em conta pelos dois primeiros componentes, a analise foi um sucesso, mas se a variancia
estiver distribuida de forma mais ou menos uniforme entre os componentes, a PCA foi, de um
certo modo, pouco sucedida” (HAMMER, 2012).

4.2.3 Difratrometria de raios-x (DRX)/petrografia

Da camada fossilifera foram coletadas 5 amostras de sedimentos para datacdo por
Luminescéncia Opticamente Estimulada - LOE. Foram selecionados ainda seis fragmentos de
0Ss0Ss pos-cranianos de diferentes cores e densidades para analise fossildiagenética por
Difratometria de raios-X (DRX).

A analise de LOE foi realizada pelo Laboratério de Espectrometria Gama e
Luminescéncia, do Instituto de Geociéncias da Universidade de S&o Paulo (USP). As curvas
LOE foram medidas utilizando um leitor Termoluminescéncia-TL/OSL automatizado, modelo
Ris@-DA20. A luminescéncia foi detectada na regido Ultravioleta-UV utilizando um filtro U-
340. O protocolo de dose regenerativa de aliquota unica (SAR) em quartzo de gréos grossos
foi empregado para avaliacdo (MURRAY e WINTLE, 2000).

A analise por DRX foi realizada no Departamento de Solos da Universidade Federal
Rural de Pernambuco (UFRPE). Para a realizacdo dos testes de difracdo de raios-X nos
fosseis analisados, foi utilizado o método de P6 (Debye-Scherrer), com o objetivo de obter
uma analise qualitativa da composicdo da amostra (BORGES, 2000).

De cada amostra, foi retirada uma porcdo de aproximadamente 1 g de estruturas
Osseas, trituradas com o auxilio de um microretifica Dremel 3000, modelo 225, até tornarem-
se po (fracdo argila, menor que 0,002 mm). O material foi posto em porta amostra de alumina
e, em seguida analisado por difragdo de raios X (DRX), utilizando-se um difratbmetro

Shimadzu XRD 6000, aplicado a voltagem de 40 KVVA e amperagem de 30 mA. A analise foi
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realizada sob as seguintes condigdes: radiagdo Ka-Cu, em um intervalo de varredura de 5 a
70°20 e velocidade de varredura de 1,5 °20 min'". A identificacdo de fases minerais foi feita
através da comparacdo do padrdao difratométrico obtido com fichas do banco de dados do
PDF- ICDD.

As fotomicrografias foram realizadas no Laboratério de Gemologia (LabGem) da
Universidade Federal de Pernambuco-UFPE. Para analise fossildiagenética, foram
confeccionadas 10 ldminas delgadas dos fdsseis de diferentes espécimes (e.g. costelas e
vértebras) e com cores e densidades distintas. As ldaminas delgadas foram confeccionadas no
Servico Geoldgico do Brasil-CPRM, Unidade Recife, seguindo os protocolos tradicionais de
confeccdo das laminas delgadas para amostras de fosseis (PADIAN e LAMM, 2013).

Na analise de integridade histoldgica foi utilizado o indice histologico de Hedges e
Millard (1995), o qual classifica em 5 estégios a histologia 0ssea de acordo com o grau (%) de

degradacéo diagenética.

4.2.4 Andlises paleopatologicas

Todos os 305 elementos Osseos foram analisados morfologicamente em busca de
alteracdes paleopatoldgicas observaveis a olho nu; alguns especimes foram observados com o
auxilio de uma lupa de méo. A descricdo das alteracdes O6sseas foi baseada na literatura
especializada, incluindo Ortner (1988; 2003), Rothschild et al. (1992; 2014), Lovell (1997),
Aufderheide e Rodrigues-Martin (1998), Peng et al. (2003), Rothschild e Martin (2006),
Waldron (2009) e Vaccaro et al. (2013). Para os casos de determinacdo da natureza da leséo,

aplicou-se analises especificas.

4.2.4.1 Andlise de raios-X convencional

O espécime DGEO-CTG-UFPE 7823 foi submetido a analise radiografica
convencional em sistema de imagem radiografica em uma clinica de radiologia médida em
Recife, Pernambuco. A amostra foi digitalizada no aparelho de raios-X digital Carestream CR
vita-Tecno-Desing TD 200 S (especificacbes: 120 mA e 75-80 kV) e as imagens foram

analisadas usando o software Carestream Health Image Suite® (verséo 2.0).
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4.2.4.2 Andlise de microtomografia de raios-X (UCT)

Para entender-se melhor a natureza da lesdo no espécime DGEO-CTG-UFPE 7825,
submeteu-se o0 espécime a uma analise de microtomografia de raios-X (UCT). O
escaneamento do espécime foi realizado no Laboratorio de Instrumentagdo Nuclear (LIN), na
Universidade Federal do Rio de Janeiro (UFRJ), na cidade do Rio de Janeiro, Brasil. As
varreduras foram feitas usando o sistema de microtomografia de alta energia Bruker SkyScan
1173 X-Ray pCT, equipado com uma fonte de raios-X de tungsténio Hamamatsu 130/300,
alimentado por uma corrente de 130kV em uma intensidade de 61pA. Foi utilizado um
detector de painel plano (2240 x 2240) para registrar a transmissédo do feixe de raios X do
cone. As imagens de projecdo foram realizadas a 360 ° em cada etapa de rotacdo de 0,5 °. As
imagens PUCT e reconstrucdo sdo realizadas com o software NRecon®, versédo 1.6.9.4, para
criar cortes transversais da amostra usando um algoritmo baseado na retroprojecéo filtrada
(Feldkamp et al., 1984). Todas as fatias reconstruidas foram salvas como arquivos de bitmap e
gerando um arquivo com 16,6 GB de tamanho. O conjunto de dados foi importado para o
CTVox versdo 3.2.0 (Bruker CT®) no Windows 10 de 64 bits para visualizacdo e analise do
material. A area de algumas lesGes descritas a frente foi medida usando o software de cddigo
aberto Fiji (SCHINDELIN et al., 2012).

4.2.5 ldentificacdo antondmica/taxonémica

A identificacdo anatdmica e taxonbmica foi feita através de comparagfes com 0s
materiais da colecdo cientifica Paleontoldgica da Universidade Federal de Pernambuco
(DGEO-CTG-UFPE) e com a colecao de paleomastozoologia do Museu de Ciéncias Naturais
da Pontificia Universidade Catolica de Minas Gerais-PUC-Minas, em Belo Horizonte, alem
da literatura especifica (e.g. ROTH, 1898; SIMPSON e PAULA COUTO, 1957; PAULA
COUTO, 1979; GILLETTE e RAY 1981; CARTELLE, 1992; OLIVEIRA et al., 2010;
ZURITA et al., 2011; MOTHE et al., 2013).
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5 RESULTADOS

Os resultados desta tese estdo estruturados na forma de artigos cientificos em
periodicos indexados na area de Geociéncias da Coordernacdo de Aperfeicoamente Pessoal
(CAPES), em conformidade com o regimento do Programa de P6s-Graduacao de Geociéncias
(PPGEOC/UFPE). Encontram-se organizados em quatro manuscritos: submetidos (Artigos 1
e 3), publicado (Artigo 2) ou em vias de submissdo (Artigo 4).

O Artigo 1 é intitulado “New record of calf Notiomastodon cf. platensis (Mammalia,
Proboscidea) from Pernambuco state, northeastern Brazil” aprovado para publicacdo no
periddico Revista Brasileira de Paleontologia (Qualis Capes B2). Neste manuscrito ¢ feita a
descricdo taxonémica de um raro espécime juvenil de Notiomastodon platensis coletado no
tanque Zabelé, fazendo correlagbes com ontogenia e tafonomia (tematica da tese), ampliando
0s achados desses individuos para o Quaternario da América do Sul.

O Artigo 2 é intitulado “Astragalo e osteodermos de Glyptotherium Osborn, 1903 do
Pleistoceno Final de Pernambuco, Nordeste do Brasil”, que se encontra publicado no
periddico Revista Brasileira de Paleontologia, v21. nl. 2018 (Qualis Capes Geociéncias B2).
Neste manuscrito é descrito ocorréncia de Glyptotherium sp. em uma nova localidade, o
depdsito de tanque Zabelé, ampliando os achados desse taxon e permitindo correlagdes com
outras ocorréncias desse taxon no Quaternario da América do Sul.

O Artigo 3 é intitulado “Revealing new bone diseases in the Quaternary
megaherbivore ground sloth Eremotherium laurillardi” o qual foi submetido ao periddico
Historical Biology (Qualis Capes A3). Este artigo aborda a identificacdo e descricdo de
lesbes, algumas inéditas, nos espécimes de E. laurillardi do depdsito de tanque Zabelé. Esse
registro amplia 0 nimero de doencas nas espécies de preguicas gigantes do Quaternario da
América do Sul e, fornece dados, para estimativas futuras de suscetibilidade de doencas
nessas preguicas.

O Artigo 4 ¢é intitulado “The taphonomic scenario of the Zabelé tank deposit,
Pleistocene of the Northeast region of Brazil” o qual estd em vias de submissdo ao periddico
Palaeogeography, Palaeoclimatology, Palaeoecology (Qualis Capes Al). Este artigo € o
principal trabalho elaborado a partir dos varios dados coletados nessa tese. O artigo integra
estudos tafondmicos, geocronoldgicos, sedimentoldgicos, paleoecoldgicos reconhecidos na

acumulacdo fossilifera de mamiferos quaternarios de SPZ e também ¢ feita uma comparacédo
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com outros depositos de tanques da RIB elucidando o cenario tafondmico e paleoambiental

durante o Pleistoceno Final.

5.1 ARTIGO 1 - New record of calf Notiomastodon cf. platensis (Mammalia, Proboscidea)
from Pernambuco state, northeastern Brazil

Autores: Luana Cardoso de Andrade, Edison Vicente Oliveira, Dimila Mothé & Vanderlei
Maniesi

Status: Aceito para publicacéo

Periddico: Revista Brasileira de Paleontologia (Qualis Capes B2)

[RBP] Deciséo editorial = Cairadeentrada x S B [
D) Revista Brasileira de Paleontologia <contato@sbpbrasil.org> @ seg,12deago19:56 T¢ 4
paraeu v

Luana Cardoso Andrade:

Foi tomada uma deciséo sobre o artigo submetido a Revista Brasileira de Paleontologia, "NEW RECORD OF AN IMMATURE NOTIOMASTODON CF. PLATENSIS
(MAMMALIA, PROBOSCIDEA) FROM PERNAMBUCO STATE, NORTHEASTERN BRAZIL".

A decisdo é: o trabalho tem mérito e poderd ser publicado na RBP como uma nota cientifica apds a incorporacéo dos ajustes sugeridos por ambos os revisores (ver
comentdrios abaixo e arquivos anexos)
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ABSTRACT - Proboscideans are megamammals widely recorded in South America
Quaternary deposits, especially in Brazil, where many specimens were found in tanks and
caves. In tank deposits, the fossil remains are usually recognized as adult individuals,
although highly and generally fragmented. The records of immature proboscideans are rare,
consisting of isolated teeth and jaw fragments, especially from tank deposits. Here we
describe a new and rare occurrence of an immature proboscidean -- a second upper left
deciduous premolar (DP2) of Notiomastodon cf. platensis -- from Pernambuco state, Brazil.
This record increases the number of immature individuals known for Notiomastodon in
Brazil, contributes to the understanding of the frequency of immature individuals in tank
deposits, and increases Notiomastodon geographic distribution in South America.

Keywords: South America, Quaternary, Notiomastodon platensis, immature, tank deposit.
RESUMO - Os proboscideos sdo megamamiferos amplamente encontrados nos depositos
quaternarios da América do Sul, especialmente no Brasil, onde muitos espécimes encontrados
em tanques e cavernas. Em depdsitos de tanques, grande parte dos restos € reconhecida como
individuos adultos, embora geralmente sejam altamente fragmentados. Os registros de
proboscideos imaturos sdo raros, constituindo-se de dentes isolados e fragmentos de
mandibulas, especialmente para depositos de tanques. Aqui, descrevemos uma ocorréncia
nova e rara de um proboscideo imaturo -- o segundo pré-molar deciduo superior esquerdo
(DP2) de um Notiomastodon cf. platensis — do estado de Pernambuco, Brasil. Esse registro
aumenta o numero de individuos imaturos conhecidos para Notiomastodon no Brasil,
contribui para o entendimento da frequéncia de individuos imaturos em depdsitos de tanques e
aumenta a distribuicdo geografica de Notiomastodon na América do Sul.

Palavras-chave: América do Sul, Quaternario, Notiomastodon platensis, individuo imaturo,
depdsito de tanque.

INTRODUCTION
The diversity of fossil proboscideans in South America comprises two species:
Notiomastodon platensis Ameghino 1888 and Cuvieronius hyodon Fischer 1814 (Mothé et al.,
2017). The latter is recorded in Bolivia, Peru, Colombia and Ecuador (in addition to Central
and North Americas), while the first is endemic to South America, being recorded all over the
continent (Ferretti, 2008; Lucas, 2013; Mothé et al., 2017). All Brazilian records are
recognized as the proboscidean Notiomastodon platensis, although several specimens are not

identified at species level due the lack of diagnostic features (Mothé & Avilla, 2015).
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Most of South America records of proboscideans comprise remains of adult
individuals, although a few localities have provided remains of newborn/immature
proboscideans, such as Tarija (Bolivia, with records of C. hyodon; Liendo-Lazarte, 1946;
Mothé et al., 2016), Valle del Cauca (Colémbia, with records of N. platensis; Mothé et al.,
2019; pers. commun.), Toca dos Ossos (Bahia, Brazil, with records of N. platensis; Simpson
& Paula Couto, 1957; Cartelle, 1992; Mothé, 2010), Coronel Jodo de Sa (Bahia, Brazil, with
records of N. platensis; Dantas & Zucon, 2007) and Lage Grande (Pernambuco, Brazil, with
records of N. platensis; Vidal, 1946, Castellanos, 1948, Simpson & Paula Couto, 1957,
Araujo-Janior et al., 2013b).

In northeast Brazil, there is a large record of Notiomastodon platensis, mainly from
tank deposits (e.g. Rolim, 1974a,b, Alves et al., 2007, Araudjo-Junior et al., 2013a,b Araujo-
Junior et al., 2015, Araujo-Junior et al., 2017), and the same age profile is recognized
(predominance of adults of N. platensis, with rare exceptions, such as Lage Grande tank and
the Toca dos Ossos cave). The tanks are natural depressions developed in outcrops of
basements rocks, filled by sediments that usually contain remains of Quaternary vertebrates,
such as megafauna fragmented bones and teeth, among others (Araudjo-Junior et al., 2013a,
2017).

In this paper, we described a new fossil specimen of an immature proboscidean from a

Quaternary tank deposit in Pernambuco, northeastern Brazil.

MATERIALS AND METHODS
The material described here is a small and partly fragmented tooth, collected in the Zabelé
tank (ZPS; UTM: 24L 0759782 E, 9035190 S), in Capoeiras municipality, Pernambuco state,

northeastern Brazil (Figure 1).
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Figure 1. Location of the Zabelé tank, municipality of Capoeiras, state of Pernambuco,
Brazil.

The material is housed at the collection of the Laboratory of Paleontology at
Department of Geology, Federal University of Pernambuco, in Recife, Pernambuco, Brazil,
under the Collection number DGEO-CTG-UFPE 8912. The specimen morphology was
compared to specimens from the Colombian collection (GKS, in the ICESI University) and
from specific literature of South American proboscideans, such as Simpson & Paula-Couto
(1957), Mothé (2010), and Mothé et al. (2012, 2013, 2017). The dental morphology

nomenclature followed Tassy (1996), Green & Hulbert (2005) and Mothé (2010).

RESULTS AND DISCUSSION

The specimen DGEO-CTG-UFPE 8912 was identified as the second upper left
deciduous premolar (DP2), due to several morphological features, such as bunodont cusps
(tooth with cusps in the shape of inflated cones) and bilophodonty, i.e., presence of only two
pairs of main cusps/lophs, a feature of Notiomastodon teeth morphology (Mothé & Awvilla,
2015). The tooth measures approximately 29.2mm length and 36.8mm width. The metaloph
(second pair of main cusps) is wider than the protoloph (first pair of main cusps) and, even
fragmented, it is possible to note the characteristic “pear shape” (in occlusal view) of the DP2.
The distal cingulum is also preserved, although fragmented in the pretrites region (Figure 2).

Due the fragmentary nature of the specimen, only part of the anterior cusps
(protoloph) is visible. The metaloph is formed by a pair of cusps united by the base, where it
is possible to note the metacone. There are several small accessory cusps near the central
sulcus and distal cingulum (Figure 2). Only the distal cingulum is preserved (in the pretrite
region, this structure is slightly worn), being formed by small cusps, arranged laterally, and

reaching the lingual region. In the specimen, it is possible to note the preserved dental roots
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(lateral view, Figure 2B), which could indicate that the tooth was still in use by the animal at
the time of death. Compared to another DP2 specimen of Notiomastodon (GKS 000082) and
specialized literature, we observed the similarity of the dental crown morphology (Figure 3).

Regarding the specimen level of dental wear, we recognized the wear stage 3
(advanced wear with cusps still visible; Simpson & Paula-Couto, 1957), which allowed us to
infer that it belonged to an individual between 2-3 years old, i.e., an immature individual
(Mothé et al., 2010, 2016). In Quaternary proboscideans, it is estimated that the deciduous
second pre-molar erupts between 6 months and 1 year old, and is lost at about 2-3 years old
(Moss, 1996; Vaughan et al., 2000). At this age, the calf is in the process of weaning, i.e., its
diet includes the mother’s milk and soft vegetation (Moss, 1996). The wear pattern observed
on dental crown is caused by the mastication of abrasive particles in the consumed vegetation
(Simpson & Paula Couto, 1957, Mothé & Awvilla, 2015). In the South American
proboscideans, the deciduous dentition is totally replaced by the permanent teeth as soon as

the proboscidean reaches sexual maturation (Mothé¢, 2010).

Figure 2. The second upper left deciduous premolar (DP2) of Notiomastodon platensis cf.
DGEO-CTG-UFPE 8912. Occlusal (A) and lateral (B) views of the specimen. scale
bar=30mm

Figure 3. Comparison of the second upper left deciduous premolar (DP2) of Notiomastodon
platensis. A. Specimen DGEO-CTG-UFPE 8912. B. Specimen GKS 000082 - Valle del

Cauca, Cali, Colombia.

Overall, DGEO-CTG-UFPE 8912 is fragmented and worn, which renders more
difficult to describe its dental crown structures. In addition, there are no papers describing the

differences of the deciduous premolars structures of Notiomastodon and Cuvieronius, the two
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proboscideans known for South America, and only the calf mandibles are better described by
literature (e.g. Liendo-Lazarte, 1946; Mothé et al., 2016). Both DP2 of Notiomastodon (GKS
000082 and DGEO-CTG-UFPE 8912) are bunodonts and have molariform aspect. However,
the wear pattern of DGEO-CTG-UFPE 8912 is a simple trefoil pattern, a diagnostic feature of
Notiomastodon premolars (Mothé, 2010; Mothe et al., 2017). Thus, considering the dental
crown morphology of the specimen described and the fossil record of Notiomastodon
platensis in Brazil, including previously described immature individuals from Pernambuco
(e.g. Simpson & Paula-Couto, 1957, Rolim, 1974a, b, Cartelle, 1992, Alves, 2007, Silva et al.
2010, Araujo-Junior et al., 2013a, b; Aradjo-Junior et al., 2015; 2017), we identified DGEO-
CTG-UFPE 8912 as Notiomastodon cf. platensis.

In tank deposits from northeast Brazil, there is a predominance of adult specimens of
N. platensis, instead of immature individuals (e.g. Aradjo-Janior et al., 2013a,b, 2015). In this
study, considering the lack of distribution of distinct age groups of N. platensis from the ZPS
biocenosis, the unique record of an immature Notiomastodon cf. platensis represents one the
rare preservation of immature remains of proboscideans in South America (Liendo-Lazarte,
1946; Simpson & Paula Couto, 1957; Mothé, 2010; Mothé et al., 2016). It is difficult to infer
the type of death of individuals preserved in fossiliferous assemblages from tank deposits, as
they are usually affected by temporal mixing (Aradjo-Junior et al.,2013a, 2015, Aradjo-Janior
and Bissaro-Janior, 2017). It is possible to infer that the tooth described here was in use at the
momment of death, since it is in an intermediary wear stage (stage 3 of Simpson and Paula-
Couto, 1957) with roots, which excludes the possibility of natural loss or discard of the

completely worn tooth (in an expected wear stage 4).

This occurrence might indicate that, probably, in other tanks deposits, newborn or
immature N. platensis specimens might have not been preserved due to taphonomic processes

(transport, tank shape, e.g. size of the material, resistance to transport and frequency of
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immature individuals). In tank deposits, specimens with size between 50-100 mm (Araujo-
Junior et al., 2013a; 2015) are common, in contrast to the size of the specimen described here
(<50 mm); in addition, the deciduous teeth have lower resistance compared to other elements
of adult proboscideans (e.g. teeth, vertebra, long bones), more abundant in tanks deposits,
since they have a thinner layer of enamel, smaller cusps and smoother dentine. However, the
record described here increases the discussion of immature individuals and taphonomic bias
in tank deposits of Quaternary of South America, elucidating discussions about the osseous
resistance of the remains found in these accumulations. Even as an isolated finding, the
specimen DGEO-CTG-UFPE 8912 widens the sparse record of newborn and immature
Notiomastodon platensis individuals in South America, and contributes to the understanding

of individual variations in proboscideans.

FINAL REMARKS
We registered here a new occurrence of a DP2 of an immature proboscidean (between
2-3 years old) corresponding to Notiomastodon cf. platensis from a tank of Pernambuco state,
Brazil, Quaternary of South America. This occurrence provides new data for the
understanding the record of immature proboscideans in tank deposits which is related to lower
0sseous resistance. It is a rare occurrence, increasing the number of immature individuals of

N. platensis recorded for assemblages from the Quaternary deposits of South America.
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Figure 1. Location of the Zabelé tank, municipality of Capoeiras, state of Pernambuco,
Brazil.
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Figure 2. The second upper left deciduous premolar (DP2) of Notiomastodon platensis cf.
DGEO-CTG-UFPE 8912. Occlusal (A) and lateral (B) views of the specimen. scale
bar=30mm
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Figure 3. Comparison of the second upper left deciduous premolar (DP2) of Notiomastodon
platensis. A. Specimen DGEO-CTG-UFPE 8912. B. Specimen GKS 000082 - Valle del
Cauca, Cali, Colombia. (Photography of specimen in B provided by Mothé et al., in prep.).
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ABSTRACT — Astragalus and osteoderms of Glyptotheritm Oshorn, 1903 from the Upper Pleistocene of Pernambuco, Northeast
of Brazil. In Brazil. Glyprosrerinm findings cccur mainly in the Northeastern region. In the nertheast, Brazilian Intertropical Region
{BIR), there are records of Givpdotherinm of the Upper Pleistocene, mainly in the State of Pernambuco, This work reports new findings of
Glvpratherivm in a tank deposit from the Upper Pleistocene of Pernambuco, correspending to isolated osteoderms and an astragalus which
approaches in detail to Morth American forms. This record expands both the distribution of Givpdotfieriun to the BIR, and the data regarding
the paleobiogeographic relations among the faunas of megamammals of the North of South America, Central America, and the South of
Morth America during the Late Pleistocene.

Keywaords: Ghptotherimn, taxonomy, Late Pleistocene, tank deposit, Brazil,

RESUMO — Mo Brasil, os achados de Glypretherivm ocorrem, principalmente, na regido Nordeste, Mo Nordeste, Regido Intertropical Brasileira
(RIB}), ba registros de Glyprotierinns do Pleistoceno Superier, principalmente no Estado de Permambuco. Este trabalho reporta novos achados
de Glvprotherinm em um deposito de tangque do Pleistoceno de Pernambuco, comespondendo a osteodermaos isolados ¢ um astrigalo que se
aproxima em detalhe as formas norte-americanas, Essc registro amplia tanto a distribuigiio de Ghyptotheriim para a RIB guanto os dados
referentes is relagdes paleobiogeograficas entre as faunas de megamamiferos do norte da América do Sul, da Aménica Central e do sul da
America do Morte durante o Neopleistoceno.

Palavras-chave: Givplotherin, taxonommia, Pleistoceno Superior, depdsito de tanque, Brasil.

INTRCIDUCAO Um dos casos mais notiveis tem sido a identificagfio

do género norte-americano Glyptotherivm na América do

Os extintos Glyptodontinae sdo um dos grupos de Sul, adicionando um novo elemento ao Grande Intercimbio

mamiferos Xenarthra mais registrados para a América do Sul, Faunistico Americano — GABI. Os registros abrangem, além

com grande diversidade durante o Cenozoico (MeKenna & da Venezuela, parte da regifo Nordeste do Brasil (Zurita er

Bell, 1997; Zurita et af., 2012), O conhecimento da distribuigio al, 2012}, pertencente i Regido Intertropical Brasileira (sensn
paleobiogeogrifica dos Glyptodontinae pleistocénicos na Cartelle, 1999).

América do Sul em especial, tem sido reformulado com base Os materiais atribuidos a Glyprotherivm no nordeste

em revistes recentes (e.g. Carlini ef al., 2008; Oliveira ef al., do Brasil compreendem, até o momento, osteodermos

20010: Zurita ef al., 2012 isolados oriundos de Conceigiio das Creoulas ¢ Fazenda
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Nova, Pernambuco, materiais do esqueleto apendicular e
osteodermos coletados em cavernas calcdrias de Lajedo da
Escada, Rio Grande do Norte (Oliveira er al., 2010; Barbosa
et al., 2014) ¢ ostecodermos isolados de um deposito de tanque
no municipio do Congo, Paraiba (Andrade er /., 2016, 2017).

Os registros de Glyprotheriun no nordeste do Brasil ainda
sdo escassos, quando comparados a outros tdxons coletados
em depésitos de tanques, incluindo Pernambuco (e.g.
Eremotherium laurillardi) (Arajo Junior ef al., 2013). Neste
trabalho, registram-se novos materiais de Glyprotherium
provenientes de um depdsito de tanque do Pleistoceno
Superior do Estado de Pernambuco, e elucidam-se suas
implicagdes palcobiogeograficas.

LOCALIZACAO GEOGRAFICAE
ESTRATIGRAFICA

O material estudado foi coletado no tanque Zabelé
(8°43°15™ S, 36°38°20™ W, altitude 885m), localizado na
microrregido do Vale do Ipojuca, mesorregiao do agreste
pernambucano, Nordeste do Brasil, Partindo-se da capital
Recife, 0 acesso ao tanque pode ser feito através da BR-232
sentido Caruaru e, em seguida, pela PE-193 (Figura 1).

O tanque Zabelé apresenta um formato eliptico com cerca
de 250 cm de profundidade. O material descrito foi encontrado
juntamente com restos esqueletais da megamamiferos
atribuidos a Eremotherium laurillardi, Notiomastodon
platensis, Toxodon platensis, Glyptotherium sp., e Protocyon
roglodites.

Geologicamente, o tanque estd inserido na Provincia
Borborema, constituida pelos litotipos mesoproterozoicos
dos Complexos Cabrobé e Belém do Sao Francisco e pelos
granitoides neoproterozoicos da Suite Intrusiva Leucocritica
Peraluminosa (CPRM, 2005). O embasamento rochoso do
tanque ¢ composto por granitoides neoproterozoicos, idade
de 580 M.a. (Brito Neves ef al., 2000), que intemperizam para
um material argilo-siltico-arenoso (CPRM, 2005).

O preenchimento sedimentar do depésito de tanque
consiste em quatro camadas distintas (da base ao topo):
Camada 1. De 50 cm de espessura constituida por areia
média a grossa com matriz composta de argila, silte ¢
litoclastos (retrabalhada do embasamento). Camada II. De
30 a 40 cm de cascalho com seixos subangulosos de quartzo
que variam de 25 a 40 mm no eixo principal. A matriz ¢
predominantemente de arcia com restos de mamiferos e niio
apresentam orientagdo preferencial. Os sedimentos da porgiio
intermedidria desta Camada 1 foram datados em 41.000
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Figura 1, A, localizagio do tanque Zabel&, Municipio de Cay Estado de Per Brasil, B, detalhe do p hi di do tanque.
Figure L. A, location of Zabelé tank, Municipality of Caj State of Py b Brazil. B, detail of the sedimentary infilling of the tank.
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AP+ 21000 AP (Neopleistoceno), com base no método de
Luminescéncia Opticamente Estimulada (LOE), realizada
pelo Laboratdrio Espectrometria Gama e Luminescéncia,
do Instituto de Geociéncias da Universidade de Sdo Paulo
(USP). Os fosseis ocorrem acima ¢ abaixo dos sedimentos
datados. Camada 111. De 50 em de espessura ligeiramente
bioturbada, constituida por sedimentos arenosos com granulos
¢ seixos subangulares dispersos. Camada IV, De 110 cm
de espessura de sedimentos enlameados rices em contetdo
orginico. Considerando apenas os aspectos texturais da
camada fossilifera, sua origem € relacionada a um sistema
aluvial ou fluvial.

MATERIAL E METODOS

O material estudado é parte da colegdio de macrofosseis do
Laboratdrio de Paleontologia do Departamento de Geologia
(DGE) da Universidade Federal de Pemambuco (UFPE),
em Recife. A abreviatura utilizada para identificar a colegio
cientifica ¢ DGEQ-CTG-UFPE. Os materiais estudados
foram comparados com osteodermos de Ghptotherium sp.
e astragalos de Panochiliug sp. e Hoplophorus enphractus
da Cole¢iio de referéncia do DGEQ-CTG-UFPE € com
figuragdes e descricdes na literatura especifica: Owen (15841),
Winge (1915), Gillette & Ray (1981), Porpine & Berggvist
{2002) e Porpino e af. (2014).

A taxonomia ¢ a nomenclatura usadas seguem Carlind ef
al. (2008), Oliverra e af. (2009, 2010), Zurita ef ol (2012) ¢
Porpino e al. (2010). As estruturas da ormamentagio externa
dos ostendermos consideradas neste trabalho estdo ilustradas
na Figura 2.

Nos osteodermos estudados foram realizadas medigdies em
mm. Para melhor visualizagio da morfologia dos osteodermos,
coma, por exemploe, a ocorréncia de orificios com pequeno
didgmetro (1-1,5mm), foi utilizada a lupa estereoscopica com
as objetivas de 0,5x a 1.5% ¢ aumento de até 2x.

Forame

Sulco principal

Sulco radial

Figura 2, Nomenclaturn vsada para o morfologiz dos osteodermos (em
vista dorsal} em Glypeodherivon sp. Modificado de Oliveira er af, (2000),
Eseala = 2 e,

Figure 2. Nemenclature used for the morphelogy of ostecderms {in darsal
view ] in Gilvptorfievios sp, Maodified from Oliveina er ol (20010). Scale bar
=2 ¢cm,

PALEONTOLOGIA SISTEMATICA

XENARTHRA Cope, 1889
CINGULATA Iliger, 1811
GLYPTODONTIDAE Burmeister, 1879
GLYPTODONTINAE Gray, 1869
(mom, tranisl. Trovessart, 1898)

Clvptotherinm Osborn, 1903
(Figuras 3—6; Tabelas 1-2)

Materiais referidos. Osteodermos isolados da regifio dorsal
{DGEO-CTG-UFPE 7814, 7815, 7816, 7817, 7819) ¢ do anel
caudal (DGEQ-CTG-UFPE 7820); astrdgalo dircito (DGEO-
CTG-UFPE T978).

Descrigiio. Osteodermos: os pertencentes a regiio dorsal
da carapaga apresentam formato hexagonal, superficie
externa uniformemente perfurada, configurando orificios
com didmetro entre 1 e 1,5 mm, resultando em um aspecto
rugoso, Os forames, com didmetro entre 1,5 a 2,5 mm, estdo
situados nas intersecgdes dos sulcos radiais com o principal
ou proximos dessas (DGEO-CTG-UFPE 7814, T815e 7817).
A figura central ¢ plana, variando de circular a subcircular
¢ as figuras periféricas variam de scis a oito, com formato
poligonal e com tamanho similar (guando preservadas). O
espécime DGEQ-CTG-UFPE 7817, regido dorsal da carapaga,
& composto por dois osteodermos fusionados (Figura 34,
Tabela 1). Ji 0 espécime DGEO-CTG-UFPE 7819 preservao
formato hexagonal ¢ a dimensio e morfologia de osteodermos
da regifio dorsal da carapaga, porém, devido ao forte grau de
abrasfio, niio exibe figuras centrais e periféricas na superficie
externa (Figura 3C).

O espécime DGEO-CTG-UFPE 7816 possui a superficie
ventral concava (vista lateral), Em vista ventral, os forames
situados na porgio central estio ausentes, possivelmente
devido ao grau de abrasio (Figuras 4A°, A™). A porgiio central
da superficie externa apresenta auséncia da figura central e
sulcos radiais distintos (Figura 4A). Possui, ainda, menor
espessura ¢ tamanho (Tabela 1), Nas Figuras 447 e 4A™ é
possivel notar, apesar do desgaste, uma figura principal
mais elevada, o que também pode indicar caracteristica de
espéeimes juvenis (Zurita ef af., 2011; Gillette et al., 2015).

O osteodermo da regifo do anel caudal, possivelmente
da porgio mais posterior (DGEOQ-CTG-UFPE 7920} (Figura
4B), é subguadrangular (vista externa) com superficie externa
muite pontuada e rugosa, possuinde uma proeminéncia chnica
moderadamente desenvolvida e maior espessura em relagdo
aos demais osteodermos, Encontra-se fraturado na borda
lateral (vista lateral) (Figura 4B}, Os osteodermos da regido
mais posterior do anel caudal sdo marcadamente conicos
{Figura 4B) (Gillette & Ray, 1981).

Astrigalo: comparativamente, o dstragalo apresenta a
troclea assimélrica, com projegio mais proximal do que
lateral, assim como em Ghprodon {Owen, 1841), mas difere
de Panochithus sp. e Hoplaphorus euphractus onde ela €
fortemente assimétrica, com a crista lateral mais desenvolvida
(Figuras 6A-12), O sulco entre as cristas da trdclea astragalar
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Figura 3. Osteodermos isolados da carapaga de Ghprotherium sp. A, DGEO-
CTG-UFPE 7817, vista extemna; A”, vista lateral. B. DGEO-CTG-UFPE 7814,
vista externa: B, vista lateral. C, DGEO-CTG-UFPE 7819, vista externa;
€, vista lateral. D, DGEO-CTG-UFPE 7815, vista externa. Escala = 5 em.
Figure 3. Isolated osteoderms of carapace of Glyprotherium sp. A. DGEO-
CTG-UFPE 7817, external view; A", lateral view. B, DGEO-CTG-UFPE
7814, external view: B, lateral view. C. DGEO-CTG-UFPE 7819, external
view: €7, lateral view. D, DGEO-CTG-UFPE 7815, external view. Scale
bar =5 cm.

¢ mais raso e estreito, assim como em Glyprodon, sendo
menos marcado e desenvolvido do que em Panochihus sp. e
H. euphractus (Figuras 6A-D).

Tabela 1. Medidas (mm) de osteodermos de Glygrotheriam sp. da Colegio
DGEO-CTG-UFPE provenientes do tanque Zabelé, Municipio de Capoeiras,
Permambuco, Brasil. Abreviaghes: *, espécime fraturado, medidas
comprometidas; 1, largura; 2, comprimento p
4, comprimento da figura central; §, largura da figura central,

Table 1. M (mm) of ms of Glyprotherium sp. of the
DGEO-CTG-UFPE Collection from Zabelé tank, Capociras Municipality,
Pernambuco, Brazil. Abbreviations: *, fractured specimen, estimated

ior; 3, esp

4.

1, width: 2, posterior length; 3, thickness: 4, length of
central figure; 5, width of central figure.
Glyptotherium sp. Medidas
Espécimes 1 2 3 4 s
DGEO-CTG-UFPE 7814 44 44,5 18 8 19,5
DGEO-CTG-UFPE 7815* 29 40 16 - -
DGEO-CTG-UFPE 7816 30 40 16 - -
DGEO-CTG-UFPE 7817+% 42 73 23 15 255
DGEO-CTG-UFPE 7819 42 40 20 - -
DGEO-CTG-UFPE 7820 46 53 33 - -

Tabela 2. Medidas {mm) dos astragalos de Glypiotherivm sp., Panochthus
sp. ¢ Hoplophorus enplivactus, provenientes da Colegio DGEO-CTG-UFPE.
Abreviagdes: 1, compnmento miximo; 2, altura maxima: 3. comprimento
da faceta sustentacular: 4, altura da faceta sustentacular; 5. comprimento da
faceta ectal; 6, altura da faceta ectal.

Table 2. Measurements (mm) of the astragalus of Glyprotheriim sp.,
Panochthus sp., and Hoplophorus explractus, from DGEO-CTG-UFPE
Collection, Abbreviations: 1, maximum lenght: 2, maximum height; 3,
Tength of the sustentacular facet; 4, height of the sustentacular facet; 5, length
of the ectal facet; 6, height of the ectal facet.

Medidas
1 2 3 4 5 6

E:

P

Panochithus sp.
(DGEO-CTG-UFPE 6513)
. euphractus
(DGEO-CTG-UFPE 6512)
Glyvprotherivm sp.
(DGEO-CTG-UFPE 7978)

111 84 27 43 42 49

58,5 202 325 34 412

72 34 40 34 39

As facetas articulares para o calcanco diferem. A
faceta ectal em DGEO-CTG-UFPE 7978 ¢ mais alongada
proximodistalmente, subretangular, com contorno
arredondado, sendo que em Panochthus sp. ¢ Hoplophorus
cuphiractus ¢ marcadamente triangular (Figuras 6E-H). Ja
a laceta sustentacular ¢ concava ¢ irregular, com formato
clipsoide, mais semelhante a Glyptodon ¢ diferindo de
Panochthus sp. ¢ I, euphractus, que apresentam uma faceta
plana, elipsoide, porém elevada (Figuras 6E-H). O sulcus
tali ¢ menos profundo ¢ mais estreito em DGEO-CTG-UFPE
7978 do que em Panochthus sp. ¢ [l euphractus (Figuras
6E-H). A tuberosidade navicular ocorre proximalmente junto
A borda dorsal da faceta navicular, tendo o formato cilindrico
semelhante & Glyptotherium texanunm (Figuras 5 ¢ 6).
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Figura 4. Ostcodermos isolados da carapaca de Ghptotheriun sp. A. DGEO-CTG-UFPE 7816, regiio dorsal {vista externa): A’, vista anterior: A, vista
lateral. B. DGEO-CTG-UFPE 7820, anel caudal (vista lateral); B, vista extema. Escala = 5 cm.

Figure 4, [solated osteoderms of carapace of Ghptotherivm sp. A. DGEO-CTG-UFPE 7816, dorsal region (external view): A% anterior view: A", lateral
view. B. DGEO-CTG-UFPE 7820, caudal ring {Jateral view): B, external view. Scale bar = $ cm.

Figura 5. Astragalo dircito de Glyprotherim sp. DGEO-CTG-UFPE 7978, proveniente do tanque Zabelé, Municipio de Capociras, Pernambuco, Brasil. A.
vista dorsal; B, vista plantar; C. vista distal: D, vista cranial. Abreviagdes: Ft, faceta troclear: St, sudcus raliz Fe. faceta ectal; Fs. fuceta sustentacular: Fa.
faceta para o navicular: Tn, tuberosidade para o navicular. Escala = 7 em.

Figure 5. Right astragalus of Glyprotheriion sp. DGEO-CTG-UFPE 7978 from Zabelé tank, Capoeiras Municipality, Pemambuco, Brazil. A, dorsal view:
B, plantar view; C. distal view: D, cranial view, Abbreviations: Ft, troclear facet: St, swlens fali; Fe, ectal facet; Fs, sustentacular facet: Fn, facet for the
navicular; T, tuberosity for the navicular, Scale bar = 7 em.
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Figura 6. Comparagio dos astragalos. fHoplophorus euphractus (esq.) (DGEO-CTG-UFPE 6512), localidade Lagoa do Tangue, Pemambuco, Brasil (A, vista
proximal; E, vista plantar). Panochishis sp. (¢sq.) (DGEO-CTG-UFPE 6513), localidade Lagoa do Tanque, Pemambuco, Brasil (B. vista proximal; F, vista
plantar). Glyprotheritm sp. (DGEO-CTG-UFPE 7978), tanque Zabelg, Pernambuco, Brasil (C, vista proximal; G, vista plantar). Glvprotherium texanwn (dir.)
(AM 95737), localidade “Tusker local fauna™, Graham County, Anizona {modificado de Gillette & Ray, 1981) (D. vista proximal; H, vista plantar). Abreviagbes:
Ft, faceta troclear; St, swlens talic Fe, faceta cctal: Fs. faceta sustentacular; Fn, faceta para o navicular; Tn, tuberosidade para o navicular. Escala =7 em.

Figure 6, Comparison of astragalus. Hoplophorus euphractus (lel) (DGEO-CTG-UFPE 6512). Lagoa do Tangue locality, Pemambuco, Brazil (A. proximal
view: E, plantar view). Panochithis sp. (left) (DGEO-CTG-UFPE 65123), Lagoa do Tangue locality, Pernambuco, Brazil (B. proximal view: F. plantar view).
Glyprotherium sp. (DGEO-CTG-UFPE 7978), Zabel¢ tank, Pernambuco, Brazil (C. proximal view; G, plantar view). Ghyprotherinn texanum (right) (AM
95737, “Tusker local fauna™ locality, Graham County, Arizona {modified from Gillette & Ray. 1981) (D, proximal view: I, plantar view). Abbreviations:

Ft. troclear facet; St solcus tali; Fe. ectal facet; Fs, sustentacular facet: Fa, facet for the navicular; Ta, tuberosity for the navicular. Scale bar = 7 em.

DISCUSSAO

Os osteodermos estudados pertencem a Glvprotherium sp.
por apresentar a combinagio de caracteristicas propostas por
Oliveira et al, (2009, 2010): figura central plana, de maior
didmetro, superficie externa muito perfurada, aparéncia
rugosa, sulcos radiais e principais mais rasos e um nimero
de oito ou nove figuras periféricas. Trata-se de um padrio de
ormamentagdo tido como primitivo (Carlini et a/., 2008). Os
caracteres morfoldgicos aqui discutidos diferem de Ghyprodon,
pois neste género os osteodermos possuem superficie externa
mais lisa, sulco principal e sulcos radiais mais profundos e
um nimero menor de figuras periféricas (Ameghino, 1889;
Castellanos, 1953; Soibelzon et al., 2006; Oliveira et al.,
2009, 2010). A morfologia dos osteodermos aqui descrita
¢ semelhante aquela encontrada em outras regides da RIB
(e.g. Lajedo da Escada, Rio Grande do Norte, Oliveira er al.,
2010) e da regido de Lagoa Santa, Minas Gerais, atribuidos
a Glyptotherinwm sp. (Oliveira er al., 2009; 2010).

O astragalo ¢ atribuido a Glyprotherium sp. por possuir
as caracteristicas descritas por Gillete & Ray (1981) como,
por exemplo, as facetas articulares pequenas, sendo a faceta
sustentacular concava, irregular e com forma elipsoide e a
faceta ectal com formato subretangular, DGEO-CTG-UFPE
7978 apresenta morfologia semelhante a de Glyptodontinae,
em especial a G. rexanum (Gillete & Ray, 1981), com pequenas
diferengas como, por exemplo, a faceta sustentacular, que ¢
mais desenvolvida na espécie norte-americana, Entretanto,
essas diferengas também podem ter sido acentuadas pelo grau
de abrasiio do espécime aqui referido. Como aqui se trata de
um Unico espécime, inferéncias morfolégicas comparativas
tornam-se limitadas.

Em relagdo aos Hoplophorinae, hi diferengas significativas
principalmente no que diz respeito as facetas ectais
(triangulares) ¢ sustentacular (mais elevada) e ao swlcus
tali (mais profundo) nesses individuos do que em DGEO-
CTG-UFPE 7978. Os espécimes diferem também, em
relagio as dimensdes, pois quando comparado ao espécime
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DGEO-CTG-UFPE 7978, Parochilms sp. apresenta malores
dimensdes enquanto que o Hoplaphorus eupliractns possul
menores dimensdes.

Além disso, a distribuigio paleobiogeogrifica corrobora a
atribuicio a Ghyptotherium, J que esses individuos ocorrem
na regido Nordeste do Brasil (Carlini er af., 2008; Zurita et
al., 2012), diferentemente de Glyplodon que ¢ encontrado na
regido sul do Brasil (e.g. Oliveira ef al., 2010).

As ocorréncias de Glyprotferinm no Pleistoceno Superior
da América do Sul (41.000 + 2,100 AP, LOE-camada
fossilifera), representam o resultado de eventos de migragdes
massivas da América do Norte ou vice-versa durante o Ultimo
Maximo Glacial (UMG) ou um pouco antes desse evento,
por meio de possiveis corredores biogeogrificos em dreas de
planicies, ja que o nivel do mar estava abaixo do atual (Carlini
ei al., 2008; Woodburme, 20107,

Esse e outros achados de Glygtotherinn na RIB mostram
relagdes paleobiogeogrificas mais complexas entre as faunas
de mamiferos do norte da América do Sul, da América Central
¢ do sul da América do Norte durante o Neopleistoceno. Além
disso, ¢ possivel inferir condigBes climdticas e ecologicas
similares para essas regides (Scillato-Yané er al., 2003; Carlini
et afl, 2008),

CONCLUSAO

Os osteodermos e o astrigalo coletados no tanque Zabelé
em Capoeiras, Pernambuco, pertencem a Glyplotherium sp.
Os osteodermos apresentam a combinagdo de caracteres tida
para o género. Ji o astragalo é morfologicamente distinto de
Hoplopherinae, assemelhando-se a Glyptedontinae, exibindo
caracteres potencialmente derivados presentes em espéeies de
Glyptotherinm norte-americanas, como as facetas articulares
pequenas e curvadas, sendo a faceta ectal chncava, irregular
e com forma elipsoide e a faceta sustentacular com formato
subretangular.

Os novos achados de Ghprotherium para Pernambuco
aliados aos dados geocronoldgicos (41,000 AP+ 2,100 AP)
corroboram o intervalo temporal dos tanques da RIB e suas
relagies paleoblogeogrificas no Neopleistoceno entre os
mamiferos da RIB ¢ da América do Sul, da América Central
e do Sul da América do Norte,
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Revealing new bone diseases in the Quaternary megaherbivore ground

sloth Eremotherium laurillardi (Mammalia, Xenarthra)

We performed a macroscopic and radiological inspection in a set of bones belonging to
the mammal fossil assemblage of Zabelé Paleontological Site (Late Pleistocene-
Northgrippian), northeastern Brazil. The radiological analyzes were carried out using
conventional X-ray and X-ray microtomography (LCT) equipment. This study revealed
four different types of diseases (calcium pyrophosphate deposition disease — CPPD,
infection, trauma and tendon avulsion) restricted to the giant ground sloth E. laurillardi
(4.7% of MNI) and in an indeterminate mammal species. There are two hypotheses to
explain this restriction to E. laurillardi: taphonomic/paleoecological bias or more
sensibility to diseases than other species.

Keywords: Bone diseases; Megafauna; Eremotherium laurillardi; Quaternary; South

America

Introduction

The record of bone diseases in organisms of the past — science named paleopathology (Ruffer
1914) — and its precise comprehension has become an interesting tool in solving
paleobiological (Bishop et al. 2015), taphonomic (Lyman 2010; Aradjo-Janior et al. 2013a),
taxonomic (Cartelle et al. 2009) and evolutionary (Ferigolo 1999; Bishop et al. 2015) issues.

However, most of the diseases known worldwide are relatively limited to Northern
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Hemisphere fossil organisms (Hanna 2002; Farke et al. 2009; Lee et al. 2012; Petit and
Khalloufi 2012; Peterson and Vittore 2012; Foth et al. 2015; Dumbrava et al. 2016; Lyras et
al. 2016).

In the South American fossil record, diagnosis of bone diseases has increased in the
last years and a large focus has been given to Quaternary proboscideans (Barbosa et al. 2013,
2017a) and xenarthrans (Cabral and Henriques 2007; Aradjo-Junior et al. 2013a, b; Barbosa et
al. 2014; Barbosa and Luna 2014; Barbosa et al. 2017b, c, d), two of the most abundant and
well-known taxa found in the South American Quaternary fossil assemblages. Herein, we
present a new set of bone lesions from a Late Pleistocene mammal fauna of Brazil, providing
new clues for understanding paleobiological aspects of the Quaternary megafauna of South

America and unveiling evolutionary trends of extant diseases in vertebrates.

Material and methods

The material studied herein consists of 305 bones recovered from Zabelé Paleontological Site
(ZPS; UTM: 24L 0759782 E, 9035190 S), in Capoeiras municipality, Pernambuco State,
northeastern Brazil (Figure 1) and is housed at the paleontological collection of Departamento
de Geologia of the Universidade Federal de Pernambuco (UFPE), Recife city, Brazil. The
ZPS is a tank deposit, that is, the sedimentary infilling of a natural depression (natural tank)
developed on basement rocks outcrops (more details in Aradjo-Janior et al. 2013b). All the
fossil remains were recovered from the most basal layer in the ZPS, whose sediments from
both base and top portions were dated at 41. 2 £ 2.1 ky BP and 40.3 £+ 8.6 ky BP (i.e. Late

Pleistocene), through the Optically Stimulated Luminescence (OSL) method.

[Figure 1 --- near here ---]
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Taxonomically, ZPS includes the following mammalian taxa: Eremotherium
laurillardi (Folivora, Megatheriidae; 107 specimens); Ocnotherium giganteum (Folivora,
Mylodontidae; one specimen); Notiomastodon platensis (Proboscidea, Gomphotheriidae; 15
specimens); Toxodon platensis (Notoungulata, Toxodontidae; 21 specimens); Pyauitherium
capivarae (Notoungulata, Toxodontidae, one specimen); Glyptotherium sp. (Cingulata,
Glyptodontidae; one specimen), Cerdocyon thous (Carnivora; Canidae; one specimen);
Glyptodontidae indeterminate (one specimen) and Pilosa indeterminate (one specimen). Other
160 bones have not taxonomic assignment due to their high degree of fragmentation.

The specimen DGEO-CTG-UFPE 7823 was submitted to a conventional X-ray
analysis at a private X-ray imaging system in Recife city, Pernambuco state, Brazil. The
specimen was scanned on Carestream CR vita-Tecno-Desing TD 200 S digital X-ray
apparatus (specifications: 120 mA and 75-80 kV) and images were analyzed using the
software Carestream Health Image Suite® (version 2.0). In addition, the specimen DGEO-
CTG-UFPE 7825 was submitted to an X-ray microtomography (LCT) analysis. The scanning
of the specimen was carried out at Laboratorio de Instrumentacdo Nuclear (LIN), in
Universidade Federal do Rio de Janeiro (UFRJ), at Rio de Janeiro city, Brazil. Scans were
made using high-energy microtomography system Bruker SkyScan 1173 X-Ray pCT,
equipped with a Hamamatsu 130/300 tungsten X-ray source, powered by a current of 130kV
at an intensity of 61puA. A flat panel detector was used (2240 x 2240) to register the cone X-
ray beam transmission. The projection images were taken over 360° at each step of 0.5°
rotation. The uCT images and reconstruction are performed with NRecon® software, version
1.6.9.4, to create cross-sectional slices of the specimen using an algorithm based on filtered
back-projection (Feldkamp et al. 1984). All reconstructed slices were saved as bitmap files,

and the resulting dataset had 16.6GB in size. The dataset was imported into CTVox version
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3.2.0 (Bruker CT®) in 64-bit Windows 10 for viewing and analysis of the material. Both
specimens were radiologically exanimated because the macroscopic evaluation did not
provide an accurate diagnosis enough.
The area of some lesions described below was measured using the open-source

software Fiji (Schindelin et al. 2012).

Results
Only six isolated bones assigned to Eremotherium laurillardi and one taxonomically-
indeterminate bone fragment present pathological alterations (2.29% of the total sample). The
lesions occur on two right astragali (DGEO-CTG-UFPE 7802 and DGEO-CTG-UFPE 7806),
a complete (DGEO-CTG-UFPE 7822) and two fragmented (DGEO-CTG-UFPE 7823 and
DGEO-CTG-UFPE 7824) caudal vertebrae and a proximal fragment of a left femur (DGEO-
CTG-UFPE 7828). The non-taxonomically assigned bone is a fragment of rib (DGEO-CTG-
UFPE 7825).

Both right astragali (DGEO-CTG-UFPE 7802 and DGEO-CTG-UFPE 7806) have
calcific sheets on the edges of the discoid facet (Figure 2). Furthermore, DGEO-CTG-UFPE-
7806 has also calcific sheets on the ectal and navicular facets. These lesions are rounded or

elongated, with plate-like appearance and measuring between 6 mm and 21 mm width.

[Figure 2 --- near here ---]

The caudal vertebra (DGEO-CTG-UFPE 7822) has a large bone overgrowth on
ventral border of the posterior vertebral endplate with irregular surface and several cavities,

that correspond to draining sinuses (Figure 3A). This new bone formation growths parallel to
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the vertebral endplate and extends caudally along the ventral surface (Figure 3B), i.e., a

syndesmophyte-like growth.

[Figure 3 --- here ---]

The caudal vertebra (DGEO-CTG-UFPE 7823) has a rounded compressive
deformation on the anterior vertebral endplate, restrict to the region correspondent to the
nucleus pulposus (Figure 4A). This lesion affects circa 6.2 cm? of the vertebral joint surface
(~ 6.4 %). In X-ray images, there is no sign of sclerotic repair zone (Figure 2 B, C). The
caudal vertebra (DGEO-CTG-UFPE 7824) has a fracture on the anterior vertebral endplate

associated with tenuous compression (Figure 5).

[Figure 4 --- near here ---]

[Figure 5 --- near here ---]

In cranial view, the proximal fragment of femur (DGEO-CTG-UFPE 7828) has a
cortical disruption near the greater trochanter (Figure 6). Finally, the rib fragment (DGEO-
CTG-UFPE 7825) has a bone callus, with a slight evident fracture line (Figure 7). In uCT, it
is possible to observe increased density in the region corresponding to the bone callus (Figure

7B, C).

[Figure 6--- here ---]

[Figure 7 --- here ---]
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Discussion
Based on the aforementioned descriptions, we diagnosed four different types of diseases,
including: calcium pyrophosphate deposition disease (CPPD); infection process, trauma and

tendon avulsion. Each disease is individually discussed below.

(a) Calcium Pyrophosphate Deposition Disease (CPPD)

The calcified concretions deposited on joint surfaces of the right astragali of Eremotherium
laurillardi (DGEO-CTG-UFPE 7802 and DGEO-CTG-UFPE 7806) are characteristic of
CPPD, a type of crystalline (Rothschild 1982; Rothschild et al. 1992; Resnick and Kransdorf
2005) and inflammatory arthritis (Arye and Doherty 1989). These crystalline deposits seem to
have occurred associated with hyaline cartilage and site of insertion of the articular capsule of
the navicular-astragalus joint and posteriorly preserved on the articular surface. In humans,
CPPD is usually asymptomatic and is often found in middle-aged and elderly individuals, but
symptomatic cases with severe pain can also be diagnosed (Resnick and Kransdorf 2005;
Steinbach and Resnick 2000). Unfortunately, we cannot to assess if the presented cases are
asymptomatic or not. The specimens analyzed are assigned to an adult individual, which is
congruent with the ontogenetic pattern expected for CPPD occurrence.

Some concretions on the joint margin can be mistakenly interpreted as osteophytes
(Figure 2), a diagnostic feature of osteoarthritis (Resnick 2002; Rothschild and Martin 2006).
However, these concretions are projecting onto joint surface (characteristic of CPPD), rather
than parallel to that joint surface (characteristic of osteophytes), which ruled out osteoarthritis
as a possible diagnosis. Other diseases must be considered in the differential diagnosis of
CPPD, such as spondyloarthropathy, gout, rheumatoid arthritis, neuropathic arthropathy

(Charcot joint), osteochondritis dissecans and septic arthritis (Rothschild 2016). However, all
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these diseases can simulate the erosive component of CPPD and the cases here presented do
not have associated erosions.

Up to now, CPPD has been considered uncommon in the fossil record. Nevertheless, it
has been described in Pleistocene South America xenarthrans, especially glyptodonts
(Barbosa and Luna 2014; Barbosa et al. 2014, 2017a) and ground sloths (Barbosa et al.
2017Db). Intriguingly, CPPD has not been observed in other South American extinct
mammalian groups so far. Therefore, this new case of CPPD in Eremotherium laurillardi
associated with the previously documented cases (Barbosa and Luna 2014; Barbosa et al.
2014, 2017a, 2017b) reinforces the hypothesis that CPPD was a common disease in

Xenarthra, at least during the Late Pleistocene.

(b) Infectious lesion

The syndesmophyte-like growth with draining sinuses on the caudal vertebra (DGEO-CTG-
UFPE 7822) is a feature characteristic of osteomyelitis (Aufderheide and Rodriguez-Martin
1998; Ortner 2003; Rothschild and Martin 2006). This term is used to identify any infectious
process of bone and marrow, being classified as pyogenic (generated by pus-generating
bacteria) and non-pyogenic forms (other mycobacteria and fungal disorders, Resnick and
Kransdorf 2005; Rothschild and Martin 2006).

The new bone formation represents a response to infection-induced inflammation in
the cortex likely to stabilize the vertebral alignment (Rothschild and Martin 2006). The
draining sinuses, in turn, are channels through which abscess can be drain out of the bone
(Aufderheide and Rodriguez-Martin 1998; Ortner 2003). This general framework likely
represents an advanced stage of infection, where the reparative process is in progress.

The syndesmophyte-like growth on the caudal vertebra (DGEO-CTG-UFPE 7822)

could be confused with spondyloarthropathy, DISH or spondylosis deformans because these
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conditions can generate ossification in the ventral region of the vertebrae. However, these
diseases do not form draining sinuses. Unfortunately, the definitive diagnosis of causal agent
of infection — if pyogenic or non-pyogenic — always depend of the microbiological
identification of the pathogen (see Rothschild et al. 2001; Lee et al. 2012), which is not
possible based on our material.

Occurrences of infection in the South American Pleistocene mammals are relatively
rare, with cases restricted to Notiomastodon platensis (Barbosa et al. 2013, 2017a) and
Nothrotherium maquinense (Barbosa et al. 2017b). Therefore, this new case of infection in
Eremotherium laurillardi increases its distribution among Quaternary mammal species.
Nevertheless, the prevalence of infections among the extinct megamammals still is unknown.

Thus, new case reports are crucial to elucidate how these animals were affected by infections.

(c) Trauma

The compressive deformation on the caudal vertebra (DGEO-CTG-UFPE 7823) was due to
compression of the cancellous bone without fragmentation (an endplate impaction, type Al.1
in the classification of Margerl et al. 1994). In turn, the compressive fracture on the caudal
vertebra (DGEO-CTG-UFPE 7824) was caused by axial compression in the coronal plane (a
coronal split fracture type A2.2 in the classification of Margerl et al. 1994). Both types of
fracture are stable injury, i.e., it causes only moderate pain, so the injured individual is still
able to walk and neurological defect was very rare (Margerl et al. 1994). In humans, this type
of fracture usually heals independently of the treatment (Boeck and Opdecam 1999).

The absence of sclerotic repair zone surrounding the depressed joint fracture in the
caudal vertebra (DGEO-CTG-UFPE 7824) allows us discard osteonecrosis as a possible

diagnosis (Rothschild and Martin 2006).
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The callus formation on the fragment of rib (DGEO-CTG-UFPE 7825) associated
with the increased density (sclerosis) observed in uCT analysis suggests a traumatic event.
Moreover, the perpendicular fracture line indicates a transverse trauma caused by direct
trauma injury (Miller and Miller 1979; Lovell 1997). This type of fracture results from a force
applied perpendicularly to the longitudinal axis of the bone (Lovell 1997).

Although rib fractures can be serious enough to cause the death of individuals when
there are soft tissues damaged (Lovell 1997), the presence of a completely consolidate
fracture become this possibility unlikely.

Traumatic lesions have been rarely described in the South American Quaternary
fauna. Only two cases are known: (i) in lumbar vertebrae of E. laurillardi (Barbosa et al.
2013); and (ii) in thoracic vertebrae of Nothrotherium maquinense (Barbosa et al. 2017a).
Thus, these new cases are important to enlarge the number of traumatic lesions known for E.
laurillardi. Unfortunately, it is impossible to assign precisely the fragmented rib (DGEO-

CTG-UFPE 7825) to a taxon, hampering more profound paleobiological discussions.

(d) Tendon avulsion

The cortical disruption on the proximal fragment of femur (DGEO-CTG-UFPE 7828) is
diagnosed as tendon avulsion, an unusual type of lesion. Such lesion is generated when a
tendon is strained and pulls away from its attachment to the bone, tearing a piece of bone with
it. It may heal without uniting (Lovell 1997), which is indicative of aggressive behavior

(Donnelly et al. 1999).

General considerations
Among the nine known taxa recovered from ZPS (E. laurillardi, O. giganteum, N. platensis,

T. platensis, P. capivarae, Glyptotherium sp., Cerdocyon thous, Glyptodontidae and Pilosa
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indet.), just the giant ground sloth E. laurillardi has preserved some type of bone lesion. The
apparent exclusivity of diseases to E. laurillardi may be due to both greater bone resistance
and populational abundance in the biocoenoses during the Late Pleistocene-Northgrippian
(Aradgjo-Junior et al. 2013b) — which would result in a higher probability of pathological
skeletal remains are preserved, i.e., a taphonomic and paleoecological bias. Nevertheless, an
alternative explanation may be that E. laurillardi could be more sensitive to some injuries
than other contemporaneous species. Barbosa et al. (2017¢) showed that E. laurillardi was
one of the Brazilian Quaternary sloths with larger variety of joint and vertebral abnormalities.
Unfortunately, the available sample recovered from the ZPS cannot be used to test these

hypotheses, but it certainly will be important to future investigations.
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Figure 1. Location map of Zabelé Paleontological Site (ZPS; UTM: 24L 0759782 E, 9035190
S), in Capoeiras municipality, Pernambuco State, Brazil.

Figure 2. Right astragali of Eremotherium laurillardi (DGEO-CTG-UFPE 7802 and DGEO-
CTG-UFPE 7806). (A) DGEO-CTG-UFPE 7802 in tibial view and detail of the lesion; (B)
DGEO-CTG-UFPE 7806 in lateral view and detail of the lesion; (C) DGEO-CTG-7806 in
tibial view and detail of the lesion. CS = calcific sheets. Scale bars=5 cm.
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Figure 3. Caudal vertebra of Eremotherium laurillardi (DGEO-CTG-UFPE 7822). (A)
anterior view; (B) ventral view. Dashed line indicates the boundary between normal bone and
new bone formation. Green mark in B indicates bone overgrowth. Scale bar=5 cm.

5cm

Figure 4. Caudal vertebra of Eremotherium laurillardi (DGEO-CTG-UFPE 7823) and
radiographic images. (A) caudal view of the vertebra; (B) X-ray images in the craniocaudal
view; and (C) X-ray image in the dorsoventral view.



79

Figure 5. Caudal vertebra of Eremotherium laurillardi (DGEO-CTG-UFPE 7824). (A) cranial
view; (B) lateral view. Arrows indicate the fracture line.

Figure 6. Proximal fragment of femur of Eremotherium laurillardi (DGEO-CTG-UFPE 7828)
in a cranial view and close-up of the cortical disruption.
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Figure 7. Rib fragment of an indeterminate species (DGEO-CTG-UFPE 7825) and micro-
computed tomography (LCT). (A) bone fragment evidencing the bone callus; (B), uCT
highlighting the increased bone density; (C) cross section of the uCT in the normal bone; (D)
cross section of the uCT in the injured area.
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ABSTRACT

This work presents a taphonomic analysis integrated to the geochemistry and geochronology
of a tank deposit (Zabelé, Pernambuco, Northeast of Brazil). The analyses aimed at
elucidating processes that influenced the deposition and preservation of bone remains in tanks
and shed light on paleoecological, paleoenvironmental and geochronological aspects related
to the mammal fauna of the Quaternary of South America. Comparisons were made with
other deposits of Pleistocene tanks using multivariate statistical analyses. The study revealed
the occurrence of common taxa in these deposits, with the predominance of Eremotherium
laurillardi and a small number of small mammals (Cerdocyon thous). Temporal mixing was
evidenced through the co- occurrence of distinct degrees of fragmentation, weathering and
fossildiagenesis, reflecting on the ontogenetic profile expected for the fossiliferous
accumulation. Insect, tooth and trampling marks were generated in a shorter period of
subaerial exposure under drought conditions. Patterns of abrasion, breaks, and
fossildiagenesis showed the reworking of the assemblage. The processes of fossilization were
permineralization and impregnation of Fe?*, Fe** and Mn, with preservation of the original
bone hydroxyapatite, without substitution. The texture, sedimentary structures and tabular
architecture suggest a debris flow origin to fossil layer. The comparison with other tank
deposits revealed several common signatures among them (disarticulated, fragmented and
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moderate abrasion specimens) and indications of reworking. Taphonomic similarities suggest
fairly homogeneous environmental conditions in northeastern Brazil during the late
Pleistocene. The mixed accumulation of the Zabelé was generated by the transport of
specimens accumulated around the tank and dragged into it and also with bones in situ.

Keywords: Quaternary. Tank deposit. Taphonomy. Mammals.

1. Introduction

The fossiliferous content of the tank deposits of the Brazilian Intertropical Region
(BIR, sensu Cartelle, 1999) has been systematically studied in the last three decades. In these
peculiar deposits there are remains of bones and teeth of Quaternary vertebrates, mainly
megamammals (mammals >1000 kg, Cione et al., 2009; Araujo-Junior e Porpino, 2011) (e.g.
Branner, 1902; Vidal, 1946; Moreira et al., 1971; Paula Couto, 1980; Oliveira e Damasceno,
1987; Mabesoone et al., 1990). Since the last decade there has also been a significant increase
in the amount of taphonomic studies of the quaternary megafauna preserved in this type of
deposit (e.g. Santos et al., 2002; Alves et al., 2007; Ximenes, 2009; Araudjo-Junior e Porpino,
2011; Faria et al., 2013; Aradjo-Junior et al., 2013a, 2013b, 2015, 2017a, 2017b; Scherer et
al., 2017).

The understanding of the historical succession of the taphonomic events of the
fossiliferous accumulations allows the revelation of patterns and processes of fossilization and
the recognition of the environments in which the remains were deposited and preserved
(Fernandez-Jalvo et al., 2002), as well as helps in the refinement of paleoenvironmental
scenarios (eg Aradjo-Janior et al., 2017a). Although a considerable amount of work on the
taphonomy of vertebrates involving the tank deposits has been published (e.g. Dantas e Tasso,
2007; Alves et al., 2007; Araujo-Junior e Porpino, 2011; Faria et al., 2013; Aradjo-Junior et
al., 2013a, 2013b, 2015, 2017a,2017b; Scherer et al., 2017), studies resulting from controlled
excavations that integrate taphonomic, sedimentary and geochemical data in the
understanding of taphonomic and paleoenvironmental scenarios are still scarce.

This work presents the integrated study of taphonomic, sedimentological and
geochemical data obtained from a controlled excavation of a tank deposit in the Brazilian
Northeast. Therefore, the objective of this work is to interpret the following aspects: 1) the

local depositional context of the tank deposit; 2) the taphonomic history of accumulation; 3)
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geochemical context of deposition and preservation of fossiliferous accumulation; and 4) the

geochronological positioning of the analyzed fauna.

2. Study area: location and geology

The Zabelé Palaeontological Site (ZPS) (8°43°15” S, 36°38°20” W, 963m heigh) is
located 2.5 km from the city of Capoeiras, state of Pernambuco, northeastern region of Brazil
(Figure 1).

The sedimentary fill of the deposit is 120 cm thick, and consists of four distinct layers
(bottom to top): layer I - (50-60 cm) Layer I. (Facies Gm) (50-60 cm thick) consists of facies
of massive monomitic conglomerate with silica-sandy matrix and framework composed of
thick granite pebbles, with no evidence of imbrication. The mammalian remains were
recovered from the base of this layer, with preferential orientation of the larger axes of long
bone elements with NE-SW direction. Sediment samples collected from the base and top
portions of this layer were dated at 41,200 + 2,100 years AP and 40,300 + 8,600 years AP
(Upper Pleistocene), respectively, based on the Optically Stimulated Luminescence (LOE)
method. The top of layer | has a discontinuity laterally due to possible erosive truncation of
layer I1.

Layer Il. facies Gm. (20 cm thick) is formed by monomitic thick conglomerate, whose
framework is composed of medium to thick pebbles (ranging from 25 to 40 mm) of
subangular quartz. The upper portion of layer Il consists of paraconglomerate facies, with a
thick sandy matrix with the presence of scattered coarse pebbles.

Layer Il1. facies Sp. (~ 20cm thick) is composed of conglomerate sandstone with remnants of
organic matter having flat-parallel stratification at the top. The boundaries between layer 111
and IV are erosive.

Layer IV. St facies (~ 20cm thick) are formed by monomitic conglomeratic sandstone facies
with subangular pebbles, organic matter remains and probable bioturbation on the top. Rock
samples collected at the base and top of layer IV were dated by LOE at 35,300 + 1,200 years
AP and 30,900 * 1,200 years AP (Upper Pleistocene).

Layer V. (varies 30 and 70 cm in thickness) is the top of the section. It consists of the horizon
C of the soil — saprolite (Table 1, Figure 3).

[Figure 1 --- here---]
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[Figure 2 --- here ---]
[Figure 3 --- here ---]

[Table 1 — here ---]

3. Materials and methods

The material studied here was collected from an excavated trench (8 mx 1 m) in the
tank and can be found deposited in the collection of Vertebrate Paleontology of the
Department of Geology of the Federal University of Pernambuco (DGEO-CTG-UFPE),
Recife, State of Pernambuco, Brazil. In the

excavated, site a stratigraphic profile of the most representative sedimentary column of
the deposit has been produced (Figure 3).

The materials recovered from the excavation comprise 342 skeletal elements,
corresponding to isolated teeth, osteoderms, cranial and postcranial bones. As with Aradjo-
Junior et al., (2013) teeth and osteoderms were excluded from the analysis, since they could
introduce an analytical bias to the sampling. Therefore, only 305 elements were in fact used in
the analysis. All specimens (sensu Lyman, 1994), - taxonomically identified or not - were
included in the data set of this work.

The anatomical and taxonomic identification was made by comparisons with the
materials of the paleomastozoology and mastozoology collection of the Federal University of
Pernambuco (UFPE) and the Paleontology collection of the Natural Sciences Museum of the
Pontifical Catholic University of Minas Gerais (PUC-MG) in Belo Horizonte, in addition to
the specific literature (e.g. Roth, 1898; Simpson and Paula Couto, 1957; Paula Couto, 1979;
Gillette e Ray, 1981; Cartelle, 1992; Simpson and Paula Couto, 1957; Oliveira et al., 2010;
Zurita et al., 2011; Mothé et al., 2013). The taxonomic representation was evaluated taking
into consideration the Number of Identifiable Skeletal Parts (NISP) and the Minimum
Number of Individuals (MNI) to quantify taxa and skeletal parts, respectively (Badgley, 1986;
Lyman, 1994). For each taxon, the MNI was calculated using the most abundant skeletal

element on both sides of the animal (Lyman, 1994).

3.1 Terminologies
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The biocoenosis, thanatocoenosis and taphocoenosis terms follow Aradjo-Junior et al.
(2013a) and Lyman (1994). A) biocoenosis, a living assemblage; B) thanatocoenosis, a dead
assemblage, derived from biocoenosis and later modified by biostratinomic processes; and C)
taphocoenosis, a buried and preserved assemblage. The classifications of vertebrate
accumulations follow Eberth et al. (2007), including: (A) dominant macrofossil, when more
than 75% of NISP is composed of bones or bone fragments larger than 5 cm; (B) dominant
microfossil, when more than 75% of NISP is composed of bones or bone fragments smaller
than 5 cm; (C) mixed accumulations, sets containing significant mixtures of macrofossils and
microfossils and more than 25% of each NISP. The terms monotaxic, paucitaxic and
multitaxic were used, following Eberth et al. (2007): (A) monotaxic, assemblages constituted
by a single species; (B) paucitaxic, of two to nine species; and (C) multitaxic, more than nine

species.

This was followed by the classification of the fossiliferous assemblage of the fossil
vertebrate sets of tanks deposited by Araujo-Junior (2016), which are: preserved assemblage
in situ (skeletal accumulation of individuals who died and were preserved inside the tank);
peripheral assemblage (skeletal accumulation of individuals who died close to the tank, were
transported and preserved inside the tank) or preserved ex situ assemblage (skeletal
accumulation of individuals who died far from the tank, were transported and preserved inside
the tank). This classification uses as basis the criteria such as transport, abrasion,

disarticulation degree and group of VVoorhies and FTI.

Regarding the colors were established based on the macroscopic observation of each
specimen. For each color, we used the standard color coding from The Globe ® table, version
2004, which are: beige (color 7.5 YR 8/1), brown (varies from 7.5 YR 5/3 and 7.5 YR 4/3);
gray (varies between 10 YR 8/1 and 10 YR 7/1 colors); mixed (brown and black) (brown,
varies between 7.5 YR 5/3 and 7.5 YR 4/3) (black, correspondsto 7.5 YR 2.5/1).

3.2 Biostratinomic analysis

The taphonomic criteria analyzed in this study were defined and adapted from Aradjo-

Junior and Bissaro-Janior (2017). The analysis and interpretation of the bone surface



86

modifications followed Behrensmeyer's criteria (1978, 1991), Hill (1979), Haynes (1980,
1983), Shipman (1981), Lyman (1994), Holz and Simdes (2002), Eberth et al. (2007) and
Aradjo-Janior and Bissaro-Junior (2017). Therefore, the following taphonomic features were
evaluated: 1) physical integrity; 2) patterns of breakage 3) bone weathering; 4) marks of
trampling; 5) marks generated by carnivores / butchers; 6) insect marks; 7) wear by abrasion;
8) anthropogenic changes; 9) root marks; 10) coloration of the specimens. The software used
for measuring the microscopic characteristics of the specimens (e.g. biogenic changes) was
Fiji (Schindelin et al. 2012).

For the purpose of interpretations regarding types of death, taphonomic and
paleocological aspects, the ontogenetic spectrum of the identified taxa and the bone and
taxonomic representativity were also evaluated. The criteria for estimating ontogenetic stages
were based on the degree of fusion of the epiphysis-diaphysis (for long bones) and the
vertebral center (vertebrae) as in Aradjo-Junior et al. (2013a). Using the data of bone
representativity, the specimens were grouped according to the Fluvial Transport Index (FTI)
in order to analyze the degree of transport of the taphocoenosis in relation to the death sites of
the individuals (Frison and Todd, 1986). In the case of large mammals (between 100 and
1000 kg, Cione et al., 2009, Aradjo-Junior and Porpino, 2011) and megamammals, FTI is
more applicable given the similarity between the size of the individuals of the megafauna
quaternary and Elephas maximus (Frison and Todd, 1986; see Araujo-Junior et al., 2012, for

more details).

3.3. Multivariate statistical analyses

Multivariate statistical analyses were performed using the software Paleontological
Statistics version 2.21 (PAST) (Hammer et al., 2001). The Zabelé deposit (NISP = 305) was
compared with five other tank deposits from different regions previously studied in the RIB.
Tanks used for comparison include: Jirau (3°21°23”S 39°42°20”W) (NISP=1405), Jodo
Cativo (3°30°17”°S 39°40°24”W)(NISP=556), Campo Alegre (7°15°18.55”’S
36°44°26.35”W)(NISP=331), Curimatis (7°07°36”S 36°07°48”W)(NISP=118) and Lage
Grande (8°25°27”S 36°43°20”W) (NISP=230). The data matrix for these localities comes
from Araujo-Janior et al. (2017).

Corresponding and grouping analyses (Q and R modes) of the six tanks were

performed to identify both the typical and atypical categories of the taphonomic
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characteristics and the taphonomic contexts of the tanks. A data matrix was produced for the
categories of the taphonomic attributes listed above, which were scored using percentage
values for each paleontological site. The resulting data matrix was subjected to cluster
analysis (Q-mode and R-mode) and matching, using the weighted pair group method with
simple arithmetic averages (UPGMA) and, finally, an ANOSIM (one -way) was applied in
order to evaluate the significance of the differences between the clusters obtained. In all the
analyses the Euclidean distance index was used.

In the Q-Mode cluster analysis, the tank deposits were grouped based on the similarity
of their taphonomic signature categories. This clustering was used to identify sites with
similar taphonomic contexts in BIR. In the R-Mode analysis, the categories of taphonomic
signatures were grouped based on the similarity of the percentages with which they occur
between the paleontological sites. In both analyses, an ANOSIM one-way test was used to
evaluate the significance of the differences between the groups obtained. This test provides a
statistical R that ranges from -1 to +1, where R values equal to +1 are obtained only when all
samples within the groups are more similar to each other than to any other sample of other
groups (Clarke and Warwick, 2001). The significance value (p) of the clusters was also
obtained from this test.

The correspondence analysis presents the Chi-square (x?) distances between the
paleontological sites studied, using the distances in Chi-square (x?) between the main
taphonomic categories in the assemblage as background. In this study, paleontological sites
plotted outside the vicinity of the main cluster of localities were considered to represent
taphonomic outliers, indicating a possible "exotic" assemblage (temporally or spatially mixed)
compared to the remaining taphocoenosis representing typical assemblages (see Hammer et
al., 2001 and Hammer and Harper, 2006).

The principal components analysis (PCA) finds hypothetical variables (components)
that aggregate as much as possible of the variance present in their multivariate data (Davis,
1986; Harper, 1999). This results in new variables, which are linear combinations of the
original variables. It is used to reduce the data set to just two variables (the first two
components) in the generated graphs; being hypothesized that the most important components
are correlated with other variables. "If most of the variance is taken into account by the first
two components, the analysis was a success, but if the variance is distributed more or less
uniformly between the components, PCA was, somewhat, less successful "(Hammer, 2012,
p.68).
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3.4. Geochronological and fossildiagenetic analyses

The samples were collected from the fossiliferous layer for dating using Optically
Stimulated Luminescence - OSL. Post-cranial bone fragments of different colors and densities
were also selected for X-Ray Diffractometry (XRD) analysis.

OSL analysis was performed at the Gamma and Luminescence Spectrometry
Laboratory of the Institute of Geosciences of the University of Sdo Paulo (USP). Five
sediment samples were selected for OSL analysis. The OSL curves were measured using an
automated Termoluminescence/OSL reader, model Ris@-DA20. Luminescence was detected
in the ultraviolet-UV region using a U-340 filter. The single-aliquot regenerative dose (SAR)
protocol in coarse-grained quartz was applied for the De evaluation, according to Murray and
Wintle, 2000.

The XRD analysis was carried out at the Soil Department of the Federal Rural
University of Pernambuco (UFRPE). In order to perform the X-ray diffraction tests on the
analyzed fossils, the powder method (Debye-Scherrer) was used to obtain a qualitative
analysis of its composition (Borges, 2000).

From each sample, a portion of approximately 1 g of bone structures, triturated with
the aid of a Dremel 3000 microretric Model 225, was removed until they became powder
(clay fraction). The material was placed in sample port of alumina and then analyzed by X-
Ray diffraction (XRD) using a Shimadzu XRD 6000 diffractometer (voltage of 40 KVA and
amperage of 30 mA). The analysis was performed under the following conditions: Ka-Cu
radiation, in a scanning range of 5 to 70°20 and scanning speed of 1.5° 20 min . The
identification of mineral phases was done by comparing the diffractometric standard obtained
with data sheets of the PDF-Powder Diffraction Files / ICDD - International Center for
Diffraction Data.

For the fossil-genetic analysis, 10 thin sections of the fossils of different bones (e.g.
ribs and vertebrae) and with different colors and densities were prepared. The thin sections
were made at the Brazilian Geological Survey-CPRM, Recife Unit, following the traditional
protocols for making thin sections for fossil samples (Padian and Lamm, 2013).

The histological index of Hedges and Millard (1995) was used for the analysis of the
integrity of the microscopic bone structure, which classifies the bone histology according to

the degree (%) of diagenetic degradation in five stages.
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4. Results and Discussion

4.1. Paleobiological aspects

4.1.1. Taxonomic and bone representations

Eremotherium laurillardi is the most abundant taxon (NISP=112; MNI=10), followed
by (NISP=23; MNI=5), Notiomastodon platensis (NISP=15; MNI=4), Glyptotherium sp.
(NISP=1; MNI=1), Gliptodontidae indet. (NISP=1; MNI=1), Ocnotherium giganteum
(NISP=1; MNI=1), Cerdocyon thous (NISP=1; MNI=1), Piauhytherium capivarae (NISP=2;
MNI=1) and Pilosa indet. (NISP=3; MNI=1) (Figure 4 e 5; Table 2). Therefore, based on the
analysis of Table 2, the Zabelé tank deposit is classified as a macrofossil dominant, paucitaxic
and monodominant assemblage (E. laurillardi composing more than 50% of NISP).

[Figure 4 --- here ---]
[Figure 5 --- here ---]

[Table 2 --- here ---]

Eremotherium laurillardi has been considered the most frequent species in the
quaternary fossil deposits of Brazil, mainly in the Northeast region (Bergqvist et al., 1997).
This increase may be related to the abundance of their populations in the biocoenosis and/or
to the fact of having more compact bones without medullary channels, conferring greater
resistance to the destructive processes (Santos et al., 2002; Bergqvist et al., 2004; Arauljo-
Junior and Porpino, 2011). Exceptionally, we recorded a greater amount of astragalus (n = 12)
of this species in the deposit - which greatly favored the attribution of MNI. This pattern was
also verified in the Lage Grande paleontological site (Aradjo-Junior et al., 2013b). The
abundance of astragalus would be related to the abundance of these individuals in the
biocoenosis, instead of a preservation bias (Aradjo-Janior et al., 2013b). Therefore, it is
possible that this is also the best explanation for the abundance of astragalus and,

consequently, E. laurillardi in SPZ.
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The presence of the canid Cerdocyon thous (MNI = 1) represents a rare finding in a
tank deposit. Fossil carnivorous findings are rare in RIB, with more frequent records in karst
deposits (Cerdocyon thous in the Bahia State, Lessa et al., 1998; Cerdocyon thous and
Protocyon troglodytes, Arctotherium sp., Smilodon populator and Leopardus cf L. tigrinus in
the Rio Grande do Norte State (Porpino et al., 2004). The tank deposits that can be registered
are Leopardus sp. and Pantherinae indet. in the State of Paraiba (Aradjo-Janior et al., 2015)
and Smilodon populator in the State of Ceard (Bergqvist et al., 1997; Aradjo-Junior et al.,
2013a) and at the Lagoa da Pedra site in the state of Pernambuco (Viana and Agostinho,
1995). Three hypotheses are suggested to explain the low representativity of carnivores in
these deposits: (i) the low representativity of carnivores in fossiliferous accumulations is
related to the low population density of the species of this group (Behrensmeyer and Dechant-
Boaz, 1980); (ii) the habitat of individuals may not have been in the vicinity of the tank; and
(iii) the debris flow and the lowest FTI values <50, which may have contributed to the
dispersion of these residues, because they are smaller specimens, would be easily dispersed
(see items 4.5 and 4.2.3) not fossilized and not preserved in the tank. In addition, isolated
fragmented bone elements that have not been identified may have influenced the absence of
important taxa.

In the accumulation of Zabelé, there is a large percentage of post-cranial elements (>
90%), many of them difficult to identify, and the cranial elements are scarce (NISP<0.98%).
With regard to the abundance, the ribs (n = 80), vertebrae (n = 48) and isolated teeth (n = 28)
were the most frequent specimens in the Zabelé assemblage. Such a pattern is expected since
vertebrae and teeth are the most abundant elements in vertebrate skeletons (Moore, 1994).
Long bones are among the most fragmented.

The low occurrence of phalanges and metacarpals is uncommon (Aradjo-Junior et al.,
2013b). It is possible that they have been removed from the thanatocoenosis by selective
biostratinomic processes (e.g., transport via debris flow), since these small elements are easily
transportable (\Voorhies, 1969, Behrensmeyer, 1991; Aradjo-Junior et al., 2012). Clavicles are
absent and scapulae are sparse and fragmented (n = 1); they are fragile elements, and
therefore difficult to preserve (Moore, 1994), especially in thick sediments such as the

fossiliferous layer from which they were recovered.

4.1.2. Ontogenetic spectrum and type of death
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The accumulation is composed mostly of adult individuals (89.84%), followed by
juveniles (5.25%) (including immature individuals), subadults (4.26%), and senile individuals
(0.65%) (Fig. 6A). All subadult individuals belong to the species E. laurillardi. The juvenile
stage is rare, represented by an immature individual of Notiomastodon platensis, a rare
occurrence for tank deposits, based on the fact that the highest frequency in tanks are adult
individuals (Aradjo-Junior et al., 2013a, b., 2015).

The dominance of adults relative to the subadults indicates a selective death scenario
for the biocoenosis existing during the Late Pleistocene (Shipman, 1981; Holz and Simdes,
2002). The presence of juvenile individuals also corroborates a selective death scenario.
However, tank deposits are commonly affected by the temporal mixing phenomenon, which
may bias the ontogenetic profile of the fossiliferous accumulations (Aradjo-Junior et al.,
2013a) and bring difficulty to the inferences related to the ontogenetic profile.

An alternative explanation for the predominance of adults over the reduced number of
juveniles is that, in a drought scenario (arid/semi-arid environment) during long-distance
migrations in search of water sources (current tank), adults would be more resistants than
juveniles (e.g Wiest et al., 2016), and consequently a larger number of adult individuals
would reach the tank (as we find today). In addition, juveniles are more susceptible to
predation and disease, which would explain the reduced number in SPZ or even the absence

in other accumulations of other tanks in northeastern Brazil.

4.2. Biostratinomy

4.2.1. Physical integrity, disarticulation, shape and dimensions

The specimens found in the Zabelé fossiliferous accumulation are disarticulated and
fragmented, rarely complete (Figures 7 and 8). There was a prevalence of isolated remains,
rarely associated, suggesting that the thatochenosis was submitted to different processes to
separate, fragment and disperse skeletal elements (Tomassini and Montalvo, 2013). The

results of the bioestratinomic analyses can be visualized in Figure 6.
[Figure 6 --- here ---]

[Figure 7 --- here ---]
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Regarding fragmentation, 62.54% are fragmented (<50% of preserved bone), 23.19%
are partially complete (50-90% of complete bone) and 14.27% are complete (> 90% of bone
preserved) (Figure 6B). There are different degrees of bone integrity at the same fossiliferous
level, ranging from whole bones to fragmented elements (Figure 8).

Phalanges, metacarpal and astragalus are the most complete specimens. In other tanks,
the highest integrity of the phalanges was attributed to the smaller size and reduced impact
surface when compared, for example, to the ribs and long bones (Bergqvist et al., 2011,
Aradjo-Junior et al., 2012). It is possible that this was the factor responsible for the greater
physical integrity of these specimens in SPZ.

In general, the teeth have greater resistance to taphonomic agents (Simdes and Holz,
2010) and, therefore, are more complete. However, the teeth of T. platensis and N. platensis
(incisors) of SPZ are, for the most part, fragmented. This was due to trampling by large
animals before burial (Fernandez-Jalvo and Andrews, 2016) as well as the sedimentation of

the reservoir itself, also evidenced by in situ breaks in long bones (Figure 8C and D).
[Figure 8 --- here ---]

Long bones are the most abundant (56.07%), followed by irregular bones (25.57%)
and short bones (16.72%), the bones being scarcer (1.64%) (Fig. 6C). The higher frequency of
long bones is explained by the greater abundance of this element in vertebrate skeletons
(Moore, 1994; Aradjo Janior et al. 2013a) and it is possible that fragmentation artificially
increased the frequency of long bones in the accumulation. Thus, the same may have occurred
in SPZ.

In the Zabelé accumulation, the dimensions between 101 and 150 mm (24.91%) are
predominant, with the least frequent being those with dimensions between 401 and 450 mm
(0.65%). Because the accumulation is mostly composed of megamammals, it would be
expected that the dimensions between 401 and 450 mm would be more frequent (Fig.9).
However, when comparing with the results of the degree of fragmentation, it is verified that
the dimension pattern was the result of the degree of fragmentation of the taphocoenosis,
assuming a pattern similar to that observed by Aradjo-Janior et al. (2013a). In this case, the
data are interpreted as results of subaerial exposure before burial and/or rework.

[Figure 9 --- here ---]
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4.2.2. Physical changes in the bone surface
4.2.2.1 Abrasion

The abrasion marks on the Zabelé fossiliferous assemblage are distributed as follows:
50.98% are moderate, and only 19% of the specimens show strong abrasion. (Fig. 6D).
Among the latter, ribs and fragments of long bones predominate. Among the elements
identified, the vertebrae and the astragalus are the ones with the most abrasion marks. Here,
these signs are located mainly in epiphyses of long bones and in the more prominent edges of
short bones, such as astragalus and navicular (Fig. 10). Among the elements with greater
amount of moderate abrasion the vertebrae are predominant (38%). Most elements with strong
abrasion are unidentified and fragmented elements. Many of these elements were collected

below or between the bones with better preservation.

In the context of peripheral assemblages (sensu Araujo-Junior, 2016), moderate
abrasion has been interpreted as a result of the remobilization of the specimens inside the
tanks and/or short transport (Araujo-Junior et al., 2013a, 2017; Scherer et al., 2017). This
interpretation can be extended to the fossil accumulation of SPZ, in which the remobilization
inside the tank may have acted on the abrasion of the specimens. Therefore, the transport of
SPZ, judging by the level of abrasion and the presence of subangular grains in the layers, was

short.

[Figure 10 --- here ---]
4.2.2.2 Weathering

The pattern of bone weathering observed is: 89.85% of specimens are in stage O;
8.52% are in stage 1; 0.98% in stage 2; and 0.65% in stage 3. Stages 4 and 5 are absent,
suggesting a relatively short period of subarea exposure before final burial (Behrensmeyer,
1978) (6E and Fig. 11).

Among the weathered specimens, most specimens are in stage 1, which is one of the
most common taphonomic signatures in tank deposits (Aradjo-Janior et al., 2015, 2017).
However, SPZ taffocenosis predominates in stage 0. This pattern may be related to the
relatively lower subaerial exposure of SPZ thanatocoenosis when compared to other Brazilian

tank deposits.



94

[Figure 11 --- here ---]
4.2.2.3 Breakage

The fractures in the Zabelé accumulation related to taphonomic processes comprise
28.20%, and the remaining 71.80% comprise complete specimens or without breaks related to
taphonomic processes. They occur predominantly in long bones, especially in the ribs (n = 66;
21.63% of NISP). In these, the breaks that occur most frequently are irregular perpendicular
(7.88%), smooth (6.89%) and spiral breaks (5.24%). About 8.19% present other fracture
patterns such as compression, columnar, flaking/chipped and longitudinal, and "Y" shaped
(Fig. 6F). Irregular perpendicular breaks to the largest axis of the bone are generally produced
by the processes of trampling or transporting fresh bones, whereas spiral breaks result from
the breaking of dry bones (Shipman, 1981). The smooth perpendicular breaks are generated
after the fossilization and, therefore, were produced by the action of reworking events of
preexisting layers (Shipman, 1981). A similar pattern has been observed in several other tank
deposits (Araujo-Janior et al., 2013a, 2015, 2017; Ribeiro, 2014; Scherer et al., 2017). In the
case of SPZ, many of the irregular and smooth perpendicular breaks also present rounding of
the fragmented portions. In the case of irregular breakage, rounding may have been generated
by the transport process. In the smooth breaks, however, rounding may have been produced
by the same process that led to the reworking and exposure of previously buried remains. This
pattern was also observed in the Fazenda Nova tank deposit in the state of Pernambuco (Alves
et al., 2007).

4.2.3 Biogenic modifications
4.2.3.1 Trampling

In the SPZ, 17.21% of the NISP (52 specimens) had trampling marks (Fig. 12 and
6G). These marks are predominant in long bones, mainly in the ribs (N = 28; 9.18%),
followed by astragalus (N = 5; 1.64%). The trampling marks overlap and do not present a
linear trajectory (Dominguez-Rodrigo, 2009), being more clearly visible in a binocular loupe
(Fig. 12).

The trampling marks are associated with irregular and smooth perpendicular breaks

(Fig. 12). The association between trampling marks and irregular breaks supports the idea that
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this process may have generated both striations and breaks during the bioestratinomic phase.
On the other hand, the association between trampling marks and smooth breaks may indicate
that: (i) the trampling generated only striations, without generating any fracture in the
specimens, which were later reworked, generating smooth breaks; and / or (ii) trapping
features were produced only after the exhumation of the bioclasts when they were already
fractured (with smooth breaks).

[Figure 12 --- here ---]
4.2.3.2 Gnawing marks

Gnawing marks occur only in indeterminate taxa, represented by two isolated ribs
(DGEO-CTG-UFPE 7985,Fig. 13A,B and DGEO-CTG-UFPE 7989, Fig.13 C,D) (Fig. 13),
and a pelvic girdle fragment (DGEO- UFPE 8031, Fig. 14C,D), which correspond to 1.31%
of NISP. In long bones, these features occur mainly on the proximal surface, perpendicular to
the largest axis of the bone. The possibility that the marks were produced during the
collection and/or preparation of the specimens was excluded because they have the same
coloration of the unaffected bone surface (Araujo-Junior et al. 2011, 2013a). Below we

present the ichnological systematic.

Systematic ichnology

Ichnogenus Nihilichnus Mikulas et al., 2006

Nihilichnus nihilicus

Analyzed material: DGEO-CTG-UFPE 7985, isolated rib undetermined.

Locality and age: Zabele, municipality of Capoeiras, Pernambuco State, Brazil; Late
Pleistocene-early Holocene age.

Description: the bioerosion structure shows an individual ovoid perforation in the cortical
bone, with irregular margins resulting from small breaks inside the perforation, which has a

flat bottom. On average, they are 5 mm in diameter.

Comments: Bite marks in the form of ovoid pits, arising from perpendicular impression of
teeth not penetrating the bone are diagnostic features of ichnospecies Nihilichnus nihilicus can
be interpreted as results of individual bites - are individual, non-standard holes, may reflect

the transverse contour of the tooth or dental nodes (Mikulas et al. 2006) associated with
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feeding. We rule out being another ichonogenera, as they lack the diagnostic traits like
straches or grooves associated to Machichnus or breaking associated to Brutalichnus.

Systematic ichnology

“chaotic biting traces”

Analyzed material: DGEO-CTG-UFPE 7787, right tibia E. laurillardi; DGEO-CTG-UFPE
7989, isolated rib indet; DGEO-CTG-UFPE 8031, pelvic girdle.

Description: the specimen DGEO-CTG-UFPE 7787 presents an isolated perforation of sub-
quadrangular shape, close to the articular surface, ~ 100mm in height, with irregular breaks

inside the perforation, which also has irregular margins forming a groove.

DGEO-CTG-UFPE 7989 has a single circular perforation in the cortical bone. It has irregular
breaks inside the perforation and the margins are irregular, forming a cavity of about 3 mm in

diameter.

DGEO-CTG-UFPE 8031, has only a single sulcus oriented randomly in the cortical bone (~ 5

mm in diameter). No breaks within the mark were observed.

Comments: The traces in these specimens are attributed to the mastication of bone particles to
obtain the digestible mass of the periosteal or spongy bone, varying according to the
producer's teeth and the substrate, but does not correspond to any recurrent pattern (Mikulas

et al., 2006), which hinders the ichnotaxonomic attribution.

[Figure 13 --- here---]

[Figure 14 --- here ---]

The register of butchering marks is added to the rare records for RIB (Araujo-Junior et
al., 2011, 2013a, 2017 and Dominato et al., 2011). These marks are important because they
provide evidence of the necrophagy process. The isolated, irregular and broad marks (3-7 mm
in height) located near the epiphyses are characteristic of large felidae bites (Haynes, 1983).

The marks described here are close to the bony epiphyses, also highlighting marks with> 7
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mm in height, such as DGEO-CTG-UFPE 7787. Thus, the morphology and location suggest
that the marks may have been produced by a large felidae (e.g. Puma concolor, Panthera
onca, Smilodon populator) when feeding on decaying carcasses (Aradjo-Junior et al., 2011,
2017; Dominato et al., 2011).

In addition to this, the morphology, dimensions and absence of scratches rule out the
possibility of being produced by a canid. Thus, although Cerdocyon thous occurs in SPZ, this
organism should not have been the producer of the observed traits.
Finally, the presence of butchers’ marks on the above specimens corroborates the
interpretation of subaerial exposure of the specimens prior to burial (Haynes, 1980;
Behrensmeyer, 1991; Araujo-Janior et al., 2011, 2013a, 2017).

4.2.3.3 Modifications by invertebrates

Markers were found in only one indeterminate rib fragment (0.33% of NISP) (DGEO-
CTG-UFPE 7988) (Fig. 15). The low frequency of these marks may also be associated with
abrasion, weathering and other taphonomic processes that may have masked the features
(Araujo-Junior et al. 2013a). As with butchering marks, the interior of the mark has the same
coloration as the unaffected bone surface (Aradjo-Junior et al., 2011, 2013a), ruling out the

possibility of it being a recent mark. Below we present the ichnological systematic:

Systematic ichnology

Ichnogenus Cubiculum Roberts et al. 2007

Cubiculum ornatus

Analyzed material: DGEO-CTG-UFPE 7988, isolated rib undetermined.

Locality and age: Zabele, municipality of Capoeiras, Pernambuco State, Brazil; Late
Pleistocene-early Holocene age.

Description: Presents the individual, shallow bioerosion structure, consisting of a discrete
ovoid hollow chamber in the compact bone up to the spongy bone. The chamber is 5 mm

deep. The main axis measures 7 mm and the minor axis ~ 5mm. When seen in high
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magnification, bioglyphs (surficial morphology) are observed on chamber walls, are shallow,
paired and sometimes overlapping between 0.5 and 0.9 mm wide.

Comments: Based on these characteristics, it is possible to assign this chamber to the
ichnospecies Cubiculum ornatus Roberts et al., 2007. In the Cubiculum levis the boring
boundaries, walls, and bottom are sharp and smooth and bioglyphs are absence. Cubiculum
ornatus borings are interpreted as insect pupal chambers, based on close resemblance to
modern arthropod pupae and ancient examples of bone-hosted pupal chambers (Kitching,
1980; Rogers, 1992) and dermestid beettles (Rogers, 1992; Martin and West, 1995). However
Roberts et al., (2007) linking these traces to the activity of necrophagous or osteophagous
carrion insect fauna avoiding associating with only dermestid beetles.

The record here described of C. ornatus is the first for the RIB and one of the rare
records for the Quaternary of South America. These bone alterations caused by insect marks
are very useful in taphonomic and paleoecological studies, given the sensitivity of these
organisms to local conditions (humidity, temperature and luminosity) (Roberts et al., 2007;
Araujo-Junior and Bissaro-Janior, 2017). In this sense, the presence of C. ornatus in SPZ
suggests (i) feeding interaction between insects and mammalian remains; and (ii) subaerial

exposure of carcasses before burial.

[Figure 15 --- here ---]

4.2.3 Transport

Regarding transport, the three FTI transport groups are present in SPZ. The
intermediate elements are the most abundant (FTI 50-75), followed by the most transportable
elements (FTI> 75). Finally, the less transportable elements are those of lower abundance
(FT1 <50) (Fig.16).

[Figure 16--- here ---]

In the absence of transport or of short distance, it is expected that the elements with
FTI values> 75 (most abundant elements in the skeleton) are the most frequent in the
fossiliferous accumulation, decreasingly followed by FTI 50-75 (pair elements) and, finally,

FTI <50 (heavier elements). FTI values 50-75 and FTI <50 are expected, however the
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percentage seen in FTI> 75 is abnormal, being below the expected amount. These data show
that although the specimens are close to the death site (peripheral assemblage) there may be
some transport process (e.g., debris flow) which removed the lighter elements of the
tanathoenose. A similar pattern was identified by Aradjo-Junior et al. (2013a) for the Jirau
tank.

Finally, with regard to the classification of the assemblage in relation to the place of
death of individuals, the results obtained in the analysis of degrees of abrasion (~70% of
abraded specimens) and articulation (absence of articulated fossils), as well as FT1 (FTI> 75:
31.72%, FTI 50-74: 56.39%, and FTI <50: 11.89%), allow to classify SPZ as a peripheral
assemblage (sensu Araljo-Junior, 2016). However, the data presented here suggest another
interpretation of the place of death in addition to the use of FTI. Although we have
sedimentological and paleoenvironmental evidence of the flow action in sheet (see above), in
SPZ, bones preserved in situ are preserved almost completely, without signs of transport
(Figure 8B). This suggests that at least part of the biocoenosis was buried in situ, in which

case a mixed accumulation model of the peripheral/in situ type was proposed.

4.3. Fossildiagenesis

4.3.1 Color

Four different color patterns were observed: brown (76.39%), mixed (gray + brown +
black) (13.77%), beige (6.23%) and gray (3.61%) (Fig.6G), suggesting distinct pigment
impregnation events during fossildiagenesis (Aradjo-Junior et al., 2013a). The beige fossils
are more friable and less dense, unlike the gray specimens, which were denser and with a
higher degree of abrasion; the majority of the taxa present brown color, which is predominant
in the fossils of tank deposits, with the mixed and gray colors being the rarest (Aradjo-Janior
et al., 2015).

The petrographic and XRD data show that these colors may be the result of
impregnation of iron oxides and hydroxides (goethite) (resulting in a brown color) and
manganese (resulting in a dark color), since even the fossils which are gray or with dark spots
have the predominance of hydroxyapatite. In contrast, in the Lage Grande tank, the variation
of a single color (dark) was interpreted as the performance of a single impregnation event by

opaque minerals (Aradjo-Janior et al., 2013b). Moreover, the precipitation of manganese
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oxides in the fossils reflects alkaline and oxidizing conditions of the preservation environment
during periods of drought (Tomassini et al., 2015). In Fig. 15B, one kind of impregnation of
Mn is noted, exhibiting a dendritic arrangement in the form of stains on the bones.

4.3.2 Histological patterns, physico-chemical changes and others

In the cross sections of the samples the mammalian bone pattern is observed (Fig.
17A). In relation to the mineralogical characteristics, the thin sections showed different
degrees of microstructural preservation, one with degree of preservation corresponding to
categories 4 and 5 of Hedges and Millard (1995) (i.e. > 85% of preserved histological
microstructures, mainly brown fossils), with no signs of compression (<33% of the preserved
lamellar structure), and 3 (> 67% of preserved histological microstructures) with signs of
compression (observed in fossils of all colors) (Figure 17D). These characteristics were also
observed by Andrade et al. (2018) in megamammals in the Pleistocene river context of the
Madeira River, Rondonia, southwest Amazon, Brazil.

The presence of alterations was observed, such as the radial microcracks crossing the
walls of the secondary osteons (transversal sections, 4x magnification) (Fig. 17A arrows),
similar to the model proposed by Pfretzschner (2000) (Fig. 17 B). These microcracks are
produced in secondary osteons of specimens preserved under subaquatic conditions
(Pfretzschner, 2000, 2004, Pfretzschner and Tltken, 2011). In this way the radial microcracks
indicate an environment exposed to periodic flood events (Tomassini et al., 2015,
Pfretzschner and Titken, 2011), as in the case of the deposit here studied with alternating
rainfall and drought (Fig. 17).

[Figure 17--- here ---]

The thin sections showed the presence of permineralization of the bone microstructure
by iron oxides and hydroxides (Fe2 + and Fe3 +) starting from the circumferences of the
osteons, as in the model proposed by Preftzschner (2000) (Fig. 17C). Microcrystalline calcite
(CaCO3) was also detected from reaction with cold 10% HCL (Figure 18). Apatite
predominance was also observed in other tank deposits in the states of Pernambuco (Alves et
al., 2007), Alagoas (Silva, 2008), and Paraiba (Carvalho et al., 2007). The predominance of

hydroxyapatite is therefore a possible pattern for tank deposits.
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[Figure 18--- here ---]

Finally, we do not observe in SPZ: (i) rooting; (ii) corrosion by algae and (iii) post-
depositional deformations.

4.4. Taphonomic view of the paleontological site Zabelé

The taphonomic processes that acted on SPZ and their relative time are summarized in
Fig. 19. The SPZ accumulation resulted from a taphonomic bias for large mammals arising
from a death scenario during periods of drought. Mammalian remains were exposed
subaerially for a short period of time in peripheral and/or in situ thanatocoenosis, where they
were disarticulated and the specimens were modified by physicochemical and biogenic
factors, such as weathering, trampling (pre-burial breaks), necrophagia (action of insects and
butchers) under rainy and drought conditions. Several episodes ofdebris flow, soon carried
some of the skeletal elements (FTI> 75% and FTI 50-74%) of the surrounding
thanatocoenosis, along with angular and sub-angular gravels from nearby areas into the tank,
generating abrasion on the specimens. However, considering the results observed in item
4.1.2 (ontogenetic spectrum and type of death), the possibility that some of the skeletal
remains have been incorporated into the deposit by accidental falls (FTI <50%) cannot be

ruled out, considering the excellent state of preservation of the specimens (Fig. 8b).

Considering more than one fossilization event, new carcasses were introduced along
with lighter specimens (e.g., phalanges, metacarpals) in the thanatocoenosis via debris flow. It
is also possible that, during these floods episodes, some of the specimens that form the
taphocoenosis inside the tank may have also been reworked, given the presence of post-
fossilization breaks. Taphonomic processes such as weathering, transport, reworking, and
trampling have altered the compositional fidelity of the assemblage in relation to the original
biocoenosis (e.g. ontogenetic profile, identification of the type of death), also mixing
specimens with distinct taphonomic signatures, although some of the original paleobiological
patterns appear to have been preserved (Xenarthra's relative abundance). The microcracks in
the osteons were generated under subaquatic conditions in the thanatocoenosis or in the
taphocoenosis. Finally, taphocoenosis (under subaquatic environment) was affected by

permineralization and oxi-hydroxides of Fe and Mn and impregnation by Mn, but the
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environment remained stable, thus conserving the original apatite of the bone, without
replacement. Probably, these minerals (Fe and Mn) came from the weathering of the rocks of
the bottom of the tank.

Cyclic entry of carcasses through floods (debris flow) , together with bone transport
and reworking as well as biogenic events (e.g. trampling in peripheral or in situ
thanatocoenosis), resulted in the mixing of nonconcurrent bioclasts, producing a fossiliferous
assemblage with temporal mixing, a frequent phenomenon in RIB tanks (Araudjo-Junior et al.,
2013a, 2017). The co-occurrence of some taphonomic characteristics in SPZ are evidence for
temporal mixing, including: (a) fragmentation (Behrensmeyer, 1991; Bown and Kraus, 1981;
Badgley, 1986; Wood et al., 1988; Schroder-Adams et al. 2001); (b) adult dominance over
sub-adults, which is more indicative of temporal-mixed accumulations than assemblage
generated by catastrophic death, suggesting a death caused in a drought period; (c) diagenetic
differences - macroscopic and miscroscopic - among the specimens, which are the most
consistent evidence to interpret the temporal mix, since they suggest that the bones underwent
mineralization at different time periods, although the processes in peripheral thanatocoenosis
(with aerial or sub-aerial exposure) should have been distinct from in situ thanatocoenosis
(accumulated in a sub-aqueous environment). Considering this complex framework, it is
impossible to quantify the degree of temporal mixing in the formation of SPZ fossiliferous

accumulation.

[Figure 19--- here---]

4.5 Multivariate analysis and comparative taphonomy

The most common taphonomic signatures in SPZ are disarticulated, fragmented and
moderately abrased specimens. Disarticulation and fragmentation occur when there is
subaerial exposure prior to burial (Hill and Behrensmeyer, 1984; Behrensmeyer, 1991) and
suggest that the bones were deposited in the tank after a period of decay of the carcasses. This
is corroborated by the occurrence of weathered specimens with slight modifications,
indicating circumstances of subaerial exposure (Behrensmeyer, 1978).

Based on FTI analysis and abrasion, three transport agent patterns are evident in the
tank deposits: (a) In SPZ the three FTI groups are represented, predominantly the FT1 Group
50-75. This pattern can be explained by the following hypothesis: moderate abrasion

generated by hydraulic transport during a moderate time interval, but at a short distance
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(peripheral and/or in situ). This same pattern was observed in the Jodo Cativo tank deposit
(Aradgjo-Junior et al., 2017). In SPZ the thanatocoenosis from which this deposit derived was
carried by a non-selective agent (debris flow). It is probable that in Jodo Cativo the same
process may have occurred; (b) Campo Alegre, Curimatds, Lage Grande and Jirau maintained
the same positioning observed in Araujo-Janior et al. (2017). ¢) SPZ and Jodo Cativo are
more similar to each other; Jirau, however, is plotted in an isolated point in the R-mode
cluster analysis and in the correspondence analysis - Taphonomic Setting C (Fig. 20 B e 21
A).

[Figure 20 --- here ---]

[Figure 21 --- here ---]

SPZ is included in Taphonomic Setting B, which includes rarer taphonomic features,
such as biogenic traits (trampling and teeth marks); however, no anthropogenic marks were
observed; on the other hand, we have the first occurrence of the action of Cubiculumornatus.
The Jirau tank, in turn, remained in the Taphonomic Setting C, which is also rare in tanks, in
the same position observed by Aradjo-Janior et al. (2017), leaving only the strong abrasion
that is positioned in Taphonomic Setting A. Taphonomic Setting C included the specimens in

weathering stages 3 to 5, with teeth marks, trampling and FT1 50-75 (Fig. 21A).

The teeth marks occur in few specimens and, unlike other records that attribute the
marks - scratches - to medium sized canids (Araujo-Junior et al., 2011), here the larger
diameter perforations and the absence of scratches show that they were produced by felids,
possibly Smilodon populator. Even though the SPZ exhibits a lower degree of exposure and
short transport, the correspondence analyses (Fig. 21A) in Taphonomic Setting C, in Jirau,
position the teeth marks close to the higher stages of weathering and strong abrasion,
suggesting that the necrophagia occurs preferentially under conditions of prolonged subaerial
exposure. However, SPZ presents a predominance of weathering in stage 0, which shows a
shorter period of subaerial exposure, demonstrating that scavengers - including the insects that
generated the trait attributed to C. levis - can also act on carcasses in periods of lesser time of
exposure or in situ with carcasses submitted to a low water level subaquatic environment (in
partial exposure). The marks would not only occur under conditions of low sedimentation

rates - but at shorter intervals with no rainfall.
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Thus a drought scenario (arid/semi-arid environment) explains the marks of butchers
and necrophagous insects in SPZ, because during periods of water stress and little available
food resources, necrophages would use available carcasses, which makes the marks common
and expected in this scenario (e.g. Wiest et al., 2016). Moreover, the small number of tarsal
and carpal elements show that the carcass was partially dismembered, possibly for
consumption.

The deposits of Zabelé, Jodo Cativo and Jirau (Configurations B and C, Fig. 21A;
Sites B, Fig. 20B), obtained through the principal component analysis (PCA) (Fig. 21B): an
FTI between 50-75, fragmented specimens and weathering stage O (plotting intermediate),
fragmentation and disarticulation. These are unusual and particular deposit sets produced
when the environments around the tanks probably went through variations in their rates of
sedimentation (decrease), rework (increase) or biogenic activity (increase) (Araujo-Janior et
al., 2017). In the grouping Curimatés, Lage Grande and Campo Alegre (Fig. 21B) the
signatures that are associated to these tanks are: moderate abrasion, weathering stage 1 and
FTI> 75 (Configuration A, Fig. 21A, Sites A, Fig. 20B), being typical assemblages for tank
deposits, possessing the most diagnostic taphonomic signatures. The other taphonomic
signatures were plotted at the lowest values, i.e., they are rarer and not typical in the analyzed

tanks, being less diagnostic signatures.

As in SPZ, tanks with Configuration B incorporated taphonomic biases introduced
during the recurrent events of reworking and temporal mixing of the remains, limiting the
power of paleoecological information (Aradjo-Junior et al., 2017). Thus, it reinforces that
even with the differences in the age of the deposits, the taphonomic processes identified were
recurrent along the Pleistocene-Holocene boundary in the RIB, according to the SPZ age
indicated here (item 2). However, in agreement with Araudjo-Janior et al. (2017), the set of
taphonomic processes is similar among the evaluated tanks, but the cyclicity of such
processes probably varied, as suggested by the evidence for variations in the subaerial
exposure rates of the bioclasts in some tanks (see analyses of abrasion and weathering stages
in Fig. 6D and E).

4.6. Comparison with other tank deposits: depositional and paleoenvironmental aspects



105

The fossiliferous accumulations of tank deposits vary between paucitaxic (e.g.
Fazenda Nova, Alves et al., 2007; Lage Grande, Aradjo-Junior et al., 2013b; Lagoa do Rumo;
Ribeiro, 2014; Riacho Verde, Aradjo-Junior et al., 2016; Lagoa das Abelhas, Scherer et al.,
2017; and Lagoa do Rancho, Scherer et al., 2017) and multitaxic (e.g. Lajea Formosa,
Carvalho, C. et al., 1966; Jodo Cativo, Bergqvist et al., 1997 e Aradjo-Junior et al., 2017,
Jirau, Aradjo-Junior et al., 2013a; Curimatds, Bergquvist et al., 1997, and Aradjo Janior et al.,
2015). The fossil accumulation of SPZ is assigned to the first group, which results from a
taphonomic context that selects large vertebrates, rather than being an original ecological
pattern of biocoenosis (Araujo-Junior et al., 2011).

The abundance of Eremotherium laurillardi in SPZ is congruent with the other
compared sites, where this species is highly represented. This pattern reinforces the
previously existing idea that factors such as increased bone strength (Santos et al., 2002;
Begquvist et al., 2004; Aradjo-Junior et al., 2013a) and the larger size of the Late Pleistocene
(Aradjo-Junior et al., 2013a) were conditioning factors that strongly influenced the differential

preservation of this species in BIR.

In SPZ a small number of small mammals (only one specimen attributed to Cerdocyon
thous), as well as the absence of other groups of vertebrates (e.g. amphibians, crocodiles,
turtles or birds), were observed. This is common to other deposits of brazilian tanks and there
are three hypotheses that may explain this pattern: (i) the fragility of the skeleton of these
animals to the taphonomic processes, making it impossible to preserve the tank; (ii)
individuals of these species visited the tanks only sporadically for occasional foraging or
drinking (see Aradjo-Junior et al., 2013a); and/or (iii) aqueous streams, such as that which
generated the fossiliferous layer, would be sufficient to disperse the remains of small and
medium sized mammals. The interpretation of a relatively short subaerial exposure time from
the analysis of the bioestratinomic features (e.g. features indicative of weathering, trampling
and necrophagy) makes the hypothesis (i) less plausible. On the other hand, the FTI pattern
observed and the periodic removal of more transportable elements (see FTI in item 4.2.3)
suggests that the lighter specimens were removed from the thanatocoenosis, making
hypothesis (iii) more likely. Finally, due to the absence of evidence, it is not possible to

discard hypothesis (ii).

Regarding the carcasses transport, the results obtained in the analysis of the degrees of

abrasion, joint and FTI classify SPZ in a peripheral assemblage (= short transport). A similar
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degree of transport was inferred for the vertebrate thanatocoenosis of natural tanks from the
states of Rio Grande do Norte (Santos et al. 2002a), Pernambuco (Alves et al., 2007), Bahia
(Ribeiro, 2010) and Paraiba (Aradjo-Janior and Porpino, 2011; Araujo-Junior et al., 2015).
However, as seen above, in addition to the use of FTI in tank tanks as well as in situ bone
registration with no transport signals in SPZ, we classify SPZ as a mixed, peripheral/in situ

accumulation.

Moderate abrasion is one of the most common taphonomic signatures of tank deposits
(Aradgjo-Junior et al., 2015, 2017). It is related to the deposition in high-energy environment,
debris-flow, andin SPZ and in sites of the state of Pernambuco, Rio Grande do Norte and
Cearad (Alves et al., 2007; Santos et al., 2002a; Araudjo-Junior et al., 2013a, 2013b). The
abrasion marks, along with the other taphonomic signatures and statistical analyses,
contribute to elucidate hypotheses about the deposition of bioclasts in natural tanks during the
Late Pleistocene (Paula Couto, 1980; Berggvist et al., 1997; Araudjo-Junior et al., 2017).

As for the breakage pattern, the association between pre- and post-burial breaks seen
in SPZ is similar to the patterns in other tank deposits (Araujo-Junior et al., 2013a, 2013b,
2015, 2017 and Ribeiro, 2014). As previously mentioned, this association results from the
reworking process of pre-existing fossiliferous layers and subsequent mixing with specimens
more recently incorporated into the thanatocoenosis. This agreement shows that this process
occurred on a regional scale in the BIR.

Regarding the period of exposition of carcasses before burial, SPZ assemblage
weathering stages indicate an even shorter period of subaerial exposure when compared to
other similar assemblages (e.g. Faria et al., 2013; Araujo-Junior et al., 2017, Scherer et al.,
2017). Therefore, it is possible that the fossil record of tanks encompasses both in situ
fossiliferous accumulations, with higher subaerial exposure (e.g., Jirau), and those of short

subaerial exposure period (SPZ) (see Figure 6D, item 4.6).

Biogenic tags are rare in tank deposits, currently with records only in the state of
Ceara (Araujo-Junior et al., 2013a), Pernambuco (Aradjo-Janior et al., 2013b) and Paraiba
(Carvalho, 2018). Here registered are different signs of biogenic action (trampling, butchering
marks and insects), including features not previously reported for these deposits, such as
insect marks. In Brazil, such features had only been recorded in vertebrates of the Santa Maria
Formation (Upper Triassic of the Parana Basin) (Paes Neto et al., 2016), in remains of the

mastodon N. platensis of Araxa (Dominato et al., 2009) and in a tooth of E. laurillardi from
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the Rio Madeira Formation (Upper Pleistocene) (Nascimento et al., 2011). The record here
reported increases the number of registrations of these marks in the Quaternary of South

America.

Based on the evidence of insect and butcher marks, besides trampling, we could
suggest a drought scenario as more likely to the death of SPZ biocoenosis in the Late
Pleistocene (Figure 24), since it is more plausible to associate these taphonomic signatures to
the scarcity of water resources. The producer of the mark attributed to Cubiculum ornatus acts
during the exposure of the carcasses during dry periods, and the larvae of these insects avoid
moisture (e.g. Schroeder et al., 2002; Woodcock et al., 2013). The evidences of these marks
point to a scenario of use of carcasses by butchers. However, the low occurrence of specimens
with these marks can be explained by: a) under conditions of water stress, there were more
carcasses available than butchers to consume them, and b) specimens that had such marks
may not have been preserved in the tank. Both hypotheses can be considered here. Being the
last remaining water tanks of the late Pleistocene (e.g. Paula Couto, 1980), such a scenario
applies to SPZ, similar to that suggested by Wiest et al. (2016).

As for the period of subaerial exposition in SPZ being shorter and presenting the
biogenic marks, the SPZ demonstrates a differentiated pattern of the tanks that have these
marks, which present the longest exposure time (eg Jirau, Aradjo-Junior et al., 2013a). This
factor shows that the action of scavengers is possible even on carcasses that have had a
relatively short period of subaerial exposure, both in peripheral and in situ thanatocoenosis.

In relation to the fossildiagenesis, the permineralization process could be observed in
SPZ, with the presence of Fe oxides and hydroxides and calcium carbonate (CaCO3) and Mn
impregnations at microstructural and macroscopic level, conserving the original
hydroxyapatite of the bone itself - without replacement. In a similar way, these processes
were also described in the Palaeontological sites of Jirau (Aradjo-Janior et al., 2013a), Lage
Grande (Aradjo-Junior et al., 2013b) and Lagoa do Rumo (Ribeiro, 2014) and Curimatas-
Junior et al., 2015). However, these other sites are even more diverse in terms of fossil-
genetic processes, since they also present substitution (e.g. Silva, 2008; Araujo-Junior et al.,
2013a; Carvalho, 2018).

As a result of impregnation by iron oxides and hydroxides, the specimens exhibited
different colors, predominantly brown, which is commonly found (Dupras and Schultz, 2014).

When associated with the soil in the process of fossildiagenesis, the black or brown coloration
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in the case of soils is resultant of the organic matter of the soil itself and the magnetite
(Fe304), reflecting oxidant conditions. Mixed stains (with black spots) or ash are associated
with the reduction of manganese (Mn2+), which is the most abundant metal in the soil
(Emsley, 2001). The beige coloration may be associated, in this case, to the exposure to the
sandy matrix of the soil (Dupras and Schultz, 2014), predominant in the stratigraphic layers of
ZPS. Finally, the gray color is related both to sun exposure and to amalgamated mercury
impregnation. In the context of ZPS, associated with the bone density observed in the pieces,
it is more likely that the gray color results from the sun exposure (Dupras and Schultz, 2014).
Thus, the ZPS color pattern analysis shows that it is within the common color pattern for the
fossils from BIR (Aradjo-Junior et al., 2015).

Considering the faciological attributes of texture, sedimentary structures, as well as the
tabular architecture of the fossiliferous layer, it is interpreted as originating from high density,
low turbulence, unconfined debris flows that entered the accommodation space of the tank.
This corroborated the previously analyzed tanks, which reconhecenharam the origin of the
deposit of debris flow (floods). In addition, the ZPS corroborates the model of tanks with
different layers (Mabesoone et al., 1990).

Thus, the edges of the tanks influenced the deposition of the skeletal remains. The ZPS
is a shallow, armchair-shaped, pond-like natural tank with less steep edges and covered by
clastic sediments. The specimens are oriented, less fragmented (when compared to other
tanks, e.g. Fazenda Nova), complete in situ and some associated. This indicates that tanks
with less steep and shallower edges contribute to a better preservation of the skeletal
accumulation, corroborating Araudjo-Junior et al. (2013b). On the other hand, tanks with
steeper edges show more degraded fossil accumulations (see examples in Cabral-de-Carvalho
et al., 1966; Bergqvist et al., 1997; Araudjo-Junior et al., 2013a).

The formation of SPZ taphocoenosis is supported by the debris flow (floods). In this
process, aqueous flows dragged the smaller carcasses and perhaps part or most of larger
carcasses, as well as pebbles into the tank’s interior; in drought periods, however, the
carcasses underwent subaerial exposure and processes of modifications (e.g., scavengers,
weathering), combined with biogenic alteration, such as trampling. In this case, the thick
subangulous sediments suggest a relatively short transport distance relative to the source area
and a relatively unstable hydrodynamics (Peng et al., 2017). In other tanks Bergqvist et al.
(1999a) also report the presence of thick sediments in the basal layers by grading for silt and

clay in the upper layers, suggesting that the energy decreases toward the top of the sequence
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(Suguio, 2003). This characteristic is corroborated in SPZ, whose, with the large or small
bioclasts and gravel are restricted only to the lower layer.

Such changes in the depositional processes in the alluvial fan are usually consequence
of climate shifts (absence or presence of rainfall) or in the geomorphological evolution of the
terrain (Bishop, 1980; Suguio, 2003). Thus there was a climatic alternation, between dry and
rainy periods, in which the floods — debris flow- came from pluviometric events (Nichols,
2009). This was alternated with periods of drought, leading to the subarea exposure and
oxidizing conditions, resulting in the conglomerate and afossiliferous sandstone layers, being
the probable death scenario of the individuals.

The ages of the fossiliferous layer 41.2 + 2.1 ky BP and 40, 300 + 8, 600 years AP are
coincident with these intervals of climate change. In addition, they are situated within the
range obtained from the dating of other tanks from BIR, which are between the intervals ~
10,000 AP years and ~ 120,000 AP years, i.e. Final Pleistocene (Dantas et al., 2017). In
Figure 22 we see a reconstruction of the paleoenvironmental scenario of the current region of

the Zabelé Paleontological Site, Capoeiras.

[Figure 22 --- here ---]

In spite of other factors, the influence on the amount of rainfall, the contribution of the
sedimentation and the morphology influence the sediment deposition process in the tanks.
Based on the evidence presented here, the deposition inside the tanks was strongly influenced
by the alternation between high energy flows - torrents caused by rainfall, as well as the
action of the gravitational force associated with the debris flows. The evidence presented in
SPZ and the previously discussed evidence (Aradjo-Junior et al., 2013a, 2013b, 2015, 2017a)
are discordant regarding the hypotheses of sedimentary contributions in tanks as suggested in
initial studies (e.g. Paula Couto, 1953; Santos, 1982).

5. Conclusions

The study shows that adult dominance in relation to sub-adults and juveniles, is related
to greater resistance of adults to migrate from distant sources for water in the tank compared
to juveniles during a dry season (absence of rain). In ZPS there was the taphonomic bias for

the preservation of large mammals. The abundance of megamammals in comparison to small
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mammals (Cerdocyon thous) is related to the greater bone resistance and / or the abundance of
these megamammals in the biocoenosis associated to the Zabelé tank in the late Pleistocene.
Eremotherium laurillardi is the most frequent taxon (> NISP number and NMI). The low
representativity of carnivores (Cerdocyon thous) is also related to the low population density
of the species, or their niches could be distant from the site of fossilization; a pattern that is
also observed in other tanks from BIR.

In relation to biostratinomy, after death, the carcasses were disarticulated and damaged
by necrophagous agents and trampling (which influenced their fragmentation, with patterns
associated with the breaks). The thanatocoenosis was exposed for a short period, but due to
the transport agent via debris flows deposition, there was a mixture of bones already deposited
with another subsequent fossilization event in the tank. A short transport caused by debris
flows deposited remains into the tank, along with clasts from nearby sources, as well as other
debris were incorporated in situ. The upper layers - conglomerate sandstone - above the fossil
layer, of lower energy and lower particle size, do not record mammalian fossils. The Zabelé
accumulation can be classified as mixed, that is, peripheral and in situ, and in Taphonomic
Setting B, indicating a decrease in sedimentation rates, reworking and increase of biogenic
activity. In addition, abrasion and weathering may have masked the taphonomic signatures,

resulting in a reduced number of scavengers / butchers and in the absence of other signatures.

With regards to reworking, it is likely that the specimens that formed the Zabelé tank
assemblage have undergone more than one reworking cycle (Taphonomic Setting B),
resulting in the fragmentation of the material and mixing of old bones with the newly
deposited ones (seen in the rounding of the breaks). Based on the results of the FTI analysis,
we conclude that the abrasion observed in the fossils is due to rework rather than heavy
transport. In addition, there was the presence of whole specimens in situ. Considering the

debris flow, it is suggested that these specimens were buried in situ.

Microstructures are preserved having the typical characteristics of mammalian bones.
There were two types of microstructural preservation. The first corresponds to more than 85%
of the preserved original histology (being possible to differentiate types of tissues and
microstructures); the second corresponds to less than 33% of the original histology,
considering poor preservation (preserving trabeculae and part of the lost microstructure). This
pattern shows a good microstructural preservation in relation to other tanks in which thin

section analyses were performed.



111

The observed fossildiagenetic features indicate that permineralization was the
predominant fossilization process, with no substitution, having impregnation, which may have
influenced the better histological preservation, in some cases. In addition, the mineralogical
and color differences observed in the material reinforce the temporal mixing inference for the
studied assemblage, markedly under the influence of an underwater environment (due to the

presence of microcracks indicative of water influence).

The Zabelé accumulation shows biostratinomic and diagenetic characteristics typical
of alternations between rainy and dry periods. The layers indicate the occurrence of
alternation between high and low energy flows generated by the same depositional process.

The temporal range obtained here was 41.2 + 2.1 ky BP (fossil layer) and 35.3 £ 1.2
ky BP being correlated to climatic alternations in the Pleistocene of the Northeast of Brazil
and other ages of the RIB obtained based on fossils.

A comparison between SPZ and other tank deposits in northeastern Brazil revealed
rarer taphonomic and sedimentological patterns. The SPZ records, in an unprecedented way
for the tank deposits of the RIB, the sedimentation event generated through deposition in an
alluvial fan sheet. In general, the Zabelé taphonomic signatures, considering transport and
reworking, allied to the influence of biogenic activity, exerted a strong influence on the
preservation of the specimens. Therefore, such comparisons associate the taphonomic

complexity of the SPZ resultant of reworking and, consequently, temporal mixing.
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Fig. 1. Location of the Paleontological Site of Zabelé, state of Pernambuco, Brazil. A) Aerial
view of the paleontological area (Font: GoogleEarth). B) Panoramic view of the tank deposit
(arrows-fossil collection sites in the tank). C) Detail of the most representative profile of the

accumulation, illustrating the divisions of layers (arrow- Notiomastodon platensis jaw).
Escale=100cm.
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Fig. 2. Disposition of the skeletal elements in the Zabelé accumulation. A) Dispersed

bioclasts, supported by the matrix, with orientation orientated NE-SW and fragmented. B)
Detail. C) Schematic drawing.
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Fig. 3. Schematic stratigraphic profile of the Zabelé Paleontological Site, state of
Pernambuco, Brazil.



Fig. 4. Taxonomic representativity of Zabelé accumulation. A) Incisive of T. platensis. B)
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Molariforme of Pilosa. C) M2 from E. laurillardi. D) Astragalus of Glyptotherium sp. E. m3

from N. platensis. F) MCII of Piauhytherium capivarae. G) axis from Ocnotherium

giganteum. H) Metatarsal of Cerdocyon thous. I) Ectocuneiform Glyptodontidae. Scale =

5cm.
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Fig. 5. Proportion of skeletal elements based on NISP and MNI values per taxon in the Zabelé

tank.
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Physical integrity. C) Bone Shape. D) Abrasion. E) Weathering. F) Breakage. G) Trampling.
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Fig. 8. Skeletal elements differences in degree of integrity in situ. A) Trench where the
specimens were collected. B) Complete tibia of Eremotherium laurilardi. C) Dentary of
fragmented Eremotherium laurillardi. D) Fragmented rib.
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Fig. 9. Analysis of the skeletal dimensions of the Zabelé accumulation.
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Fig. 10. Elements with abrasion. A) Navicular right, exhibiting moderate abrasion. B) and C)
Undetermined skeletal elements, exhibiting strong abrasion. Scale = 5cm.

Fig. 11. Skeletal elements with different degrees of weathering (arrows). A) Specimen
exhibiting stage 2 of weathering. B) Specimen exhibiting stage 1 of weathering. Scale = 5cm.
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C

Fig. 12. A) Undetermined rib with trampling marks associated with tapering (irregular)
tapering (arrows). B) Zoom marks (Obj 0.5x increase 1x). C) Note that marks are not linear
and overlap. Scale =7 cm.
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Fig. 13. A) Gnawing mark of the genus Nihilichnus nihilichus on a rib of the Zabelé
accumulation. Scale = 5cm. B) Zoom (Obx 0.5x magnification 1x). C) Gnawing mark
("puncture™) on an undetermined rib of the Zabelé accumulation. Scale = 5cm. D) Zoom (Obx
0.5x magnification 1x.

Fig. 14. A) Isolated gnawing mark on ulna of Eremotherium laurillardi from Zabelé
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Fig. 15. A) Rib with perforation attributed to Cubiculum ornatus of Zabelé accumulation. B)
Zoom (Obx 0.5x magnification 1x). Scale = 5cm.
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Fig. 16.

FTI from the accumulation of SPZ.
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Fig. 17. Histological patterns exhibited in the thin sections of Zabelé (details - arrows). A)
Radial microcracks crossing the walls of the secondary osteons (cross sections, magnification
4x). B) Scheme of radial microcracks across the circumference of secondary osteons
(modified from Preftzchener, 2000). Note the similarity with the specimen under study. C)
Permineralization of the bone microstructure (increase 10x under under nichols crossed). D)
Sample exhibiting a greater degree of structural degradation.
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B

Fig. 18. A) Diffratrograms illustrating the dominant mineral phase in fossils (hydroxyapatite).
B) One of the samples analyzed illustrates the predominant peak of hydroxyapatite.
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Taphogram of Zabele Paleontological Site
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Fig. 19. Taphogram for accumulation of Zabelé fossils with the sequence and hypothetical
duration of events.
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Fig. 21. A) Correspondence analysis with measurements of Euclidean distances. B) Principal
component analysis (PCA) using percentages of specimens according to the taphonomic

categories for each tank deposit.
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Fig. 22. Paleoenvironmental scenario of the current region of the Zabelé Paleontological Site,
Capoeiras, Pernambuco, Brazil. A) Paleoenvironmental reconstruction illustrating the
biocenosis in the Pleistocene. B) The climatic alternation and the death scenario of individuals
in the Late Pleistocene (~ 40Ma). C) Current scenario and the collection of skeletal remains.
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Sample Description Equivalent Dose Over DA (10- Age (years) Deep (cm)
dose (Gy) equivalent  dispersion 6Gy/ano)
error (Gy)  (OD) (%)
Layer | Fossil layer 61.12 2.79 13 2048+-109  40300+-8600 200
top).
Layer | Fos(silpl)ayer 62.22 2.79 13 2200+-4121  41200+-2100 260
base
Layer Il 2nd gands)tone 65.38 1.52 6 2481+-137 35300+-1200 190
upper
conglomerade
(base).
Layer Il 15t sandstone 57.00 1.68 13 2424+-58 30900+-1200 175
upper
conglomerado
(top).
Table 1. Ages (OSL) of the layers from Zabelé tank deposit, Pernambuco, Brazil.
Higher taxonomic categories Taxon NISP NISP (%) MNI MNI
(%)
Mammalia Xenarthra Pilosa Eremotherium laurillardi 112 70.44 10 40
Xenarthra Pilosa 3 1.88 1 4
Xenarthra Pilosa Ocnotherium sp. 1 0.63 1 4
Xenarthra Cingulata Glyptotherium sp. 1 0.63 1 4
Xenarthra Cingulata Gliptodontidae 1 0.63 1 4
Notoungulata Toxodon platensis 23 14.46 5 20
Notoungulata Pyauitherium capivarae 2 1.27 1 4
Proboscidea Notiomaston platensis 15 9.43 4 16
Carnivora Cerdocyon thous 1 0.63 1 4
Total 159 100% 25 100%

Table 2. Taxa identified in Zabelé accumulation, showing NISP and MNI values.

Code Lithofacies Sedimentary structures Interpretation
Facies Gms massive, matrix grading debris flow deposits
(layer 1) suported gravel
Facies Gm Massive or horizontal bedding, Longitudinal bars,
(layer 2) crudely bedded imbrication lag deposits, sieve

gravel deposits

Féacies Sp (layer
3)

sand, medium to
v.coarse,may be
pebbly

Solitary (alpha) or grouped
(omikron) planar crossbedss

Linguoid, transverse

bars, sand waves

(lower flow regime)

Facies St (layer
4)

sand, medium to
v.coarse,may be
pebbly

Solitary (theta) or grouped
(pi) trough crossbeds

Dunes (flow regime)

Table 3. Sedimentary facies identified in the stratigraphic profile of accumulation of Zabele
tank deposit, Capoeiras, Pernambuco State, Brasil (according with Miall,1985; 1996).
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6 DISCUSSAO

O estudo sistematico nesta tese (Artigos 1 e 2) mostrou a ocorréncia de Glyptotherium
sp. corroborando sua distribuicdo paleobiogeografica na regido Nordeste do Brasil (CARLINI
et al., 2008; ZURITA et al., 2012), difererentemente de Glyptodon que € encontrado na regiao
sul do Brasil (e.g. OLIVEIRA et al., 2010) e inferindo condi¢des climéticas e ecoldgicas
similares para a América do Sul, América Central e sul da América do Norte durante o
Pleistoceno Final (SCILLATO-YANE et al., 2005; CARLINI et al., 2008).

Além disso, um raro registro de individuo imaturo de Notiomastodon cf. platensis foi
encontrado, e conserva caracteristicas atribuiveis a Notiomastodon platensis. Essa ocorréncia
pode indicar que em outros depositos de tanques, provavelmente individuos recem-nascidos
ou imaturos de N. platensis podem n&o ter sido preservados por fatores tafondmicos, como a
resisténcia esqueletal e/ou a baixa frequéncia na biocenose de gonfoterideos recem-nascidos,
relacionada a menor resisténcia desses individuos ao migrarem de locais distantes em busca
de agua (WIEST et al, 2016). Desta forma, esse achado expande as discussdes
correlacionadas aos achados de individuos imaturos, o viés tafonémico e paleoambiental dos
tanques do Quaternario da America do Sul.

Foram identificados tdxons comuns para o Quaternario do Nordeste do Brasil, por
exemplo: Eremotherium laurillardi, Notiomastodon platensis, Toxodon platensis e
Glyptotherium sp. Esses taxons sdo amplamente registrados nos depdsitos de tanques do
Quaternario do Nordeste brasileiro (e.g. PAULA-COUTO, 1980; MABESOONE et al., 1990;
BERGQVIST et al., 1997; CARTELLE, 1999; ARAUJO-JUNIOR et al., 2013; 2015; 2017) e
no estado de Pernambuco (BRANNER, 1902; PAULA-COUTO, 1953; 1980; ROLIM,
1971;1974 a,b; ALVES, 2007; SILVA, 2013; ARAUJO-JUNIOR et al., 2013). Além desses
Cerdocyon thous sp., Pyauitherium capivarae e Ocnotherium giganteum. Pyauitherium
capivarae ja possui registros para o Pleistoceno de Pernambuco (GUERIN e FAURE, 2013),
ja Cerdocyon thous e Pyauitherium capivarae sao registrados pela primeira vez. Cerdocyon
thous é encontrado até os dias atuais em areas abertas e na mata atlantica (FONSECA et al.,
1996). Ocnotherium giganteum possui raros registros, dentre estes, na Bahia (CARTELLE,
1992).

O estudo tafonémico (Artigo 4) revelou informacbes sobre a acumulacdo de
mamiferos fosseis no depésito de tanque Zabelé, incluindo: a) caracterizacdo

bioestratinbmica, fossildiagenética e a histdria tafonémica dos restos esqueletais; b) processo
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deposicional envolvido e a geocronologia do depdsito e ¢) compara¢do com 0s outros tanques
do Nordeste brasileiro, com o uso de estatistica e a obtengdo de padrdes preservacionais
tafondmicos e paleoeoldgicos.

Desta forma, o conjunto de dados analisados neste trabalho, quanto a bioestratinomia,
fossildiagénese e historia tafondmica (a), mostraram que a acumulacdo do SPZ foi resultante
de um viés preservacional de mamiferos de grande porte, com espécimes desarticulados e
fragmentados, e raros completos. A dominancia de adultos em relacéo a sub-adultos e juvenis,
esta relacionada a maior resisténcia dos adultos ao migrar de fontes distantes de agua até o
tanque, ja que os juvenis seriam mais sucetiveis a doengas, predacao, etc.

Os restos de mamiferos foram expostos subaerialmente por um curto periodo de tempo
na tanatocenose acumulada em torno do tanque, onde foram desarticulados e modificados por
fatores fisico-quimicos e biogénicos, como intemperismo, pisoteio (quebras pre-
soterramento), necrofagia (acdo de insetos e de carniceiros). Diversos episodios de enxurradas
(fluxo de detritos/debris flow), logo transportaram alguns dos elementos esqueléticos da
tanatocenose circundante, juntamente com cascalhos e seixos angulosos e subangulosos
oriundos de areas proximas para 0 tanque, ou seja, curto transporte. Espécimes completos
preservados in situ sem sinais de transporte, mostram que, pelo menos parte da biocenose, foi
soterrada in situ, sugerindo um modelo de acumulacdo mista do tipo periférica/in situ.

Com o passar do tempo, houve a entrada de novas carcagas na tanatocenose, seguidos
por outros episodios de fluxos de detritos, que transportaram essas novas carcacas e elementos
esqueléticos retrabalhados para dentro do tanque. Também ha a possibilidade de que durante
esses raros episodios de enxurradas, alguns dos espécimes que formam a tafocenose no
interior do tangue tenham sido retrabalhados, dada a presenca de quebras pds-fossilizacao.
Processos tafonbmicos, como intemperismo, transporte e retrabalhamento alteraram a
fidelidade composicional da assembleia em relacdo a biocenose original (e.g. perfil
ontogenético e identificacdo do tipo de morte), misturando também espécimes com
assinaturas tafonémicas distintas, embora alguns dos padr6es paleobiol6gicos originais
parecam ter sido preservados (e.g. abundancia relativa de Xenarthra). As microfissuras nos
6steons foram geradas em condi¢cdes subgquosas na tanatocenose ou na tafocenose, enquanto
que a tafocenose (sob ambiente subaquoso) foi afetada pela permineralizacdo e por Oxi-
hidroxidos de Fe e Mn e impregnacdo por Mn, em um ambiente estavel, pois conservou a
apatita original do 0sso, ndo havendo substituicdo. Provavelmente, esses minerais contendo

Fe e Mn foram oriundos do intemperismo das rochas do embasamento do tanque.
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A entrada ciclica de carcacas, juntamente com o0s eventos de transporte e
retrabalhamento, resultaram na mistura de bioclastos néo-conteporaneos, produzindo uma
assembleia fossil com mistura temporal, fendmeno frequente nos tanques da RIB (e.g. Araljo-
Janior et al., 2017). A coocorréncia de algumas caracteristicas tafondmicas em SPZ sédo
evidéncias para a mistura temporal, incluindo: (a) fragmentacdo (BOWN e KRAUS, 1981,
BADGLEY, 1986; WOOD et al., 1988; BEHRENSMEYER, 1991; SCHRODER-ADAMS et
al., 2001); (b) dominancia de adultos em relacdo a subadultos, o que € mais indicativo de
acumulacdes temporais-mistas do que as assembleias geradas por morte catastréfica (c)
diferencas diagenéticas macroscépicas e microscopicas entre 0s espécimes, que sdo a
evidéncia mais consistente para interpretar a mistura temporal, uma vez que sugerem que 0s
0ssos sofreram mineralizagdo em diferentes periodos de tempo. Porém, ndo é possivel
quantificar o grau de mistura temporal na formacéo da acumulacao fossil de SPZ.

Quanto aos processos deposicionais envolvidos e geocronologia do deposito (b) a
analise dos atributos facioldgicos de textura, estruturas sedimentares, bem como arquitetura
tabular da camada fossilifera, interpreta o deposito Zabelé como originado por fluxos de
detritos (enxurrada/debris flow) de alta densidade, com pouca turbuléncia, ndo confinados,
que adentraram o0 espaco de acomodacdo do tanque. Sendo assim, fluxos de detritos
arrastaram carcacas e seixos de areas proximas para dentro do tanque; ja em periodos de seca
(estiagem de chuvas) as carcacas sofriam exposicdo subaérea e envolvendo processos de
modificacdes (e.g. necrofagos e intemperismo). De qualquer forma, em um curto periodo de
tempo, os espécimes estiveram sob influéncia de um ambiente subaquoso, como demonstrado
pelas microfissuras radiais, tanto nas enxurradas, quando em condicdes de estagnacao de agua
que ocorre atualmente apds fortes chuvas. Nessas condicdes de diminuicdo de fluxo,
sedimentos mais finos e granulos ficaram sob suspensdo e posteriormente foram depositados
nas camadas acima dos fosseis, exibindo a gradacdo normal.

Com base nos dados aqui discutidos a deposicdo dentro dos tanques foi fortemente
influenciada pela alternancia entre fluxos de alta energia, desencadeados por enxurradas,
corroborando trabalhos prévios (OLIVEIRA e HACKSPACHER, 1989;BERGQVIST et al.,
1997; SANTOS et al., 2002). As evidéncias mostradas em SPZ e as evidéncias outrora
discutidas (ARAUJO-JUNIOR et al., 2013a; ARAUJO-JUNIOR et al., 2013b; ARAUJO-
JUNIOR et al., 2015; ARAUJO-JUNIOR et al., 2017) séo discordantes em relacdo a hipdteses
de contribuicGes sedimentares nos tanques como sugerido em trabalhos iniciais (e.g. PAULA
COUTO, 1953; SANTOS, 1982).
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Por fim, o intervalo temporal estimado para a origem da camada fossilifera de SPZ
(41.200 £2.100 anos AP e 40.300 +8.600 anos AP) esté dentro do intervalo obtido a partir de
datacbes mais atuais de camadas fossiliferas de outros tanques da RIB (DANTAS et al.,
2017). Est& correlacionado aos eventos de alternancias climéticas durante o Pleistoceno
correspondendo a fase mais seca antes do evento H4, ciclo Heirich (WANG et al., 2004) (ver
Anexo). No evento ~ 45.000 anos AP, houve aumento pluviométrico resultando em um clima
frio e mais seco (SILVA, D. 2007). Outras idades da RIB obtidas com base em fosseis,
situam-se entre os intervalos ~10.000 anos AP e ~120.000 anos AP, ou seja, Pleistoceno Final
(DANTAS et al., 2017).

Em relacdo a comparacdo com os outros tanques do Nordeste brasileiro (c), com o uso
de estatistica e a obtencdo de padrdes preservacionais, com base nas analises
Correspondéncia, Cluster (UPGMA) e componentes principais, o Zabelé € incluido na
Configuragdo tafondmica B, que incluem caracteristicas tafonémicas mais raras, como 0S
tracos biogénicos (pisoteio e marcas de dentes); entretanto ndo foi observado marcas
antropogeénicas; por outro lado, tem-se a primeira ocorréncia da acdo de Cubiculum ornatus
para o Estado de Pernambuco e um dos raros achados para o Quaternario da América do Sul.
Além disso, incluiu-se nessa Configuracdo, o intemperismo no estagio 0. Ja Jirau se manteve
na Configuragdo tafondmica C, que também é rara nos tanques, no mesmo padrdo obtido por
Araudjo-Junior et al., 2017. Essa Configuracdo inclui os espécimes nos estagios de
intemperismo 3 e 5, espécimes ndo desgastados e também os com forte abrasdo. O Zabelé
adicionou as assinaturas mais raras: duas novas marcas produzidas por necréfagos e o
expressivo pisoteio.

Além disso, denota-se a importancia da morfologia dos tanques e na preservacdo dos
espécimes. Os tanques semelhantes a lagoas tiveram melhores condi¢bes para a preservacao
de elementos esqueléticos em contraste com aqueles com bordas mais ingremes. Nesse caso,
0 Zabelé é classificado como o tanque em poltrona, com formato semelhante a uma lagoa,
com bordas menos ingremes em relacdo aos tanques ja descritos, é coberto por sedimentos
clasticos e 0s espécimes apresentam-se menos fragmentados, completos in situ e ja outros,
associados e orientados, corroborando que 0s tanques com bordas menos ingremes
contribuem para uma melhor preservacdo da acumulacdo esqueletal (ver apéndice B).

O estudo paleopatoldgico (Artigo 3) mostrou quatro difererentes tipos de alteracGes
paleopatoldgicas, restritas a apenas E. laurillardi e, além disso, a um taxon indeterminado. As

alteracbes paleopatoldgicas identificadas foram: a doenca de deposicdo do pirofosfato de
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calcio (DDPC), lesdes infecciosas, trauma e avulsdo do tenddo. A maioria dessas alteraces
paleopatoldgicas correspondem a registros inéditos para Eremotherium laurillardi.

Neste trabalho, a doenca de deposicdo do pirofosfato de célcio (DDPC) foi
identificada em dois astragalos direitos de individuos adultos de E. laurillardi (DGEO-CTG-
UFPE 7802 e DGEO-CTG-UFPE 7806). Até 0 momento, sdo escassos 0s registros de DDPC
em fosseis, sendo que, esse novo registro de DDPC em Eremotherium laurillardi associado a
casos previamente documentados (BARBOSA e LUNA 2014; BARBOSA et al., 2014,
2017a, 2017b) reforca a hipdtese de que a DDPC pode ter sido comum em Xenarthra, pelo
menos durante o Pleistoceno Superior.

A lesdo infecciosa identificada foi a osteomielite ndo-especifica em uma vértebra
caudal (DGEO-CTG-UFPE 7822). Os registros de infecgdes nos mamiferos pleistocénicos
sul-americanos séo relativamente raros. Este novo caso de infeccdo em Eremotherium
laurillardi aumenta a distribuicdo dessas infeccGes nas espécies de mamiferos quaternarios.
Ferigolo (1987) pontua que as infec¢cds sdo frequentes em megaterideos e milodontideos.
Assim, novos relatos de casos sdo cruciais para elucidar como esses animais foram afetados
por infecgdes.

Em relacdo aos traumas, foram identificadas deformac6es compressivas (DGEO-CTG-
UFPE 7823) geradas pela compressdo do 0sso esponjoso sem fragmentacdo — tipo Al.l
(Margerl et al. 1994) e fratura compressiva na vértebra caudal (DGEO-CTG-UFPE 7824)
causada por compressdo axial no plano coronal — tipo A2.2 (MARGERL et al. 1994). Na
costela fragmentada (DGEO-CTG-UFPE 7825), formou-se o calo, associado a esclerose
visualizada na analise pCT. LesOes traumaticas tém sido raramente descritas na fauna
quaternaria da América do Sul. Assim, esses novos casos sdo importantes para ampliar o
namero de lesbes traumaticas conhecidas no Quaternario da Américada do Sul. Porém ndo é
possivel atribuir precisamente a costela fragmentada (DGEO-CTG-UFPE 7825) a um taxon,
dificultando discuss6es paleobiologicas mais profundas.

Por fim, um novo caso de avulsdo do tenddo no fragmento proximal de fémur (DGEO-
CTG-UFPE 7828), um tipo incomum de lesdo que indica um comportamento brusco do
animal. Nesse sentido Haynes e Klimowicz (2014), ao estudar populacdo de elefantes atuais
(Loxondonta africana) e encontrar traumas na populacdo, associaram a empurrdes agressivos
em disputas por recursos escassos (agua, alimento). Nesse caso, considerando 0s tanques
como Ultimos reservatorios de dgua durante o final do Pleistoceno, além da avulsdo do tendao

no fémur, as lesdes traumaticas cicatrizadas aqui descritas nas vértebras caudais (DGEO-
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CTG-UFPE 7823 e 7824) e na costela (DGEO-CTG-UFPE 7825) podem ter sido geradas em
uma situacdo de estresse e/ou disputa de territdrio. Destacando ainda que houve tempo para
cicatrizacao das lesdes, assim é pouco provavel que esses animais tenham sofrido quedas nos
tanques, pois seriam suficientes para causar a morte do animal e ndo ficaria registrado no
0SS0.

Dentre 0s nove taxons analisados no Zabelé, apenas E. laurillardi apresentou
paleopatologias, o que pode ser explicado: a) pela maior resisténcia esqueletal e abundancia
populacional na biocenose do Pleistoceno Final e inclusive na area estudada, 0 que resultaria
numa maior probabilidade de restos esqueléticos patoldgicos preservados, isto é,
enviesamentos tafondmicos e paleoecoldgicos; b) por outro lado, E. laurillardi poderia ser
mais sensivel a algumas lesdes do que outras espécies. Barbosa et al. (2017) mostraram que
esta espécie era uma das especies folivoras quaterndrias com maior variabilidade de
anormalidades articulares e vertebrais. Essa hipoOtese ainda se inviabiliza de ser testada em
funcdo da quantidade de amostras disponivel no Zabelé, mas destaca-se a significativa
importancia desses registros para futuros estudos paleopatoldgicos, muito embora contribua

para expansdo do nimero de ocorréncias em taxons do Quaternario da América do Sul.
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7 CONCLUSAO

No depoésito de tanque Zabelé verificou-se a ocorréncia dos tdxons Eremotherium
laurillardi, Ocnotherium giganteum, Notiomastodon platensis, Toxodon platensis,
Pyauitherium capivarae, Cerdocyon thous, Glyptotontidae e Pilosa indet., e Glyptotherium
sp. Para Notiomastodon cf. platensis, registrou-se um individuo imaturo, um raro achado,
fomentando discuss@es referentes aos individuos imaturos do Quaternario da América do Sul.
Essa raridade de individuos juvenis em tanques, € relacionada a um ambiente de seca, a menor
resisténcia desses individuos (predacdo, doencas) durante as migracGes de locais distantes em
busca de fontes de agua, (tanque), o que resulta em um maior nimero de restos de individuos
adultos no tanque.

Doencas restritas a E. laurillardi foram identificadas (doenca de deposicdo do
pirofosfato de calcio, lesdes infecciosas, trauma e avulsdo do tenddo). Como hipoteses para
essa restricdo a E. laurillardi tem-se: viés tafondmico (resisténcia esqueletal) e/ou maior
suscetibilidade desse taxon as alteracdes paleopatoldgicas corroborando estudos prévios. Esse
registro expande o nimero de doengas para Xenarthra no Quaternario da América do Sul.

Os dados mostraram a abundancia de megamamiferos (e.g. E. laurillardi) em
comparagcdo com mamiferos de pequeno porte (Cerdocyon thous) e auséncia de vertebrados
ndo-mamiferos, demonstrando o viés tafonémico para a preservacdo de mamiferos de grande
porte. A andlise das assinaturas tafonémicas mostraram novas assinaturas como: marcas
insetos (Cubiculum ornatus), carniceiros (Nihilichnus nihilichus) e maior quantidade de
marcas de pisoteio (trampling), em relacdo a outras acumulacGes de tanques, o que €
relacionado a uma acumulacdo exposta a um ambiente arido/semiérido.

A tanatocenose foi exposta por curto periodo, mas devido ao agente de transporte de
alta energia, misturou 0ssos ja depositados in situ e completos, com outros recém-chegados
no tanque. Um transporte curto causado por por enxurradas, depositou os restos no tanque,
junto com clastos de fontes proximas, classificando a acumulacdo como mista periférica/in
situ e na Configuracdo Tafondmica B caracterizada por: diminuicdo nas taxas de
sedimentacdo, retrabalhamento e aumento da atividade biogénica (e.g. necréfagos, pisoteio),
sob condicGes de aridas/semiaridas; esses fatores influenciaram na fragmentacdo dos
espécimes in situ.

A permineralizagéo foi o processo de fossilizacdo predominante, aliado a impregnacéo
de Fe, que resultou na predomindncia da cor marrom e também a impregnacdo de Mn,

resultando em manchas pretas nos 0ssos. Espécies soterrados in situ ou transportados
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préximos ao tanque, pode ter influenciado nos diferentes graus de preservacgéo histoldgica, em
alguns casos.

O processo de deposicdo por fluxos de detritos (enxurrada/debris flow) -
conglomerado matriz-sustentado, geometria tabular - alternancia de fluxos de alta e baixa
energia num ambiente aquoso, com intervalo temporal de 41.200 anos £2.100 anos AP
(camada fossil) e 35.300 +1.200 anos e 30.900 +1.200 anos AP (camadas acima) relacionado
a alternéncias climaticas entre frio e seco durante o final do Pleistoceno.

A comparagdo entre o tanque Zabelé e outros depdsitos de tanques do Nordeste do
Brasil revela padrGes tafondmicos e sedimentoldgicos mais raros, representado pelo processo
de deposicdo por fluxos de detritos, com conservagdo de algumas assinaturas tafonémicas
mais raras, variando as taxas de sedimentacdo (diminuicdo), retrabalhamento (aumento) ou
atividade biogénica (aumento). A complexidade tafonémica do Zabelé representa,
provavelmente, o resultado do retrabalhamento e, consequentemente, da mistura-temporal.

Ressalta-se a influéncia da morfologia das bordas dos depoésitos de tanques no
processo de deposicdo dos elementos esqueletais e fragmentacdo. O deposito de tanque
Zabelé, com bordas menos ingremes e semelhantes a uma lagoa, 0s espécimes sdo menos
fragmentados quando comparados aos tanques com bordas mais ingremes.

Por meio deste trabalho demonstrou-se a importancia de escavacfes controladas para a
obtencdo de dados primarios in situ, importantes para a compreensdo do ambiente
deposicional relacionado aos elementos esqueletais no tanque. Além disso, esse trabalho
permitira 0 avanco nas linhagens discutidas aqui (sistematica, tafonémica, deposional,
paleopatoldgica, geocronoldgica, dentre outras), expandido os estudos em tanques da RIB e

bem como em depdsitos do Quaternario da América do Sul.
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352
15
26,8
28
54
23,19

Fragment Articulate Disarticul Weatherir Weatheril Weatherir Weathering_stag Weathe FTI_» 75 FTI_50-75 FTI_<_.50 No_abrasiModerate High_abrz Tooth_ma Trample_r Anthropogenic_signs

35,2

82
535
508
82,3
62,4

09

o w o o o

99,1
100
100
100

97
100

239
47
248
78
106
89,85

68,3
183
299
68,8

64
8,51

78 0 0
25,5 375 83
40,5 43 05
234 0 0
254 0 0
098 0,65 0

Fonte: A autora (2019).

67,1
07
33,3
67,4
93,9
3172

98
796
58,3
16,3

18

56,39

231
197
84
16,3
43
1189

96
39
454
51
15
30,02

86,1
75
533
813
949
50,98

43
211
13
136
36
19

0
19
01

0

0

131

17
16
05

0

03
1721

0
0
01
0
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APENDICE B — FIGURA COMPARANDO A MORFOLOGIA DO DEPOSITO DE
TANQUE ZABELE COM OUTROS TANQUES DO NORDESTE DO BRASIL

A. Sitio paleontoldgico Zabelé,Capoeiras, Pernambuco (morfologia eliptica, em poltrona, notar a cobertura de
sedimentos clésticos).. B. Sitio Paleontoldgico de Jirau, Itapipoca, Ceara (morfologia elipitica). Foto: C. L.
Ximenes, 2007. C. Tanque em Lagea Formosa, S&o Rafael, Rio Grande do Norte (morfologia irregular). Foto:
Francisco V. Souza. D. Sitio Paleontoldgico Fazenda Nova, Brejo da Madre de Deus, Pernambuco (morfologia
irregular). Foto: Alves, 2007. E. Tanque na fazenda Ovo da Ema, Alagoas (morfologia circular). Foto: Silva, J.,
2008. F. Tanque na Paraiba (morfologia irregular). Foto: Google.

Fonte Foto A: A autora (2019).



APENDICE C

- TABELA DE FACIES
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IDENTIFICADAS NO PERFIL

ESTRATIGRAFICO DA ACUMULACAO DO TANQUE ZABELE, CAPOEIRAS,

PERNAMBUCO
Cadigo Féacies Descricdo das estruturas Interpretacio

Facies Gms Cascalho macico Gradado Deposito de fluxo de

(camada 1) matriz suportado detrito

Féacies Gm Cascalho macico ou | Acamamento horizontal, barras longitudinais,

(camada 2) pouco estratificado | imbricacdo depositos de lag,
depositos de sieve

Facies Sp Areia, média a EstratificacOes planares Lingdides, barras

(camada 3) muito grossa, pode solitarias ou agrupadas transversais, ondas de

ter seixos areias (regime de

menor fluxo)

Facies St Areia, média a Estratificacdes cruzadas Dunas (regime de

(camada 4) muito grossa, pode solitarias ou agrupadas menor fluxo)

ter seixos

Fonte: A autora (2019).
Nota: elaborada de acordo com Miall (1985; 1996).



ANEXO A - TABELA COM AS ASSINATURAS TAFONOMICA ANALISADAS NO SPZ
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Tipo de dados
tafonémicos

Assinaturas tafonémicas

Categorias

Censo da tafocenose

Diversidade taxondmica
Dominancia (Eberth et al., 2007)

Representatividade 6ssea e de individuos

Paucitaxica
Monodominante

Monotéxica

NUmero de Partes esqueletais

Ndmero Minimo de Elementos (MNE)

Multitaxica
Multidominante

Numero Minimo de Individuos (MNI)

Abundancia relativa

Integridade fisica (Aradjo-Jinior et al., 2013a)

Completo (> 90% do espécime)

Parcial (50%-90% do espécime)

identificaveis (NISP) por taxon por taxon por taxon

Espectro ontogenético Juvenil Subadulto Adulto Senil
- Estagios de intemperismo (Behrensmeyer, 1978) 0 1 2 3 4 5
Graus de abraséo (Fiorillo, 1988) 0 1 3
‘g Marcas de dentes (Haynes, 1980) Auséncia Scratches Punctures
s Marcas de insetos Auséncia Presenca
8 Marcas de raizes Auséncia Presenca
§ Marcas de pisoteio Auséncia Presenca
£ Grau de desarticulagéo (Behrensmeyer, 1991) Articulado Associado Desarticulado
3 Sinais de corroso Auséncia Presenca
§ Incrustagéo Auséncia Presenca
8 Tipos de quebras em ossos longos Perpendicular ao maior eixo e com borda irregular Perpendicular ao maior eixo e com borda lisa Colunar Denteada

Fragmento (< 50% do espécime)

Dados de campo

Aspectos sedimentolégicos e estratigraficos
Grau de empacotamento (Holz & Simdes, 2002)
Espécime em relagéo ao plano de acamamento (Holz &
Simdes, 2002)
Fragmentagdo in situ
Orientacéo
Icnofésseis associados

Posicao no perfil estratigrafico
Densamente empacotado

Concordante

Auséncia Presenca

Parametros texturais

Obliquo

Frouxamente empacotado

Estruturas sedimentares associadas
Disperso

Perpendicular

Fonte: Araudjo-Junior e Bissaro-Junior (2017).
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ANEXO B - GRAFICO COMPARANDO OS PADROES DE CRESCIMENTO DE
ESPELEOTEMAS DO NORDESTE BRASILEIRO COM EVENTOS REGISTRADOS

EM VARIOS ARQUIVOS PALEOCLIMATICOS DO HEMISFERIO NORTE
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i F L
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10 20 30 40 50 60 70 80 90

Age (kyr ago)

Fonte: Wang et al., 2004.

Reflectance at 550 nm (%)

Insolation (W m-2)

Nota: o evento H4 corresponde ao intervalo geocronologico obtido em ZPS e corresponde a fase mais seca antes

da pluvial.



