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RESUMO

Na costa norte do Golfo San Matias, Argentina, se desenvolve a Bahia San Antonio,
com area aproximada de 160 km2. A regido apresenta uma diversidade de sistemas
deposicionais, tanto na parte interna como na parte externa da baia, morfologicamente
representados pelos depdsitos de planicies e canais de maré, cristas de praia (beach
ridges), praias e dunas. Neste ambiente relativamente protegido pela Peninsula
Villarino, contra a elevada energia das ondas provenientes do golfo, a circulacéo das
aguas € governada por um regime de macro-marés semi diurnas com amplitudes de
sizigia de até 9 m, que ingressam atraves do Unico canal, comunicando a baia ao
oceano. As bordas da Peninsula Villarino apresentam uma grande quantidade de
cristas de praia, na forma de modernos e extensos depdésitos de bioclastos, onde
predominam bivalves com valvas inteiras, fragmentadas e gastropodes. O objetivo
deste trabalho consiste no desenvolvimento de modelos de arquitetura deposicional
das coquinas da Peninsula Villarino, através de mapeamento do terreno (DGPS) e
aquisicao de linhas por radar de penetracdo do solo (GPR), além de compreender a
dindmica sedimentar Holocénica-moderna desta regido. Levantamentos com GPR
foram realizados no setor da Praia de Punta Perdices na Peninsula Villarino setores
de depdsitos bioclasticos, num total de 23 linhas GPR, onde se observam varios
conjuntos de cristas de praia (Holocénicas) com largura média de 100 m, que se
estendem por mais de 1 km, localizados na area abrigada da baia. Os dados GPR
processados e interpretados séo utilizados para investigar as relacdes laterais e
verticais das facies, as geometrias deposicionais e assinaturas geofisicas,
desenvolvidas por mecanismos de progradacdo induzidos pela hidrodinamica das
ondas e marés. A génese desses extensos e abundantes depdsitos de bioclastos sao
discutidos, principalmente devido ao regime de macro marés da regiao e de deriva da
baia semicircular. Modelos deposicionais de coquinas em ambientes de praias
Pleistocénicas, Holocénicas e modernas sdo escassos na literatura, sendo que 0s
resultados obtidos serdo possivelmente analisados comparativamente com analogos

de depdsitos de hidrocarbonetos.

Palavras-chave: bioclastos, cristas de praia, area abrigada
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ABSTRACT

On the northern coast of the San Matias Gulf, Argentina, San Antonio Bay is
developed, with an approximate area of 160 km2. The region has a diversity of
depositional systems, both inside and outside the bay, morphologically represented by
the deposits of plains and tidal channels, beach ridges, beaches and dunes. In this
environment relatively protected by the Villarino Peninsula, against the high energy of
waves coming from the gulf, the circulation of water is governed by a regime of semi-
daytime macro-tides with syzygy amplitudes of up to 9 m, which enter through the
single channel, communicating the bay to the ocean. The edges of the Villarino
Peninsula have a large number of beach ridges, in the form of modern and extensive
deposits of bioclasts, where bivalves with whole, fragmented and gastropod valves
predominate. The objective of this work is the development of models of depositional
architecture of the coquinas of the Villarino Peninsula, through terrain mapping (DGPS)
and acquisition of lines by ground penetration radar (GPR), in addition to
understanding the Holocene-modern sedimentary dynamics of this region. Surveys
with GPR were carried out in the sector of Punta Perdices Beach in the Peninsula
Villarino sectors of bioclastic deposits, in a total of 23 GPR lines, where there are
several sets of beach ridges (Holocene) with an average width of 200 m, which extend
for more than 1 km, located in the sheltered area of the bay. The processed and
interpreted GPR data are used to investigate the lateral and vertical relationships of
the facies, the depositional geometries and geophysical signatures, developed by
progradation mechanisms induced by the hydrodynamics of waves and tides. The
genesis of these extensive and abundant deposits of bioclasts are discussed, mainly
due to the macro tide regime of the region and the drift of the semicircular bay.
Depositional models of coquinas in Pleistocene, Holocene and modern beach
environments are scarce in the literature, and the results obtained will possibly be

analyzed compared to hydrocarbon deposit analogues.

Keywords: bioclasts, beach ridges, sheltered area
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108 Sobre a estrutura desta dissertacéao

109

110 Esta dissertacdo de mestrado estd estruturada em um artigo cientifico

111 submetido. Dessa forma, sua organizagdo compreende as seguintes partes:

112 a) Introducdo compreendendo as consideracdes iniciais e objetivo, contexto
113 geoldgico simplificado, uma breve descricdo do estado da arte do método
114 utilizado, consideragdes finais e as referéncias utilizadas.

115 b) Artigo submetido ao Journal of South American Earth Sciences intitulado
116 “‘Architecture of Shelly Beach Ridges in a Sheltered Beach Environment
117 in Punta Perdices Beach, San Antonio Bay, Argentina” que apresenta os
118 resultados e conclusGes desta pesquisa (primeira versdo corrigida apés a
119 submisséo).

120 c) Anexo compreendendo a carta de submisséo do artigo.
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1. Introducédo e contexto geoldgico simplificado

A Baia San Antonio, localizada no setor norte do Golfo de San Matias
(Argentina), um importante golfo da plataforma argentina, € semifechada e possui uma
rede de drenagem dendritica formada por dois canais de maré (Fig. 1). Suas margens
apresentam proje¢cOes de terra em forma de barreira de areia que servem como
protecdo contra a energia vinda do Golfo, criando diferentes ambientes em toda a baia
(Carbone et al., 2007). Na face norte das margens, ha uma grande quantidade de
cristas de praia compostas principalmente por restos organicos que indicam uma

acumulacado em direcdo ao interior da baia.

A forma da Baia de San Antonio é influenciada pelas marés do Golfo de San
Matias e possui uma variedade de caracteristicas, como planicies de maré, cumes,
barreiras de areia, praias e dunas. O canal principal, junto com os canais de maré
secundarios, controla a dinAmica das aguas e das marés. A circulacdo da baia e do
golfo é afetada pelo regime de maré semidiurno, com uma amplitude de maré de cerca
de 9 m (Aliotta et al., 2000). O vento local, especialmente os ventos de oeste mais
frequentes, gera ondas de baixa amplitude, mas com alto angulo de incidéncia. A
presenca de uma frente termo-hialina caracteriza a maior parte do ano no golfo, e a
circulacdo é dominada por um spin ciclénico e dois spins anticiclénicos. As praias
dentro da baia sdo compostas principalmente por cascalho e conchas de moluscos e

bivalves, com depdsitos que datam do Pleistoceno e Holoceno.

Estudos recentes examinaram as caracteristicas geomorfolégicas ao longo da
costa norte do Golfo de San Matias e descreveram depdsitos costeiros que foram
identificados como provenientes de pelo menos quatro ciclos transgressivos. Entre
esses depositos marinhos, trés foram relacionados ao Pleistoceno e representam o0s
depdsitos interglaciais (MIS 9?, MIS 7, MIS 5e), enquanto o quarto ciclo transgressivo
foi atribuido ao Holoceno e ao interglacial 1 do MIS (Fucks et al., 2012b; Charg, 2013).

Em 1978, Angulo et al. distinguiram os depdsitos da Baia de San Antonio em
duas unidades estratigraficas: a Formacéo Baliza San Matias (Pleistoceno Superior)
e a Formacdo San Antonio (Holoceno), com base em sua morfologia, posicao
estratigrafica e grau de litificacdo. A Formacdo San Antonio foi descrita pela primeira
vez por Wichmann em 1918 como uma formagéo quaternaria, que foi identificada ao
longo da costa da Baia de San Antonio. A unidade mais terrestre da sequéncia
deposicional sedimentar do Holoceno é formada por cristas de praia que ocupam as

margens de San Antonio Este, e a Formacdo San Antonio as representa (Martinez et
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al., 2001). A Formacdo San Antonio € composta por cascalho arenoso, areia e
conchas abundantes, sendo as espécies mais comuns Glycimeris longior, Chlamys
sp., Piter rostrata e Crepidula protea (Angulo et al., 1978). Essa formacao gera praias
e cristas elevadas que atingem uma altitude de 15 a 20 metros acima do nivel do mar,
correspondendo ao Pleistoceno Superior/Holoceno, e cobertas por sedimentos
eolicos de diferentes espessuras (Fidalgo & Rabassa 1984; Gel6s et al., 1992). A
maioria dos clastos, com tamanhos que variam entre 2 e 5 cm (com diametro meédio
de 3 cm), € composta por basalto e porfiro e apresenta alto grau de arredondamento
e achatamento, caracteristicas tipicas do cascalho de praia (Angulo et al., 1978;
Fidalgo & Porro, 1981). A parte inferior dos depdsitos apresenta clastos de coloragéo
cinza a cinza-esbranquicada, enquanto a parte superior € cinza-marrom a marrom
(Fidalgo & Porro 1981).

As cristas de praia possuem padrbes deposicionais distintos, visto que sua
formacdo esta diretamente relacionada a posicdo geografica em relacdo a mudanca
do nivel do mar, a morfologia costeira e a plataforma de producdo de biomassa,
favorecendo a deposicao de conchas (Sanderson et al., 2000; Jahnert et al., 2012). A
alta produtividade bioclastica fornece ao substrato exoesqueletos de material
carbonatico, que sdo retrabalhados durante tempestades que atingem a plataforma
marinha e transportam conchas inteiras e fragmentadas para a costa e para a planicie
interna (Logan et al., 1974; Jahnert et al., 2012; Weil et al., 2013). Na regido de San
Antonio Este (Fig.1), os depdsitos bioclasticos presentes na praia de Punta Perdices
sao notaveis pela grande quantidade de conchas de bivalves de tamanho consideravel

e pela ampla extenséo da area abrangida.

O estudo da estrutura interna dos depdsitos bioclasticos ainda é pouco
explorado na literatura, no entanto, tornou-se um tema importante devido a sua
relevancia como representante de reservatorios de hidrocarbonetos. Diversos estudos
foram conduzidos com o objetivo de entender os processos sedimentares envolvidos
na formacao desses depositos e estabelecer padrées diagndsticos de sua estrutura.
Alguns desses estudos incluem a investigacdo de depoésitos anédlogos aos recentes

ou presentes no registro geoldgico, bem como simulacdes em laboratorio fisico.
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Figura 1: (A) Golfo de San Matias, Provincia de Rio Negro, Argentina; (B) Mapa de localizacéo da area de estudo:
Peninsula Villarino; (C) Mapa de localizagdo da Praia de Punta Perdices e seus detalhes morfoldgicos. Detalhe
para o Porto de San Antonio Este, um ponto de referéncia para estudos.
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2. Objetivos

Os objetivos deste trabalho consistiram, primeiramente, em analisar as cristas de
praia de Punta Perdices (Argentina) por imagens de satélite e entender o
comportamento do crescimento das cristas, seus truncamentos e extensao em relacéo
a deriva da Peninsula Villarino. Em conjunto com métodos geofisicos, o intuito do
projeto também abrangia a reflexdo das cristas de praia do pontal em profundidade,
para que se pudesse realizar uma interpretacdo do comportamento das camadas
internas dos sedimentos bioclasticos, seus elementos topograficos e
consequentemente entender a génese de sua construcdo. O trabalho também se
prop0s a realizar a datacdo dos bioclastos da &rea para validar os fundamentos que

geram as discussdes propostas.

3. Sintese da metodologia utilizada

Técnicas geofisicas, tais como o Radar de Penetracdo no Solo (GPR), tém sido
utilizadas para obter informacdes detalhadas sobre a estrutura interna dos depadsitos
de bioclastos em cristas de praia. O GPR € um método geofisico que utiliza reflexbes
de ondas eletromagnéticas para mapear a heterogeneidade do material no subsolo,
permitindo identificar a inclinacao angular da reflexao frontal da crista e obter imagens
continuas da estrutura sedimentar interna desses depdsitos. A utilizacdo do GPR tem
sido aplicada na reconstrucdo de ambientes de deposi¢cao antigos e na compreensao
dos processos sedimentares em diferentes ambientes, principalmente em estudos
analogos de reservatorios de hidrocarbonetos. Com o devido processamento dos
perfis de radar e a resolucdo adequada da pesquisa, as reflexdes primarias

geralmente apresentam paralelismo com a estrutura deposicional original.

Este estudo empregou, além do método eletromagnético GPR com uma antena
de 400MHz (Fig. 2), levantamentos topograficos com sistema GPS cinematico em

tempo real (RTK) com precisao de posicionamento horizontal de 50 cm.

E possivel identificar a inclinagdo angular da reflex&o frontal da crista por meio
deste método, com valores que variam dependendo da granulometria do sedimento,
como 1-2° em areia fina, 3—6° em areia grossa e 23° em cascalho, além da variacao
entre sets (Clifton, 2006; Tamura, 2012). O GPR gera, transmite, propaga, reflete e
recebe pulsos discretos de energia eletromagnética de alta frequéncia na faixa de
frequéncia mega-hertz (MHz = 106 Hz, 1 Hz = 1 ciclo/s).
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Figura 2: Aquisicdo dos perfis de GPR com antena de 400MHz nos depositos de bioclastos de Punta
Perdices, Argentina.

A aquisicao de perfis foi realizada por meio do imageamento de GPR de alta
resolucdo, resultando em vinte e trés perfis (Fig. 3) que foram posteriormente
analisados no software ReflexW para interpretacdo dos resultados. Com o intuito de
aprimorar o estudo, foram coletadas sete amostras superficiais de sedimentos nas
cristas de praia em Punta Perdices (Fig. 4), ao longo do perfil mais extenso (02L4F4),
para realizacdo de andlises sedimentoldgicas, paleobioldgicas e geocronoldgicas (Fig.
5).
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Figura 3: Disposi¢&o dos vinte e trés perfis de GPR obtidos em campo com antena de 400MHz.
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Os dados GPR foram processados no ReflexW verséao 8.5.6 usando o seguinte
fluxo de processamento: Staticcorrection; Subtracting average; Subtract-mean
(Dewow), Remove header gain; Energy decay; Fkfilter; Band passfrequency; Corrrect
3D topography; Time-depthconversion; Running average.

A aplicagdo de operadores matematicos no dominio da frequéncia permitiu a
remocdo de ruidos de baixa e de alta frequéncia do sinal, além de ter possibilitado o
balanceamento do espectro de frequéncia em torno da frequéncia central da antena
utilizada, no caso, 400 MHz. Além do mais, a etapa de correcdo topografica foi
fundamental para corrigir as distor¢cdes nas geometrias das feicoes de interesse desta
pesquisa, e a etapa de converséo de tempo em profundidade foi realizada utilizando-
se a velocidade 0,154 m/ns, calculada a partir da andalise de hipérboles encontradas
nos radargramas. Por fim, o ganho utilizado permitiu uma melhor visualizacdo dos
refletores de interesse, inclusive em areas onde ocorreram atenuacdes no sinal
eletromagnético.

As determinac¢des de idade dos isétopos foram realizadas por meio de analises
de %C estaveis no Laboratério de Espectrometria de Massas do Centro de
Radiocarbono de Vilnius para Ciéncias Fisicas e Tecnologia (Vilnius, Lituania),
utilizando um Espectrometro de Massa Acelerador de Estagio Unico (SSAMS, NEC,
EUA) e o equipamento Automated Graphitization Equipment AGE-3 (lonPlus AG). As
amostras, compostas por conchas coletadas na praia de Punta Perdices, foram
submetidas a tratamento com &acido fosférico, e para fins de referéncia, foram
utilizados os materiais IAEA C2, SIRI K e AIEA C7.
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Figura 4: Pontos de amostragem ao longo do perfil 02L4F4. Sete amostras foram coletadas para fins de
datacéo.

Figura 5: Sequencialmente, de (A) até (G), sdo fotos representativas dos locais de coletas de amostras, de PP01
a PPO7: (A) é a amostra PP01, amostra mais distante da costa (inland), e (G) a amostra PP07, mais costeira.

4. Sintese dos resultados e conclusdes

ApoOs o processamento dos dados no software ReflexW, os perfis foram
interpretados, respeitando as terminacbes dos truncamentos das camadas,
caracterizando a assinatura do registro GPR de materiais bioclasticos com
terminagfes tipicas para este tipo de material sedimentar. Na figura 6 pode-se
observar um detalhe do perfil PPL10F10, em que uma caracteristica beach ridge de
Punta Perdices € constituida, com depdsitos de foreshore e washover, em que a

descontinuidade dos refletores é claramente identificada.
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O perfil 02L4F4 (Figs. 7, 8 e 9) transpassa 0s sete sets de beach ridges que
foram identificados pelos truncamentos em imagem de satélite. Ja o perfil 02L1F1
(Figs. 10 e 11) transpassa por apenas 0s quatro sets mais recentes de beach ridges.
Essas interpretacdes, unidas as data¢cfes de diferentes idades, corroboram para as
propostas de hipoteses de diferentes areas-génese dos bioclastos que constituem a
praia em estudo, além de entender a area como um terraco marinho-costeiro por

causa da homogeneidade das cotas das cristas na mesma posicao do nivel do mar.

Landward deposits

Seaward deposits

/’/‘
¥

PPL10F10

Figura 6: Detalhe de beach ridge do perfil PPL10F10. Neste detalhe séo caracteristicos os depdsitos de washover,
a crista de praia e depdsitos de foreshore.



11

e

/
AN
7

SRR
ARSI
ST
S

24
R

O N
o0 ©0
N N

Radargrama do perfil 02L4F4 interpretado (parte 1).

Figura 7



12

e
et

0 O
o0 ©0
N N

interpretado (parte 2).

Radargrama do perfil 02L4F4

Figura 8



13

ST
SEIN

SRRS

290
291

Radargrama do perfil 02L4F4 interpretado (parte 3).

Figura 9



292
293

Profurdidade (m}; v=0 15¢ m

il

a0y
)

o
).

/2/

i
7//

)7
)

/i

Figura 10: Radargrama do perfil 02L1F1 interpretado (parte 1).

i

(1) e

14



294
295

fy l.n“\
PRI T LA
) g
0

WY ¢
]

{1
Vil ) 0

4
‘“»

W pg} 0= (W) EpepipUNOId

Figura 11: Radargrama do perfil 02L1F1 interpretado (parte 2).

00z

15



296

297

298
299

300
301
302

303

304
305

306
307

308
309

310
311

312

313

314

315
316
317
318
319
320
321
322
323
324
325

16

5. Artigo submetido

Architecture of Shelly Beach Ridges in a Sheltered Beach Environment in Punta

Perdices Beach, San Antonio Bay, Argentina

Paula N. M. Schffer'?*, Elirio E. Toldo Jr?, José Carlos Rodrigues Nunes'?, Cristiano
Fick}2, Francisco Pinheiro Lima-Filno?, Salvador Aliotta®, Eduardo Puhl?, Jodo

Andrade dos Reis Junior 4, Elis Figueiredo Oliveira®

1Centro de Estudos de Geologia Costeira e Oceanica, Instituto de Geociéncias,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brasil

2Programa de Poés-Graduacdo em Geociéncias, Instituto de Geociéncias, Porto

Alegre, Brasil

3Departamento de Geologia, Universidade Federal do Rio Grande do Norte, Natal,

Brasil

4Departamento de Geologia, Universidad Nacional del Sur, San Juan, Bahia Blanca,

Argentina

SUniversidade Federal Rural da Amazénia, Capanema, Brasil
SUniversidade de S&o Paulo, Instituto de Geociéncias, S&o Paulo, Brasil
Abstract

On the northern coast of the San Matias Gulf, Argentina, San Antonio Bay is
developed, with an approximate area of 160 km2. The region has a diversity of
depositional systems, both inside and outside the bay, morphologically represented by
the deposits of plains and tidal channels, beach ridges, beaches and dunes. In this
environment relatively protected by the Villarino Peninsula, against the high energy of
waves coming from the gulf, the circulation of water is governed by a regime of
semidiurnal macro-tids with syzygy amplitudes of up to 9 m, which enter through the
single channel, communicating the bay to the ocean. The edges of the Villarino
Peninsula have a large number of beach ridges, in the form of modern and extensive
deposits of bioclasts, where bivalves with whole, fragmented and gastropod valves

predominate. The objective of this work is the development of models of depositional
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architecture of the coquinas of the Villarino Peninsula, through terrain mapping (DGPS)
and acquisition of lines by ground penetration radar (GPR), in addition to
understanding the Holocene-modern sedimentary dynamics of this region. Surveys
with GPR were carried out in the sector of Punta Perdices Beach in the Peninsula
Villarino sectors of bioclastic deposits, in a total of 23 GPR lines, where there are
several sets of beach ridges (Holocene) with an average width of 100 m, which extend
for more than 1 km, located in the sheltered area of the bay. The processed and
interpreted GPR data were used to investigate the lateral and vertical relationships of
the facies, the depositional geometries and geophysical signatures, developed by
progradation mechanisms induced by the hydrodynamics of waves and tides. The
genesis of these extensive and abundant deposits of bioclasts are discussed, mainly
due to the macro tide regime of the region and the drift of the semicircular bay.
Depositional models of coquinas in Pleistocene, Holocene and modern beach
environments are scarce in the literature, and the results obtained will possibly be

analyzed compared to hydrocarbon deposit analogues.

Keywords: beach ridges, bioclasts, prograding sheltered area
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1. Introduction

Beach ridges, defined by Otvos (2000), are linear shapes parallel or subparallel
to the coastline, generally constituted by siliciclastic or limestone sediments with
varying dimensions. A sequence of beach ridges, together with their subsurface
deposits, can be considered a time series for understanding coastal evolution (Tamura,
2012), and can act as indicators of the position and shape of the paleo coast and of
possible sea level fluctuations (Tanner & Stapor, 1971; Mason & Jordan, 1993; Otvos,
2000; Tamura et al., 2008; Tamura, 2012; Billy et al., 2014). Beach ridges can be found
and identified in several locations such as Australia (Jahnert et al.,, 2012), North
America (Thompson & Baedke, 1995; Tanner, 1995), East Africa (Anthony, 1995) and
South Brazil (Hein et al., 2013).

The sequences of beach ridges are frequent components in the quaternary
coastal plains. The Quaternary is characterized by global climatic oscillations and
consequent transgressive and regressive events in coastal areas (Rohling et al., 2008;
Char¢ et al., 2014), which promotes the development of these forms which, mainly
caused by the action of waves, are associated with coastal processes in which
sedimentary deposition occurs (Stapor, 1975; Otvos, 2000; Tamura, 2012).

The beach ridges are coastal morphologies that represent past sea levels
(Fucks & Schnack, 2011) and the beaches of Bahia San Antonio, Argentina, present
a series of these coastal ridges that stand out for several particularities such as
frequent recurrence, almost entirely bioclastic composition and, above all, to the
extensive area in which the ridges are highlighted (Aliotta et al., 2000; Carbone et al.,
2007; Fucks & Schnack, 2011). These crests form a long system of coquinas, basically
composed of bivalve and gastropod valves, in addition to sandy gravel (Fucks &
Schnack, 2011; Charo et al., 2014). As demonstrated in recent studies of isotopic
marine stages (MIS) of transgressive and regressive events and stratigraphic
correlations in the area, this system was built from the systematic accretion of shells
as beach strands from the Pleistocene to the Holocene (Rutter et al., 1989, 1990;
Fucks & Schnack, 2011; Charo et al., 2014; Kokot & Favier-Dubois, 2017).

The strands of coquinas exhibit peculiar depositional patterns, since they are
linked to a specific geographical position in relation to the change in sea level, coastal
morphology and platform (biomass production area) which favors the deposition of
shells (Sanderson et al., 2000, Jahnert et al., 2012). The high bioclastic productivity
provides the substrate with exoskeletons of carbonate material that are subject to

rework, mainly during storms, which sweep the marine platform and transport entire
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and disjointed shells to the coastline and also to the inner plain (Logan et al., 1974,
Jahnert et al., 2012; Well et al., 2013).

The investigation of the internal architecture of the coquina deposits is an
incipient topic in the literature. However, recently these deposits have become
important objects for the geological study since they became a significant
representative for hydrocarbon reservoirs (Jahnert et al., 2012; Chinelatto et al., 2018;
Oliveira et al., 2019; Rigueti et al.,, 2020). Studies related to coquina deposits
analogous to the recent (Jahnert et al., 2012; Billy et al., 2014) or geological record
(Tavares et al., 2015) and physical laboratory simulations (Thompson & Amos, 2002;
Weil et al.,, 2013; Fick et al., 2018 and 2021), have been carried out to gather
information that allows a better interpretation of the sedimentary processes active in
the generation of coquinas, as well as to establish diagnostic standards of degree of
rework, orientation and organization of the shells and sedimentary structures.

Such advances in the methodology include the application of the Ground
Penetrating Radar that allows a detailed paleoenvironmental reconstruction of the
coquina deposits on beach ridges (Weil et al., 2012, 2013; Tamura, 2012). GPR is a
geophysical method that uses the reflection of electromagnetic waves due to the
dielectric properties of the material's heterogeneity in subsurface. This method is
effective in obtaining a continuous image of the internal sedimentary structure of these
deposits (Tamura, 2012; Billy et al., 2014), since it is possible to identify the angular
slope of the paleo-beachface, with values of approximately 1 —2° in fine sand, 3-6° in
coarse sand and 23° in gravel, in addition to the variation between sets (Jol et al., 1996,
Clifton, 2006; Tamura, 2012).

Progradation is the diagnostic depositional trend for regressions, and is defined
as the building forward or outward toward the sea of a shoreline or coastline by
nearshore deposition by continuous accumulation of beach material thrown up by
waves or moved by longshore drifting (Bates and Jackson, 1987). A regression is
defined as the seaward migration of the shoreline. The marine water near the shoreline
is shallow in response to this migration, which also causes a comparable seaward shift
in sedimentary facies (Catuneanu, 2002). Regressions cause progradational stacking
patterns, such as the movement of nonmarine facies toward and on top of marine
facies. As sedimentation rates outpace the slow rates of base level rise at the

shoreline, normal regressions happen in the early and late stages of base level rise. In



412
413

414
415
416
417
418
419
420

421

422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438

20

this instance, aggradation is accompanied by sediment bypass, the newly formed

accommodation is completely eaten by sedimentation, and progradation takes place.

In order to investigate the hydrodynamic agents that control the high concentration of
shells and the consequent formation of the beach ridges, this article presents a study
on the architecture of these deposits in Bahia San Antonio, Argentina, which expose
bioclastic components. This study employed an electromagnetic geophysical method,
Ground Penetrating Radar, kinematic topographic surveys in real time (RTK-GPS) and
sample analysis and radiocarbon dating. Based on these methods, the objective is to

interpret the mechanisms responsible for the genesis and migration of this features.

2. Regional setting

San Matias Gulf, one of the most important Patagonian gulfs of the Argentine
platform (Fig. 1A), has a semi-closed river basin of 17,000 km?, with a depth of around
200 m, bathed by the Atlantic Ocean and in its northern sector the San Antonio Bay
develops (Fig. 1). This semi-closed bay is truncated by two important tidal channels
generating a complex network of dendritic drainage. It covers a surface of 160 km?2
(Fig. 1B) and has a tidal range of 8 m, this semicircular bay presents land projections
in sand barrier forms in both shores (San Antonio Este and San Antonio Oeste). These
sand barriers serve as a protection against the strong energy prevenient from San
Matias Gulf, resulting in different environments across the bay (Carbone et al., 2007,
Char6, 2013). In the north face of both coastal arrows, some sectors present an
important number of beach ridges attached to each other. They are basically
composed by organic remains, evidencing in both cases a sense of accumulation
towards the interior of the bay (Fucks & Schnack, 2011). The beach ridge system
studied in this paper consists of crests that are concentrated specifically on Punta
Perdices beach located in San Antonio Este (Fig. 1C), that is an estuarine system
placed on northwest of San Matias Gulf, Argentina (40°42°/40°50’ S 64°43’/65°07’ O)
(Fucks, & Schnack, 2011, Charé, 2013, Kokot & Favier-Dubois, 2017).
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Figure 1. (A) San Matias Gulf, Rio Negro Province, Argentina; (B) Location map of the study area:
Villarino Peninsula; (C) Location map of Punta Perdices Beach and its morphological details surrounding

it. Detail for San Antonio Este Port, a point of reference for studies. Basemap from ArcGIS software.

The morphological configuration of San Antonio Bay is controlled by the tidal
activity of San Matias Gulf, and integrates tidal flats, ridges, sand barriers, beaches
and dunes. The dynamics of the marine waters and tidal in this system is dominated
by the principal channel which brings together a series of secondary tidal channels
(Carbone et al., 2007). A semidiurnal tidal regime, with spring ranges of about 9 m (Fig.

2D), is the main circulation factor between the bay and gulf (Aliotta et al., 2000). Also,
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to these authors, the more important morphological features in the bottom are the
presence of intertidal banks attached to the main channel and the asymmetry of the
ebb tidal delta resulting from the interactions of waves coming from the east and wind-
driven currents from the west. Inside the bay, in situ observations, during field surveys
in the study area, revealed the importance of waves generated by local winds, mainly
those more frequent from the west, in the generation of waves of small amplitude, but

with a high angle of incidence.

The analysis of the wind’s frequency at the northern part of San Matias Gulf by
Fucks et al. (2015), relates the maximum average wind speeds correspond to the
winds coming from the S and W (24 km/h), SW (22 km/h), SE (20 km/h). These
conditions of atmospheric circulation induce the incidence of local waves from the west
to Punta Perdices region, favoring the longshore drift to NE due to the SW-NE
alignment of the beach. Most part of the year, the gulf is characterized by the presence
of a thermo hyaline front that separates the warm and saline waters of the northern
sector, from the colder and less saline ones, which enter the southern sector (Piola &
Scasso, 1988; Chard, 2013). A dominant feature of the Gulf of San Matias circulation
is the presence of a cyclonic spin that occupies almost its entire surface and two
anticyclonic spins to the south controlled by the action of the wind (Tonini et al., 2007;
Chard, 2013). Beaches developed on coastal spores within San Antonio Bay have
steep slopes of approximately 15-20° and are composed almost entirely of thin and
medium gravel and shells of mollusks, observed for newly formed storm cords. These
gravels are composed mainly of quartz, basalt, andesite, riolith, sandstone and tuft.
They are well rounded and possess high flattening index and have been transformed
from Pleistocene and Holocene deposits (Fucks & Schnack, 2011).

Recent studies analyzed geomorphological features along the northern coast of
San Matias Gulf and described coastal deposits attributed to at least four transgressive
cycles. Among these marine accumulation, three of those were attributed to the
Pleistocene represent the Interglacial deposits (MIS 9?7, MIS 7, MIS 5e) and the
Holocene to Interglacial MIS 1 (Fucks et al., 2012b; Char6 2013).

Angulo et al. (1978), differentiate the deposits of San Antonio Bay into two
stratigraphic units: Baliza San Matias Formation (Late Pleistocene) and San Antonio
Formation (Holocene), based on morphology, stratigraphic position and degree of
lithification. In 1918 Wichmann was the first to describe San Antonio Formation

deposits, assigning them to a Quaternary formation, recognizing it on the outskirts of
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the coast of San Antonio Bay. The coquina ridges are the most terrestrial unit of the
Holocene sedimentary depositional sequence that occupies the margins of San
Antonio Este, and the San Antonio Formation represents them (Martinez et al., 2001).
The San Antonio Formation is composed of sandy gravel, sand and abundant shells
(Fig. 2E). The most frequent species are Glycimeris longior, Chlamys sp., Piter rostrata
and Crepidula protea (Angulo et al., 1978). This formation generates elevated beaches
and ridges up to an altitude of 15 to 20 meters above sea level corresponding to the
Upper Pleistocene/Holocene, covered by aeolian sediments of different thickness
(Fidalgo & Rabassa 1984; Gelés et al., 1992). The majority of the boulders are
composed by basalt and porphyry, have sizes ranging between 2 and 5 cm (with an
average diameter of 3 cm), and present a high degree of rounding and flattening,
characteristic of beach gravel (Angulo et al., 1978; Fidalgo & Porro, 1981). The lower
part is gray to whitish-grey, and the upper part, somewhat siltier, is brown gray to brown
(Fidalgo & Porro 1981).

3. Methods and equipment

The methodology used to elaborate this paper first consisted in mapping the
area of Punta Perdices using topography maps. Using ArcGIS software, and with these
materials, it was possible to map the ridge system in the area. This material was
employed to identify the different geomorphological features in order to establish the
proper places to observe in the field.

In the field, the main objective was visiting the pre-selected points, recognize
new interest areas and acquire the GPR profiles. The acquisition of transects were
obtained by a high-resolution GPR imaging, resulting in twenty-three profiles, that were
worked in ReflexW software to following interpretations. In order to enhance this study,
seven surface sediments were sampled at beach ridges in Punta Perdices, through
the longest profile. Samples were collected for sedimentological, paleo biological and

geochronological determinations.
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Figure 2. (A) Cut of outcrop in which the planar organization of the shells is observed in
addition to the presence of some pebbles of igneous origin with dark coloration; (B)
Geophysical survey with 400MHz antenna; (C) Beach crests can also be distinguished by
the color difference and in this photo the RTK GPS survey; (D) Transversal view of the
foreshore, and one can observe the low tide and how the tidal channels behave during the
day; (E) Detail of the shells, which have light coloration, which compose the sediment of
the beach and often exceed 10 cm in length; (F) Longitudinal view of Punta Perdices and
San Antonio East Port in the end of the beach.

3.1Ground Penetrating Radar

In addition to topographic surveys with Real Time Kinematic GPS system (RTK)
(Fig. 2C) with a horizontal positioning accuracy of 50 cm, this study used an
electromagnetic geophysics method, the Ground Penetrating Radar (GPR) with one
antenna of 400MHz (Fig. 2B).

The GPR is a geophysics method that uses the reflection of electromagnetic
waves from the dielectric properties of the subsurface material heterogeneity, and is
often used to obtain images from clastic deposits, since it is possible to identify the
angular slope of the frontal reflection of the ridge, with values of approximately 1-2° in
fine sand, 3-6° in coarse sand and 23° in gravel, in addition to the variation between
sets (Jol et al.,, 1996, Clifton, 2006; Tamura, 2012). It does this by generation,
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transmission, propagation, reflection and reception of discrete pulses of high-
frequency electromagnetic energy in the megahertz (MHz = 106 Hz, 1 Hz = 1 cycle/s)
frequency range.

The GPR have been used to reconstruct past depositional environments and
the nature of sedimentary processes in a variety of environmental settings and mostly
to assist in hydrocarbon reservoir analogue studies. Using a correctly processed radar
profiles and at the resolution of a survey, primary reflections usually parallel primary

depositional structure.

The GPR data were processed in ReflexW version 8.5.6 using the following
processing flow: Staticcorrection; Subtracting average; Subtract-mean (Dewow),
Remove header gain; Energy decay; Fkfilter; Band passfrequency; Corrrect 3D
topography; Time-depth conversion; Running average. The application of
mathematical operators in the frequency domain allowed the removal of low and high
frequency noises from the signal, besides having made it possible to balance the
frequency spectrum around the central frequency of the antenna used, in this case,
400 MHz. and the step of time-to-depth conversion was performed using the speed
0.154 m/ns, calculated from the analysis of hyperbolas found in the radargrams.
Finally, the gain used allowed a better visualization of the reflectors of interest,
including in areas where attenuations occurred in the electromagnetic signal.

3.2Radiocarbon Dating

Isotope ages were obtained by 4C stable using analytical procedures of the
Mass Spectrometry Laboratory of the Vilnius Radiocarbon Center for Physical
Sciences and Technology (Vilnius, Lithuania). The equipment used for analysis was a
Single Stage Accelerator Mass Spectrometer (SSAMS, NEC, USA), Automated
Graphitization Equipment AGE-3 (lonPlus AG) and the method of analysis were
consisted in samples (containing shells collected from Punta Perdices beach) that
were treated by reacting with phosphoric acid. IAEA C2, SIRI K and IAEA C7 were

used as reference materials.

4. Results

Villarino Peninsula has beach ridges are characterized by pebbles of
volcanic igneous rocks and sand dunes besides the high shell’s concentration. The

volume of these pebbles increases as we move towards the sea and, advancing
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towards the land, the oldest beach ridges are partially covered by dunes. These
deposits belong to the Holocene (Interglacial MIS 1) and were generated during a
marine regression after a transgressive maximum in the middle Holocene (Charé
et al., 2014; Favier-Dubois et al., 2009). In the field, in the Punta Perdices region,
23 GPR profiles were acquired, processed using the ReflexW software, and divided
into the Regular Mesh (02L1F1 to 02L10F10) and Dense Mesh (PPL1F1 to
PPL13F13), which was used to investigate the lateral continuity of beach ridges
(Fig. 3). The Regular Mesh has 10 profiles that range from 150 m to 350 m in length,
covering sand dunes deposits and beach ridges; while Dense Mesh has 13 profiles
with a range between 60 m to 91 m that are disposed between the profiles of
Regular Mesh.

The topographic elements that make up the beach ridges are presented in Table
1. Allthe GPR profiles succeeded to image the Punta Perdices shell deposits and the
electromagnetic signal was able to penetrate up to 8 m deep into the ground. Profile
02L4F4 of the spaced mesh (set A) is the longest one (346 m long) and has
approximately 48 identified beach crests. Other profiles of set A are on an average of
210 m and 23 beach ridges. Set B has a pattern that is repeated in the 13 profiles: an
average of 80 m long and 13 beach crests. A notable issue to considerate is the high
dip angle of the reflections. The average angle follows a pattern in all 23 profiles:
27.59°. The amplitude of swale-ridge has an average of 0.64 m. The high angle of the
layers and the amplitude of the swale-ridge reaching up to 1.5 m, as seen in the
radargrams, reflect the importance of tidal amplitudes, which can be amplified during
storm events, even inside the bay. The profiles showed deposits of prograding tabular
bodies which indicate sharp contacts exposing angular unconformities between each
one of them.

The vertical height of the wave oscillation over the foreshore (swash surge) and
the elevation of the berm crest are often equal, and in this study, is presented in an
average of 3.0 m high. The next inland ridge may be affected if the swash is strong
enough to carry coarse gravel together with water and smaller particles that wash up
even over the berm and crest. High-tide berms may be eroded and redeposited over
the course of a storm, lasting anywhere from minutes to hours (Scheffers et al., 2011).
The high bioclastic productivity provides the substrate with exoskeletons of carbonate
material that are subject to reworking (Logan et al., 1974; Jahnert et al., 2012; Weil et
al., 2013), especially during storms, which sweep across the marine shelf and transport
whole and disarticulated shells to the shoreline and also to the inland plain.
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Figure 3. Location map of the geophysical survey (ArcGIS basemap processed image). Orange lines
represents the location of GPR profiles. The yellow lines represent the tracing of beach ridges crests, and the

blue lines the demarcation of the beach ridges sets. In the northern part of the area, the end of the biodetritic

spit is observed.
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The sets in Punta Perdices are classic and feature the main morphology of
beach ridges: foreshore deposits, ridges and washover elements (Fig. 4). The part of
the beach where wave energy is absorbed by the land is called the foreshore. Granular
particles are dispersed and shifted by the energy of waves and coastal currents,
sculpting the shoreline. The foreshore is one of the most dynamic parts of the shore
because of the patterns of erosion and accretion that result (Clifton, 2005). Foreshore
deposits in Punta Perdices are classical, lie within an intertidal zone subject to the
swash and backwash of the waves. Foreshore sediments are typically very well sorted
— in this case all represented by shells - and characterized by planar lamination (Fig.
4) and Punta Perdices’ radargrams presented these deposits parallel or sub-parallel.
This fact could be observed in beach clippings in outcrops of the Porto region, in which
the rock cutting exposures were visible (Fig. 2A).

Washover elements were also visible through radargrams (Fig. 4), which are
deposits made as a result of the sediments being overwashed. They have been
described as the continuation of the swash sudden increase over the crest of the
landward berm in high-energy circumstances by Leatherman (1987). Many variables,
including as the rate of bioturbation, the frequency of overwash, the thickness of the
units, and the magnitude and pace of sea level change, affect the preservation
potential of individual storm units and the washover facies. After reworking,
differentiating individual units and subfacies is more challenging than identifying the
facies. The height of the storm surge, the height of the waves, the degree of overwash
flow restriction, and the elevation of the barrier all have a significant impact on the

hydraulic conditions during overwash episodes (Ritchie and Penland, 1990).
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Radar facies Interpretation Description

- Profile PPL2F2: reflections of medium
to large amplitude signal;

- Reflections are continuous to
seaward;

- Foreshore deposits are indentified

- Profile PPL1F1: reflections of medium

to large amplitude signal, relatively
discontinuous;

- Reflections are continuous to seaward
but on top of crests landward layers are
notable;

- Foreshore deposits, ridges and washover
deposits are indentified;

- Onlaps in inside layers

- Profile 02L1F1;

- Reflections are continuous and planar
lamination;

- Foreshore deposits, ridges and washover
deposits are indentified;

- Toplaps and truncations are the most
recurrent forms along the profile

- Profile 02L1F1: reflections of large and
continuous amplitude signal;

- Reflections are continuous;

- Foreshore deposits, ridges and washover
deposits are indentified;

- Onlaps

Figure 4. Synthesis of radar facies features of the area (reflector pattern, description and interpretation).

All these elements, in addition to the concentration of more than 3.0 m high (Fig.
5B) of shells in the west spit of Punta Perdices, contribute to observations that lead to
a field observation: the progradation morphology of the terrain into north general

direction.

Figure 5. (A) San Antonio Este Port; (B) Shell buildup and 3 m high spit growth in Punta Perdices due to continental

drift and eroded cliffs in San Antonio Este Port.
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Table 1. Synthesis of beach ridges features, sedimentary and topographic characteristics of all GPR profiles in

Punta Perdices.

Distance Dip Angle
Size of Approx. Ridge Amplitude
Profile Profile Number of setween Elevation of Swale- °f PR
_ Individual ) Reflections
(m) Ridges Ridges (m) m) Ridge (m) )

02L1F1 206.0 26 7.92 3.00 0.92 25.80
02L2F2 281.0 32 8.78 3.00 0.67 26.71
02L3F3 247.0 25 9.88 3.00 0.68 26.26
02L4F4 346.0 48 7.21 3.50 0.75 27.35
02L5F5 203.0 20 10.15 3.50 0.88 28.21
02L6F6 219.0 21 10.43 3.50 0.68 28.17
02L7F7 260.0 31 8.39 3.50 0.19 28.15
02L8F8 183.0 25 7.32 3.00 0.76 26.26
02L9F9 150.0 17 8.82 3.00 0.64 25.14
02L10F10 151.0 15 10.07 3.50 0.59 30.09
PPL1F1 63.8 7.09 2.50 0.78 28.54
PPL2F2 65.0 8 8.13 2.50 1.50 29.32
PPL3F3 68.2 10 6.82 2.50 0.51 30.06
PPL4AF4 729 8 9.11 2.50 0.47 28.34
PPL5F5 75.8 8.42 2.50 0.44 28.97
PPL6F6 78.4 13.07 5.00 0.72 24.74
PPL7F7 804 8 10.05 2.50 0.49 27.32
PPL8F8 81.7 12 6.81 2.50 0.51 26.95
PPLOF9 84.7 10 8.47 2.50 0.50 29.40
PPL10F10 86.4 11 7.85 3.00 0.41 24.97
PPL11F11 89.0 8 11.13 2.50 0.58 28.51
PPL12F12 91.0 10 9.10 2.50 0.47 26.14
PPL13F13 909 8 11.36 2.50 0.51 29.15

Beach ridges can be analyzed through sets that are represented in figure 3.

Such sets are differentiated by plan view in satellite image analysis of the behavior of

each ridge, and what is noted is that the truncations between ridges are the
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identification key of the sets. In the study area, seven sets of beach ridges were
observed (Fig. 3).

The slopes observed in the profiles were notable for their high angle
presentation—an average of 27.5°—which made them intriguing. Mason and Jordan
(1993) stated that ridges of coarse material (pebbles, cobbles, boulders) are usually
steeper than those consisting of sand, which corroborates the sedimentary material
that make up the ridges of Punta Perdices, shells of coarse size.

Samples collected along the 02L4F4 profile were sent for carbon 14 dating
(Table 2). The results showed that these beach deposits are Holocene, including the
most landward ridge (Fig. 3). The result of sample PP03 is debatable, since this ridge,
evaluating the result of the dating, appears to be younger than its posterior ridge.
Therefore, the different ages measured by the 14C method demonstrate that biodetritic
gravel sources have different ages. The results are given in years before 1950
(radiocarbon age BP). The uncertainty in the age determination is given +/- one
standard deviation. All radiocarbon ages are corrected for isotopic fractionation using
the measured 13/12-ratio. The radiocarbon ages must be translated to calibrated

radiocarbon years.

Table 2. Results of analysis of 1*C Dating of Punta Perdices’ samples.

Sample Dating by C4(BP) pMC

PPO1 4344427 58.22+0.20
PPO02 3388127 65.59+0.22
PPO3 2852126 70.11+0.23
PP0O4 3964128 61.05+0.21
PPO5 3376126 65.68+0.22
PPO6 3142+26 67.62+0.23
PPO7 2959125 69.18+0.22

5. Discussion
5.1Beach ridge architecture and evolution
Punta Perdices’ beach ridges are above all, shell banks composed by
allochthonous shells, transported through inside the bay. As demonstrated in recent

studies of marine isotopic stages (MIS) of transgressive and regressive events and
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stratigraphic correlations in the area, this system was built from the systematic
accretion of shells as beach ridges from the Pleistocene to the Holocene (Rutter et al.,
1989, 1990; Fucks & Schnack, 2011; Charo et al., 2014; Kokot & Favier-Dubois, 2017).

Rutter et al. (1989), typified San Antonio Bay as a macrotidal environment and
in 2009 the Naval Hydrography Service confirmed that the macrotidal characteristics
of the bay produce daily changes in sea level that range between 6 and 9 m in
amplitude. This difference in sea level determines that the entire surface of San
Antonio Bay and the adjacent coasts are flooded twice a day (Fucks, 2011). These
deep daily tidal changes associated with rapid currents transport disarticulated and
articulated shells and its fragments to the nearshore areas from the offshore San
Matias Gulf. These sediments, some of which may be reworked from older submerged
marine deposits or have an outlying origin, are mostly composed by gastropods and
bivalves. As a sheltered area, Punta Perdices does not suffer much influence from the
force of large waves, but storm events also are sufficient to drive the entry of bioclastic
substrate for the construction of extensive shell banks reworking sediments offshore
and onto shore above sea level (Rutter et al., 1989).

The mechanism of evolution of the beach ridges is generated from the unique
tides and currents of the San Matias Gulf. During severe storms, shell bank
accumulation is susceptible to wave and current reworking, which occasionally causes
the transfer of broken shells and shell pieces inland. The shell banks are composite
structures made of shells that have been transported, some of which may have been
repurposed from earlier buried marine deposits. As a result, marine shells discovered
in sediments formed in connection with mesotidal conditions may have been deposited
several meters above or below the paleo-sea level or may be earlier submerged units
that have been reworked. But the origin of the big contribution of shells to Punta
Perdices that generates the continuous growth of the spit has its origin in specific points
of the seashore in Villarino Peninsula (Fig. 6). Along the coastline, it is possible to
observe the occurrence of eroded cliffs up to 3.0 m high, mainly in the region close to
San Antonio Este Port (Fig. 5), where these cliffs, composed of the same bioclastic
material as the Punta Perdices banks, show signs of erosion caused by the intense
and continuous crashing of waves, which causes the dissociation of the sediment.

The movement of currents within the bay carries this bioclastic sediment to the
Punta Perdices region (Fig. 6), which presents a spit increase every year — with a
general progradation to the north. Schenk et al. (2022) developed observations of the
geomorphological evolutionary behavior of the beaches in Villarino Peninsula and the
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study showed that over the analyzed period (1986 — 2020) the accumulation of shells
suffered a progradation of 20.2 m, without no phase of retrogradation, while the Port
section experienced oscillations of progradation and retrogradation. Thus, the
interpretation of the origin of the shells that form the beach ridges is supported by
confirming that the same sedimentary substrate in retrograded regions of the peninsula
feed the spits and crests, and the dynamics of longshore drift that occurs clockwise on

the peninsula contributes to this accumulation of shells in Punta Perdices (Fig. 6).

After processing the GPR profiles acquired in the field at Punta Perdices, it was
possible to analyze features such as sand dunes (characteristics of more distal
locations), washover deposits and beach ridges. These layers are produced during
strong storms, transporting, by the hydrodynamics of the region, the sediments that
are allocated in the bay. Tabular bodies are characterized by parallel/subparallel
oblique internal geometry. The dislocations present themselves mainly as prograding
onlaps, built by destroying the anterior ridge. Based on the model of interpretation of
radarfacies in coastal environments by Figueiredo et al. (2021), the following patterns
can be observed in the profiles of Punta Perdices (Detail of fig. 6 and Table 1): Facies
inclined towards the sea (foreshore), indicating prograding deposits; Facies tilted to
the continent, indicating washover layers; Horizontal planar facies indicating beach

ridge deposits and washover.

For fine sand to gravel, dip angles from beach ridges range from 1° and 23°
worldwide. Billy et al. (2014) reinforces that often beach-face angles tend to increase
with increasing grain size, and in this research foreshore deposits have a high-angle
seaward-dipping lamination (27.5° - average). The dip of the layers for landward are
identifiable and present with a dip-angle smaller than the layers for seaward. The
difference between landward deposits for foreshore deposits is large, the dip angle for
landward has lower incidence in all profiles and an average of 19.5°. Observing the

average distance between individual ridges, every 9 m a new beach crest.

The seven sets of beach ridges identified by truncations in satellite images (Fig.
3) bring to light discussions on how this coastal environment is being built, and how
changes in seasonal patterns of atmospheric circulation impact on changes in local
wave energy flows. The constant change of angle of progradation of the shoreline,

verified by the truncation of sets, can be determined by bathymetric control at the
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bottom of the Bay of San Antonio, through which the incident waves propagate in the

Peninsula Villarino.

Recurved Spit

P Punta Perdices

Punta Villarino

T San Antonio > '-d"”;w‘?{d % Seaward
o eposits /,,\ deposits
. __Este Port 7 -

5216 - N i et
‘*-1,.;_\‘/ - ,\:\\\\\

PPL10F10

Figure 6. Adapted image of Isla et. al (2022), modified for this paper. Isla et. al (2022) proposes a classification of
beach ridge systems and the deposits of Punta Perdices are classified as "flying, bay-mouth and tombolo spits", in
which the built of recurved spits is related to the rate of sediment supplied by the littoral transport system but also
to the frequency of erosional/cannibalization processes. In the detail, at the bottom right, part of the profile
PPL10F10 represents the elements of the ridges: foreshore deposits, crest and washover deposits.

Along the open Patagonian coast and its exposure to the waves of the Atlantic
Ocean, beach ridges have well sorted, coarse-clastic (granule-sized to boulder-sized)
sediment layers with numerous matrix-free, frequently reverse graded gravel beds.
Independent of wave-energies, they all have a large scale cross bedded interior,
whereas the gravel layers dipping mostly at high angles of 10-15° seawards. This
cross bedding mirrors the gradual seaward progradation of the beach line. These
beach ridge systems are regressive forms deposited during stagnating sea level or,
more exactly, these sediments were deposited during similar surf level of storm waves
(Catuneanu, 2002).

Surface relief of beach ridges becomes less undulated with decreasing wave-
exposure of the beach to the ocean waves (Schellmann & Radtke, 2010). In wave-
protected environments, the height difference between modern storm deposits and the
highest tide level is reduced to 1 m or less, flat littoral terraces are developed instead
of beach ridges, and layers of sands or sandy gravels dominate instead of coarse
gravel. For emerging coasts like the Patagonian Atlantic coast, significant differences
in surface elevations of Holocene beach ridges or littoral terraces may be pre-
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dominantly the result of glacio-isostatic or eustatic driven changes of sea level, but

they also may be the result of variable periods of coastal progradation and retreat.

Beach ridge systems and littoral terraces are storm deposits. Their surface
elevations are thus, apart from high tide level, predominantly dependent on the heights
and extensions of storm waves and on the wave-exposure of the coastal site. In this
respect, the beach ridges and littoral terraces are relatively inaccurate indicators for
sea-level reconstructions (Schellmann & Radtke, 2010). Punta Perdices' beach ridges
set can be interpreted as a coastal terrace. The surface morphology is characterized
as relatively flat and can be interpreted as a depositional unit generated by the same
average sea level. The results of the average height of beach ridges in Punta Perdices
(Table 1) are very similar — an average of 3.0 m — indicating that beach ridge

progradation probably occurred at stable sea level.

5.2Dating

Due to the constant occurrence of overwash processes in the region, the most
likely hypothesis to explain this phenomenon would be the occurrence of one of these
events in the region of this collection, caused by storm events. Likewise, sample PP02
is similar in age to sample PP05, which may lead to the same hypothesis as the
phenomenon that occurred in PP03. Storm periods added to the great tidal variation in
the region generated overwash events, which carried the PP05 sediments above the
already formed ridges (PP04), depositing these younger sediments at more distal
points in Punta Perdices.

Rutter et al. (1989) discussed the positions and times of formation of former sea
levels along the coast of Argentina. Since the majority of the deposits studied in this
area are related to beach settings under meso and macrotidal conditions, care has
been given in separating foreshore and storm-beach deposits and it is important to
consider the environmental circumstances of this particular region. Therefore, such as
in Rutter et al. (1989), paleo-sea levels are not used as a term to describe altitudinal
situations. Instead, the height of the layer containing fossils in respect to the current
mean sea level is determined by the topographic position of the surface of the marine
terraces as a relative reference level.

Rutter et al. (1989) also emphasizes that dating in this case is challenging due
to errors in the **C dating of marine mollusk shells and in identifying the relative position
of sediments deposited below the paleoshorelines. Many marine molluscan species

have carbonate in their shells that comes from the water mass or the substrate. In living
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molluscs, estimates of the inaccuracies brought on by these effects range between
250 and 600 years. Remobilization of carbonate from the marine water mass during
the deposition of sediment and shells exacerbates these inaccuracies. The cumulative
size of the carbonate reservoir effects in the south Atlantic Ocean has been estimated
at 1.5 ka (Angino & Armitage, 1963). The accuracy of C findings from circulating

groundwater can also significantly be impacted by post-depositional alteration.

When considering macrotidal habitats, as those found at San Antonio Oeste,
the issues raised above are exacerbated. Disarticulated shells and shell fragments
were carried into lagoons, tidal saltwater marshes, and occasionally onto the shore
above sea level by spring tidal and storm reworking of the large shell banks created
offshore of these coasts (during extremely powerful storms). Shells are also moved
from the offshore to the nearshore by deep tidal inlets with swift currents. Along
macrotidal shores, reworking of older, submerged shell banks is also more common.

The ages of the shell samples collected at the top of seven beach ridges, and
even without controlling the ages in depth of the deposit, revealed ages between
4344+27 and 2852+26. In addition to the complexity of the dynamics of the bioclastic
sediments in the study region, largely controlled by the tides, as described above, two
other aspects can be analyzed, the inversions in the decreasing ages sequence, and
the uniform elevation of the crests (Table 1), according to Charé et al. (2014), Punta
Perdices is a series of beach crests, of low relative height. These results reinforce the
interpretation about the deposits that were recently built, controlled by the same sea
level, generating an extensive coastal terrace in Punta Perdices. Also, the different
source of shells deposits far from Punta Perdices, which are continually reworked by
the action of currents and waves, establish the age control of the different beach ridges.

6. Conclusion
Punta Perdices has a sheltered area condition within San Antonio Bay.
Compared with the neighbor areas in San Antonio Este, the shell crests in this region
have a much smaller stacking, due to the high angle of incidence and the small height
of the local waves generated by winds inside of the bay. The strong western winds are
able to generate waves with high angle on the beach, and so, intensifying the
longshore drift, and therefore, the supply of the bioclasts to beach ridges progradation

and the development of spits in the extreme north of the region.
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In Punta Perdices, seven sets of beach ridges were identified, and the ridges
have a uniformity in terms of external architecture, such as, slope of the foreshore,
spacing and height of the beach ridges crests. In addition to the similarity of geometric
parameters, the different beach ridges sets present crests with small angle variations
of the progradation in the different beach ridge sets. The Punta Perdices deposits can
be classified as a littoral terrace due to the flat surface morphology.

Also, these extensive bioclastic deposits represent a sedimentary environment

appropriate for studies as modern hydrocarbon reservoirs analogues.
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Figure Captions

Figure 4. (A) San Matias Gulf, Rio Negro Province, Argentina; (B) Location map of the
study area: Villarino Peninsula; (C) Location map of Punta Perdices Beach and its
morphological details surrounding it. Detail for San Antonio Este Port, a point of
reference for studies. Basemap from ArcGIS software.

Figure 5. (A) Cut of outcrop in which the planar organization of the shells is observed
in addition to the presence of some pebbles of igneous origin with dark coloration; (B)
Geophysical survey with 400MHz antenna; (C) Beach crests can also be distinguished
by the color difference and in this photo the RTK GPS survey; (D) Transversal view of
the foreshore, and one can observe the low tide and how the tidal channels behave
during the day; (E) Detail of the shells, which have light coloration, which compose the
sediment of the beach and often exceed 10 cm in length; (F) Longitudinal view of
Punta Perdices and San Antonio East Port in the end of the beach.

Figure 6. Location map of the geophysical survey (ArcGIS basemap processed image).
Orange lines represents the location of GPR profiles. The yellow lines represent the
tracing of beach ridges crests, and the blue lines the demarcation of the beach ridges
sets. In the northern part of the area, the end of the biodetritic spit is observed.

Figure 4. Synthesis of radar facies features of the area (reflector pattern, description
and interpretation).

Figure 5. (A) San Antonio Este Port; (B) Shell buildup and 3 m high spit growth in Punta
Perdices due to continental drift and eroded cliffs in San Antonio Este Port.

Figure 6. Adapted image of Isla et. al (2022), modified for this paper. Isla et. al (2022)
proposes a classification of beach ridge systems and the deposits of Punta Perdices
are classified as "flying, bay-mouth and tombolo spits”, in which the built of recurved
spits is related to the rate of sediment supplied by the littoral transport system but also
to the frequency of erosional/cannibalization processes. In the detail, at the bottom
right, part of the profile PPL10OF10 represents the elements of the ridges: foreshore
deposits, crest and washover deposits.

Table 1. Synthesis of beach ridges features, sedimentary and topographic
characteristics of all GPR profiles in Punta Perdices.

Table 2. Results of analysis of 14C Dating of Punta Perdices’ samples.
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6. Consideracdes Finais

Os depdsitos de beach ridges de Punta Perdices sdo construidos através das
grandes mudancas diarias de maré, além da movimentacdo de correntes e deriva
através da baia semifechada, o que contribui para a alimentacdo dos depdsitos de

conchas bivalves e moluscos.

Assim como as analises costeiras do crescimento do pontal, o trabalho concluiu o
objetivo de imageamento em GPR das cristas de praia da &rea de estudo e, com 0s
perfis de GPR, caracteristicas como elementos de foreshore, cristas e depdsitos de
washover foram facilmente identificaveis na praia, além do caracteristico alto angulo
de inclinacdo que as camadas a foreshore (paralelas a subparalelas) apresentavam.
Todos esses elementos levantam as hipéteses para a génese das beach ridges e a
origem de seus bioclastos: a proveniéncia dos sedimentos vem da area de Porto San
Antonio Este e também das outras éreas costeiras da Peninsula Villarino.

As analises geocronolégicas de **C contribuiram para a analogia da area fonte de
bioclastos, além de corroborar as verificacdes de elementos de washover causados
por eventos de tempestades e macro marés. Por fim, todo esse movimento contribui
para que haja uma progradacdo da praia para oeste, com a constru¢cao de um pontal

cada vez mais abundante em sedimentos bioclasticos.

Em concluséo, os objetivos do trabalho foram plenamente atingidos e enseja-se
trabalhos futuros na area por se apresentar como um analogo moderno de

reservatorios de hidrocarbonetos.
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LISTA DE FIGURAS
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=> Faltou o item References (pagina 37)

1. Introdugdo e contexto geoldgico simplificado

MIS => colocar Marine Isotope Stages - MIS na primeira ocorréncia.
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Figura 1.
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nas figuras.
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=>Duas figuras parecem ser imagens do Google Earth entdo devem ser
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Figura 2.
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Figura 3.

=> A escala grafica esta errada, ndo corresponde a figura.
=> Textos nas figuras em portugues: meters, zone...

=> Parece ser uma imagem do Google Earth, entdo deve se referenciada como tal.

Figura 4.

=> A escala grafica esta errada, ndo corresponde a figura.

=> Textos nas figuras em portugues: meters, zone, legend, sampling points, line...

Figura 5.

=> “Inland” em italico.

Figura 6.
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figura, enriqueceria a imagem.
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=> Faltou escala.
=> Faltou orientagao.
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Figuras 7, 8, 9,10 e 11
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apenas nas figuras que representam as extremidades do perfil.

=> A escala horizontal aparece em todas as figuras mas igualmente dificil de ser
lida.




=> A autora poderia ter colocado as trés partes do perfil 02L4F4, uma sobre a
outra, em uma so pagina (paisagem) assim como partes do perfil O2LIFl e
também uma imagem dos trés juntos.

=> Aliado a isto, a autora poderia ter “tratado” as imagens inserindo ndo so escalas
melhor visiveis, como a indicagdo da orientagdo do perfil e também NMM atual.

Referéncias.

=> Clifton, 2006 na pagina 6 (linha 218) => ndo consta nas referéncias.

=> Fucks et al., 2012b na Pagina 3 Linha 146 e Pagina 22 Linha 477 => ndo
consta nas referéncias aparentemente o erro esta no "b”.

CLIFTON, H. E. Coastal Sedimentary Facies. In: SCHWARTZ, M. L. Ed..

Encyclopedia of Coastal Science. Dordrecht: Springer, 2005. p.
261-269. Encyclopedia of Earth Science Series. => ndo estd
citado no texto

FUCKS, E. E.; SCHNACK, E. J.; CHARO, M. P. Aspectos geolégicos y
geomorfologicos del sector N del Golfo San Matias, Rio Negro,
Argentina. Revista de la Sociedad Geologica de Espafia, v. 25, n. 1-

2, p. 95-105, 2012. => ndo estd citado no texto

=> Nas referéncias, CLIFTON, H.E. (2005) e CHARO, M.P. (2013) estdo em ordem
invertida... Chard vem antes de Clifton.

Observagoes gerais sobre a dissertagdo:

=> A autora faz um bom levantamento dos trabalhos anteriores e atravées de
algumas figuras vetoriais e de imagens de satélite, ou mescla de ambas,
consegue situar bem o leitor em sua drea de estudo.

=> A autora poderia ter colocado uma figura mostrando, ao menos, alguns
elementos vistos no radargramas, mesmo que empiricos ou obvios, mas mostrar
onde é a crista e sua altura, a cava, indicativos de mudanca de uma beach
ridge para outra, nmm, etc...

=> Mesma observagdo quanto ao GPR, uma figura simples, mostrando o
funcionamento basico do método, ficaria 6tima.

=> Faltou uma tabela com as coordenadas iniciais e finais de cada perfil.

=> Faltou uma tabela com os pontos de coleta das amostras para datagdo e suas
coordenadas e, pelo menos, o nome da espécie analisada (ou mesmo, a Familia
ja seria suficiente).




Observagoes sobre o ARTIGO

=> Colocar o simbolo de ® ou ™ nos nomes dos produtos utilizados.
=> Imagens do Google Earth devem ser referenciadas.
=> Imagens fotograficas também devem exibir orientacdo.

Abstract

=> Retirar a sigla DGPS. A sigla ndo é explicada e ndo vai fazer falta. O método
e a forma de como o mapeamento foi feito sera descrito no trabalho.

1. Introdugao

=> A introdugdo do trabalho esta bem organizada explicando suscintamente os
beach ridges e onde ocorrem, segue o texto associando-os as ag¢des climaticas,
processos costeiros, aos estagios isotopicos costeiros (Marine Isofope Stages -
MIS), as coquinas (alta produtividade bioclastica) e sua relagdo com depdsitos
de hidrocarbonetos. Descreve rapidamente a metodologia do GPR (Ground
Penetrating Radar). Explica os processos de progradagdo e regressdo envolvendo
os depositos formados. Por fim, descreve o cerne do artigo, ou seja, investigar
o porqué das altas concentragdes de conchas e consequente formagdo de Beach
Ridges.

=> Linhas 353 e 354

“The sequences of beach ridges are frequent components in the quaternary coastal

plains.”

=> Frase ndo creditada ao autor => OTVOS, E. G. Beach ridges - definitions and
significance. Geomorphology, v. 32, p. 83-
108, 2000.

Linhas 356 a 358 => The Quaternary is characterized by global climatic oscillations
and consequent transgressive and regressive events in coastal
areas (Rohling et al., 2008; Charo et al., 2014)

=> Na verdade, metade da frase acima foi utilizada como um exemplo para
sustentar um argumento proposto no artigo de Chard et al., 2014, logo,
desnecessaria a citagao de Rohling et al., 2008.

Linhas 405 e 406 => A regression is defined as the seaward migration of the
shoreline. => conceito de Catuneanu, 2002 => deve ser citado.

Linhas 410 a 413 => “As sedimentation rates outpace the slow rates of base level
rise at the shoreline, normal regressions happen in the early




and late stages of base level rise. In this instance,
aggradation is accompanied by sediment bypass, the newly
formed accommodation is completely eaten by sedimentation,
and progradation takes place.” =>  Creio que estes
conceitos sejam de Catuneanu, 2002. Deve ser citado.

2. Cenario regional

=> Este item apresenta maiores problemas na figura 1. No mais, descreve o golfo
de San Matias, sua morfologia, o ambiente deposicional e a composicdo dos
depositos e, aliado a isto, o controle morfoldgico da baia, a dinamica das mares
e das ondas, o regime de ventos. Por fim, faz alusdo aos MIS e ainda mostra a
separacdo dos depositos em duas formagoes incluindo sua composicdo.

Figura 1.

=> As letras A, B e C indicativas das imagens ndo constam nas figuras.

=> Duas figuras com coordenadas no sistema sexagesimal e uma no sistema UTM,
homogeneizar este tipo de referéncia, preferencia para o sistema UTM.

=> A sigla para quilometro é escrita em letra mintscula (mesmo na lingua
inglesa) => km

=> A zona UTM é 20G e ndo 20S
=> Os itens B e C sdo IMAGENS DE SATELITES e ndo mapas.

=> Duas figuras parecem ser imagens do Google Earth entdo devem ser
referenciadas como tal.

3. Métodos e equipamentos

=> A autora descreve rapidamente o material e o método utilizado na elaboragdo
do trabalho de campo e escritorio.

=> Atencgdo aos simbolos de marca comercial em ArcGis, ReflexW, efc...

3.1. Radar de Penetragdo no Solo - GPR

=> Linhas 534 a 538 => "The GPR have been used to reconstruct past depositional
environments and the nature of sedimentary processes in
a variety of environmental settings and mostly to assist
in hydrocarbon reservoir analogue studies. Using a
correctly processed radar profiles and at the resolution
of a survey, primary reflections usually parallel primary
depositional structure.”




=> Ambos paragrafos se encontram em: Switzer, A.D., Bristow, C.S and Jones,
B.G.. 2006. Investigation of large-scale washover of a small barrier system on
the southeast Australian coast using ground penetrating radar. Sedimentary
Geology 183(1):145-156 DOI: 10.1016/ j.sedgeo.2005.09.015. Devem ser citados.
Ndo consta nas referéncias.

=>Na Figura 2, excetuando-se a imagem E, onde supde-se que a seta esteja
indicando o Norte (magnético ou geografico), as demais imagens poderiam
também estar orientadas.

3.2. Datagdo por radiocarbono

=> Paragrafo com muita informagdo desnecessaria. Ndo é relevante ao corpo do
texto. Ndo e o proposito direto deste trabalho. Citar apenas o nome do
laboratorio (website ?) na base da tabela de dados ou como apéndice (anexo).

4. Resultados

=> Relativo aos paragrafos 1 e 2, a autora poderia ter referenciado ao que ela se
referiu de conjuntos A e B, no primeiro paragrafo da seguinte forma Malha
Regular (conjunto A) e Malha densa (conjunto B)

=> Figura 3 => a zona UTM esta errada => o correto & 20G

=> Sobre a Figura 4 as imagens das facies de radar e a interpretac¢do ndo parecem
estar posicionadas exatamente uma em relagdo a outra. Uma escala horizontal
e vertical ao lado das figuras ajudaria sua interpretacdo, ja que as quatro
estdo em escalas diferentes.

=> Figura 5A falta orientag¢do e Figura 5B faltam orientacdo e escala para
salientar melhor a altura da falésia.

=> Tabela 1 => A coluna do tamanho do perfil esta com uma casa decimal, todos
os demais dados com duas casas decimais, homogeneizar.

=> Linhas 619 a 622 => Many variables, including as the rate of bioturbation, the
frequency of overwash, the thickness of the units, and the
magnitude and pace of sea level change, affect the
preservation potential of individual storm units and the
washover facies.

=> Este paragrafo, foi escrito por => P.E. Sedgwick, R.A. Davis Jr. / Marine
Geology 200 (2003) / Stratigraphy of washover deposits in Florida: implications
for recognition in the stratigraphic record. Ndo esta citado no texto e nas
referéncias.

=> Linha 621 => trocar a palavra pace por rate.




=> Citacdo errada. Na pagina 31, linhas 647 a 649, a autora escreve que ‘Mason
and Jordan (1993) stated that ridges of coarse material (pebbles, cobbles,
boulders) are usually steeper than those consisting of sand...” na verdade esta
frase e de autoria de Anja Scheffers e outros, da Universidade da Australia,
cujo artigo foi publicado em 2011 em Progress in Physical Geography 36(1) 5-
37. Esta frase encontra-se na pagina 22, item III, primeiro paragrafo do
artigo.

=> Linhas 656 a 659 => “The results are given in years before 1950 (radiocarbon
age BP). The uncertainty in the age determination is given
+/- one standard deviation. All radiocarbon ages are
corrected for isotopic fractionation using the measured
13/12-ratio.”

=> Ambas as frases acima se encontram em => Karymbalis et al., 2022. Late
Holocene palaeogeographic evolution of the Lihoura coastal plain, Pteleos Gulf,
Central Greece. Quaternary International 638-639 (2022) 70-83. Ndo esta
citado no texto e nas referéncias.

=> Tabela 2 => faltam as coordenadas dos pontos de coleta e, se possivel, o nome
da espécie analisada, na pior das hipoteses, o nome da familia.

=> Embora os depositos de litoral de Punta Perdices situem-se dentro de uma zona
de intramarés sujeita a lavagem e retro lavagem pelas ondas, a altura da onda
sobre a costa (swash de mare) e crista da berma normalmente se equivalem isto
parece notorio quando desenhamos “caixas” aproximadamente “envolvendo” as
cristas em 3 metros de altura (figura anexa).

=> No Gltimo paragrafo, a autora escreve sobre a datag¢do questionando o resultado
da PPO3 uma vez que ela se mostra mais jovem, que a crista posterior. Neste
caso, sugere-se executar coletas/datagoes lateralmente (seguindo a mesma
crista) para confirmar ou ndo a continuidade das idades no espectro horizontal.

5. Discussdo

5.1. Arquitetura e evolugdo da beach ridge

=> Linha 755 a 762

"Along the open Patagonian coast and its exposure to the waves of the Atlantic
Ocean, beach ridges have well sorted, coarse-clastic (granule-sized to boulder-
sized) sediment layers with numerous matrix-free, frequently reverse graded
gravel beds. Independent of wave-energies, they all have a large scale cross
bedded interior, whereas the gravel layers dipping mostly at high angles of 10-
15° seawards. This cross bedding mirrors the gradual seaward progradation of
the beach line. These beach ridge systems are regressive forms deposited during




stagnating sea level or, more exactly, these sediments were deposited during
similar surf level of storm waves (Catuneanu,2002).”

Citagdo errada: o pardgrafo acima foi escrito por: “SCHELLMANN, G.; RADTKE,
U. Timing and magnitude of Holocene sea-level changes along
the middle and south Patagonian Atlantic coast derived from
beach ridge systems, littoral terraces and valley-mouth
terraces. Earth-Science Reviews, v. 103, p. 1-30, 2010.”

=> Neste caso, como a autora quer citar este texto /jpsis litteris, o texto deve ser
destacado com aspas ou alteracdo de fonte ou largura do paragrafo.

=> Linhas 763 e 764

"Surface relief of beach ridges becomes less undulated with decreasing wave
exposure of the beach to the ocean waves (Schellmann-8& Radtke, 2010).”

Citagdo errada: O correto e Schellmann and Radtke, 2003 e 2007a citados em
Schellmann and Radtke, 2010. A autora também optou por
copia exata do texto.

Schellmann, G., Radtke, U., 2003. Coastal terraces and Holocene sea-level
changes along the Patagonian Atlantic coast. Journal
of Coastal Research 19, 983-996.

Schellmann, G., Radtke, U., 2007a. Neue Befunde zur Verbreitung und
chronostrati-graphischen Gliederung holozdner
Kistenterrassen an der mittel- und sidpata-gonischen
Atlantikkiiste (Argentinien)— Zeugnisse holozdner
Meeresspiegelver-anderungen. Bamberger
Geographische Schriften 22, 1-91 (Bamberg).

=> Ambos ndo constam na bibliografia do artigo.
=> Linhas 764 a 768

‘In wave protected environments, the height difference between modern storm
deposits and the highest tide level is reduced to 1 m or less, flat littoral terraces are
developed instead of beach ridges, and layers of sands or sandy gravels dominate
instead of coarse gravel.” => Frase de Schellmann & Radtke, 2010 ndo citados

no texto do artigo.

=> Linhas 764 a 771

“In wave protected environments, the height difference between modern storm
deposits and the highest tide level is reduced to 1 m or less, flat littoral terraces are
developed instead of beach ridges, and layers of sands or sandy gravels dominate




instead of coarse gravel. For emerging coasts like the Patagonian Atlantic coast,
significant differences in surface elevations of Holocene beach ridges or littoral
terraces may be predominantly the result of glacio-isostatic or eustatic driven
changes of sea level, but they also may be the result of variable periods of coastal
progradation and retreat.”

=> Paragrafo de Schellmann & Radtke, 2010 ndo citados no texto do artigo.
A autora também optou por copia exata do texto, deve entdo ser citado
como tal.

=> Linhas 772 a 776

“‘Beach ridge systems and littoral terraces are storm deposits. Their surface
elevations are thus, apart from high tide level, predominantly dependent on the
heights and extensions of storm waves and on the wave-exposure of the coastal site.
In this respect, the beach ridges and littoral terraces are relatively inaccurate
indicators for sea-level reconstructions (Schellmann & Radtke, 2010).”

A autora optou novamente por copia exata do texto, citou os autores apenas na
altima frase restando mais duas frases anteriores, dos mesmos autores, ndo
citadas. Se a autora quiser manter as trés frases como esta no texto, devera
mudar o modo de citagdo.

5.2 Datagdo

locais amostrados — “C beach ridge set => LIMITES oo
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A mobilizagdo das amostras 2 e 3 pode estar ligada a duas possiveis condigoes:
[1] Mudanga do material removido da area fonte durante a formagdo do primeiro
set de beach ridges.




[2] Deposicao e posterior remobilizagao do material. Neste caso, o primeiro evento
ocorreu ao redor de 3388 anos movendo as amostras do set IV para o set I e,
ha 2852 anos ocorreu um segundo evento que moveu as amostras do set VI
para o inicio do set I. A julgar pela distancia de remobilizagdao do material, o
segundo evento foi mais efetivo e mais duradouro, o que coincide com o inicio
da formagao do set II e uma maior altura da crista em relagdo ao set I.

REFERENCIAS ARTIGO

=> Fucks, 2011 na pagina 32 (linha 686) => ndo consta nas referéncias.
=> Tonini et al., 2007 na pagina 22 (linha 466) => ndo consta nas referéncias.

=> FUCKS, E. E.; SCHNACK, E. J.; SCALISE, A.; AHRENDT, K.; VAFEIDIS, N.; STERR,
H. Procesos modeladores em los acantilados de Las Grutas, llrovincia de
Rio Negro. Revista de Geologia Aplicada a la Ingenieria y al Ambiente, v.
34, p. 57-73, 2015. => ndo consta no artigo.

Avaliagdo Final

=> A proposta do trabalho é boa e os objetivos foram alcancados, no entanto, o
texto da dissertagdo poderia ser mais ilustrado sobre o produto que sdo as
Beach Ridges em radargramas e o método do GPR em si.

=> A autora poderia ter realizado um desenho esquematico do perfil 02L4F4
mostrando as alturas das cristas e linhas horizontais mostrando o nivel medio
de agua mais alto (MHHW) e o mais baixo (MLLW) além, é claro, do nivel médio
do mar (MSL) acrescido ainda das idades obtidas por radiocarbono.

=> Na conclusdo, mencionar a possivel concordancia com a curva do nivel do mar
definida para a regido e ainda a sugestdo de realizar datagdo de um grande
volume de material com o intuito de verificar o aparecimento de grupos de
idades que possam vir a permitir estimar o momento da deposi¢dao do material.

=> Quanto as imagens, um cuidado maior com as coordenadas em um mesmo sistema
ficaria melhor e, o que considero mais grave, o erro da zona UTM. Algumas
imagens foram obtidas a partir do Google Earth, contudo ndo foram citadas
como tal e tampouco a data e orientagdo no momento da obtengdo. Outro
problema é a defini¢do de uma imagem como mapa, tanto na dissertagdo quanto
no artigo submetido, sdo imagens de satélite “tratadas” e ndo mapas.




=> Muitos textos nao foram citados ou foram citados de forma incorreta e devem
ser revistos.

=> Aparentemente entre as cristas distais e as proximais existe um desnivel
consideravel e perfeitamente visivel ao observarmos o perfil 02L4F4 como um
todo. A autora poderia ter explorado esta caracteristica aliada aos sefs de
beach ridges associados. A autora na pagina 10, primeiro paragrafo, em fungdo
da homogeneidade (?) das cristas, afirma que todas as cristas foram formadas
na mesma posi¢cdo do nivel do mar, novamente, o desnivel existente entre as
cristas mais distais e mais proximais pode chegar a 2 metros, talvez em fungao
do tipo de material acumulado.

Assinatura: /z/-f%,_-y Data: 10 de maio de 2023
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ANEXO |

Titulo da Dissertacéo:

“GENESE E ARQUITETURA DOS DEPOSITOS DE BIOCLASTOS NA PRAIA DE
PUNTA PERDICES, BAIA SAN ANTONIO, ARGENTINA”

Area de Concentracéo: Geologia Marinha

Autora: Paula Nogueira Machado Schffer

Orientador: Prof. Dr. Elirio Ernestino Toldo Jr.

Examinador: Prof. Dr. Fernando Erthal

Data: 05/06/2023

Conceito: A

PARECER:
O texto esta muito bem redigido, tanto em termos gramaticais, quanto no aspecto
conceitual do tema abordado pela autora na dissertacéo. As hipoteses de trabalho,
bem como os objetivos, estdo bem formulados e delimitados, considerando o
escopo de um mestrado, o que demonstra dominio do assunto pela autora. Embora
a descricao da metodologia utilize terminologia acessivel apenas para
especialistas, os materiais e métodos estdo bem descritos.
O manuscrito apresenta redagao bastante adequada, com bom aprofundamento
dos aspectos pouco compreendidos na literatura sobre o0 assunto. A questéo da
arquitetura interna de coquinas esta bem caracterizada, e a autora faz referéncia
aos principais trabalhos ja realizados sobre o tema. Alguns detalhes precisam ser
corrigidos, como a correta homenclatura de espécies bioldgicas, alguns segmentos
com o texto em italico sem motivo e algumas colocacdes que, em inglés, ficaram
coloquiais. Talvez uma revisdo mais técnica/gramatical seja necessaria.
As figuras da dissertacao, especialmente aquelas do manuscrito, Sdo importantes e
de boa qualidade. Exceto pela Tabela 2, manuscrito ndo deixa muito claro quantas
amostras por perfil foram utilizadas para datacéo. Talvez a Figura 4 (do texto
integrador) pudesse ser incluida no manuscrito. Além disso, a idade 14C de
apenas uma concha por ponto (~amostra) ndo permite obtencdo segura da idade
do depdsito, como a autora examina na discusséao.
As conclusdes colocam de forma bem sintética os dados apresentados no
manuscrito. Como a discussao aprofunda bastante o exame dos dados obtidos,
ficou parecendo que a concluséo foi redigida de forma algo apressada. Talvez os
revisores do manuscrito na revista também apontem isso.

/0N

Assinatura: p,@mﬁo/g@ Data: 05/06/2023
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ANEXO |

Titulo da Dissertagao:

“GENESE E ARQUITETURA DOS QEPOSITOS DE BIOCLASTOS NA PRAIA DE
PUNTA PERDICES, BAIA SAN ANTONIO, ARGENTINA”

Area de Concentracdo: Geologia Marinha

Autora: Paula Nogueira Machado Schffer

Orientador: Prof. Dr. Elirio Ernestino Toldo Jr.

Examinador: Prof. Dr. Norberto Olmiro Horn Filho

Data: 31/3/2023

Conceito: EXCELENTE

PARECER:

O referido parecer diz respeito a dissertacdo de mestrado de Paula Nogueira
Machado Schffer, intitulada: “Génese e arquitetura dos depdsitos de bioclastos na
praia de Punta Perdices, baia San Antonio, Argentina”, no ambito do Programa de
Pd6s-graduagdo em Geociéncias da Universidade Federal do Rio Grande do Sul,
sob orientagao do Prof. Dr. Elirio Ernestino Toldo Jr.

A mestranda optou pela modalidade/formato “artigo cientifico”, estruturado em uma
introdugdo compreendendo as consideragdes iniciais e objetivo, contexto geoldgico
simplificado, uma breve descricdo do estado da arte do método utilizado,
consideragdes finais e as referéncias utilizadas, complementado pelo artigo
submetido ao Journal of South American Earth Sciences intitulado “Architecture of
shelly beach ridges in a sheltered beach environment in punta Perdices beach, San
Antonio bay, Argentina” que apresenta os resultados e conclusdes da pesquisa.

Por sinal, o manuscrito foi encaminhado ao referido periddico em 28/02/2023
conforme carta de submissdo que aparece na pagina 46 do documento. O
periodico é classificado como A2 na Plataforma Sucupira da CAPES.

A dissertacdo representa uma destacada contribuicdo a linha de pesquisa em
Geologia Marinha do Programa de Pds-graduacdo em Geociéncias da
Universidade Federal do Rio Grande do Sul, cujo objetivo, plenamente alcangado,
foi desenvolver modelos de arquitetura deposicional das coquinas da peninsula
Villarino, através de mapeamento do terreno (DGPS) e aquisi¢do de linhas por
radar de penetragdo do solo (GPR), além de compreender a dindmica sedimentar
holocénica-moderna desta regiéo.

E notavel o esforco da mestranda no tocante ao trabalho de campo da dissertacao,
primeiramente, pela localizagdo geografica distante da sede da instituigdo
Universidade Federal do Rio Grande do Sul (Porto Alegre - RS, Brasil) e
principalmente, pela execugao de 23 linhas de GPR em 18 conjuntos de cristas de




praia holocénicas) com largura média de 100m, que se estendem por mais de 1km.
Ha de se frisar que o caminhamento realizado durante o trabalho de campo teve
como substrato um depdsito de baia praial de granulometria cascalhosa
bioclastica, fato que deve ter dificultado o deslocamento durante o campo,
imprescindivel para as conclusées da dissertacdo. Ademais foram coletadas sete
amostras de sedimentos superficiais no depdsito de baia praial para analises
sedimentoldgicas, paleobiolégicas e geocronoldgicas.

O artigo cientifico que representa o cerne da dissertagdo tem 26 paginas com a
participacdo de nove autores, entre esses, a propria mestranda e seu orientador.
Um total de quatro instituicdes estiveram engajadas no artigo, trés brasileiras
(Universidade Federal do Rio Grande do Sul, Universidade Federal do Rio Grande
do Norte e Universidade Federal Rural da Amazbnia) e uma estrangeira
(Universidad Nacional del Sur, da Argentina). A Universidade de S&o Paulo, apesar
de relacionada no rol de instituicbes, nao aparece vinculada a nenhum autor do
artigo.

A parceria entre as instituicdes envolvidas aparece evidente nos agradecimentos
do artigo cientifico, com a participacdo do Instituto de Pesquisas Hidraulicas,
Nucleo de Estudos de Correntes de Densidade e Centro de Estudos de Geologia
Costeira e Oceanica, da Universidade Federal do Rio Grande do Sul; Laboratério
de Anadlises Estratigraficas da Universidade Federal do Rio Grande do e Pré-Sal
Petréleo S.A. Libra Group.

Uma vez que o artigo cientifico foi recentemente submetido ao periédico Journal of
South American Earth Sciences, ndo cabe a esse parecerista, analisar os aspectos
de formatacao, linguagem e representacao grafica, apesar de que as seis figuras e
duas tabelas aparecem bem delineadas e ajustadas ao texto. O mesmo vale para
as 55 referéncias bibliograficas citadas no texto e relacionadas nas References. As
publicagdes basicas de fundamentagdo tedrica ao tema “beach ridges” estdo
contempladas na dissertagdo e artigo, tais como Stapor (1975), Tanner (1995),
Otvos (2000), Clifton (2005 e 2006), Scheffers et al. (2011) e Tamura (2012).

Em suma, os objetivos do trabalho foram alcangados a partir da analise das cristas
de praia da punta Perdices, do ponto de vista geoespacial, da geofisica costeira e
da geocronologia absoluta, relacionados aos agentes oceanograficos e geoldgicos
da area em questao. Nao aparece nos resultados e discussao, os dados obtidos da
analise sedimentolégica das sete amostras superficiais de sedimentos do depdsito
de baia praial de punta Perdices, envolvendo principalmente, a granulometria do
deposito.

Em base as questdes levantadas acima, sou de parecer favoravel a aprovagao da
dissertacdo de mestrado da académica Paula Nogueira Machado Schffer,
conferindo para tal, o conceito EXCELENTE.

Assinatura:

Data: 31/3/2023
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