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Resumo

Este trabalho buscou construir e interpretar umettodomputacional para um sistema laguna-
barreira especifico da Formacéo Rio Bonito, naddoiParand, localizado na regido carbonifera
Irui Central. Este estudo também apresenta umsa@tiibliografica da geologia dos ambientes
deposicionais de interesse, especialmente os sistdaguna-barreira, e outros conceitos
relevantes para a concepcao do mesmo. O prindijefiv foi compreender a formacéo e a
evolucdo deste sistema, na época da sua génese€satia simulagéo da evolugdo deste sistema,
considerando as variagOes relativas do nivel do @ardados foram obtidos através de 75
testemunhos de sondagem, sendo 19 testemunhostdspom duas sec¢des geoldgicas, paralela
e perpendicularmente a paleolinha de costa, adimagacterizar o sistema laguna-barreira, e os
demais para dimensionar o leito de carvdo prinaieglositado atras da barreira. Através do
software de modelagem estratigréafica tridimensi@i@NISOS® (Diffusive Oriented Normal
and Inverse Simulation of Sedimenta}jdoram estabelecidos os parametros bésicos degiasi
diversas configura¢cdes dados. As facies descritesf interpretadas como pantano, lagoa,
barreira de areia e depositos de influéncia da .marévolugcdo do sistema durante o trato
transgressivo mostrou a migracdo da barreira eetdtir ao continente, e durante o trato de
sistema de mar alto a migracao ocorreu em diregdaa. A subida relativa do nivel do mar de
cerca de 16 metros permitiu uma forte correlacdm @s dados exibidos pelas secbes
estratigraficas ao longo de 2 milhdes de anos.ohslicGes ambientais pretéritas reconstruidas
através do modelo, tornaram possivel o estabelatinta curva relativa do nivel do mar e os
provaveis locais de abastecimento de sedimento® rasbiente, permitindo uma melhor

inferéncia sobre as etapas de evolucdo deste aistemstituinte da Formacao Rio Bonito.

Palavras-chave:sucessdo do depdsito carbonoso; modelagem esif@tigrtransgressao da

barreira.



Abstract

This study aimed to construct and interpret a cdatmnal model for a particular lagoon-barrier
system of the Rio Bonito Formation in Parana Basicated in the coalfield Irui Central. This
paper also presents a literature review of theaggcdl depositional environments of interest,
especially the lagoon barrier systems, and otHewvaat concepts for the conception of it. The
main goal of this research was to understand thendtion and evolution of this system,
considering the relative sea level variations. D#teae obtained from 75 logged boreholes, with
19 cores distributed along two geological sectiopayallel and perpendicular to the
paleoshoreline in order to characterize the lagmamier system, and the other to scale the main
coal bed deposited behind the barrier. Through3bestratigraphic modeling DIONISGS
(Diffusive Oriented Normal and Inverse Simulation S¥dimentation software, the basic
parameters have been established and variousettiteys simulated. The described facies were
interpreted as swamp, lagoon, sandy barrier amditiiuenced deposits. The evolution of this
system during the transgressive system tract shavigrétion of the barrier landward, and during
the highstand system tract the migration occuresivard. A relative sea level rise of about 16
m allowed a strong correlation with data exhibibgdhe stratigraphic sections along 2 Myr. The
past environmental conditions rebuilt through theded, made possible the establishment of the
relative sea level curve and the likely locatiohseximent supply in this environment, allowing

better inferences about the evolution steps ofdkisting system in the Rio Bonito Formation.

Key-words: coal bearing succession; stratigraphic modelingjdraransgression.



indice

Lista de figuras

Lista de figuras e tabelas do artigo

1. Introducéo
2. Objetivos
3. Contextualizacao
3.1. Bacia do Paran& e Formacao Rio Bonito
3.2. Ambientes deposicionais
3.2.1.Barreiras litoraneas
3.2.2.Sistemas laguna-barreira
3.3. Aspectos sobre a modelagem geologica
4. Resultados
5. Consideracdes finais

6. Referéncias

11

12

12

12

16

16

18

27

58

58



Lista de figuras

Figura 1: Mapa de localizac&o da area de estudo. A — Lzaglio da Bacia do Parana na
América do Sul. B — Localizacdo da area de estodeia Grande do Sul, em relacdo a Bacia do
Parand e a distribuicdo das jazidas de carvadiStribuicdo dos furos de sondagem na area de
estudo e das secbes 1 e 2, de direcdo NW-SE e NHEi8Wdificado de Cagliari,

Figura 2: Mapa geoldgico simplificado da Bacia do Parané) oacontorno estrutural
(profundidade) do embasamento cristalino (MilaBDB)..............ooociiiieiiiiiiiiev e 13

Figura 3: Secdo estratigrafica 1 da area da jazida IruiBleoo Central, retirado de
Cagliariet al.(em submisséo). Destacado em vermelho a sequEl(&10), correspondente ao
sistema laguna-barreira da Formacao Ri0 BONitO.........cccoeeeiiiiiiiiiiiiiic e 15

Figura 4: Esquema de um sistema de ilha-barreira (Modifickel®einson, 1992).....16

Figura 5: Sucessédo de facies de ilha-barreira associadaegoses transgressivo e
regressivo (ReINSON, 1992)........ i i e mme e e e e e e e e e aaaaaaaaaaaaaes 17

Figura 6: Esquema da formacao das lagunas costeiras dgoamam Gilbert (a) e Hoyt
(o) GRS 2 00 ) PR 19

Figura 7: Interpretagdo sistemética da estratigrafia daraeparreira, com base em
dados de sondagem, observacdes de campo e casrelagios mais conhecidos depositos
laguna-barreira adjacentes (Anthony e Blivi, 1998)...........cccvviiiiiiiiiiiiiiiiiiiiecieeeee e, 21

Figura 8: Estratigrafia e cronologia dos depdsitos trarsgjves com influéncia marinha
associada com a fase inicial da evolucao do estdérbarreira, regido de Korrongulla Swamp
(modificado de SIos8t @l, 2005).........uuriiiieiiiiiiiie e e 22

Figura 9: As duas principais etapas que caracterizam o lmalutivo da barreira
holocénica no Hermenegildo (esquematica): passaumento do nivel do mar controlando a
transgressao da barreira (A-C); etapa 2 - balaegimentar negativo do sistema de praia
controlando a transgressao da barreira (D-F) (lat@, 2013)..........oovvviieiiiiiiiiiiieeeee e 23

Figura 10: Area de estudo no mar de Wadden, Dinamarca.nSistie barreira costeira
Skallingen—Langli (Fruergaat al, 2015).........cooiiiiiiiiiiiii e 23

Figura 11: Interpretagéo e cronologia da sequencia costeil@énica. Se¢do cruzada
a—a’' (SW-NE) intersectando o sistema de barresteta Skallingen—Langli (Fruergaastial,



Lista de figuras e tabelas do Artigo

Figuras

Figure 1: Stratigraphic chart of the Gondwana | Supersequehdbe Parand Basin
(Milani, 2004), with the Carboniferous-Permian siion at the base of Rio Bonito Formation
acording Cagliari et al. (2016).........ceetcccmmriiiiiiiie i 32

Figure 2: Location map of the study area. A) The study ame@e Parana Basin within
South America. B) The study area seen in detaite Kuat the area is close to the border of the
Riograndense Shield. C) Detailed map showing Indl®ine, the stratigraphic sections NE-SW
and NW-SE crossing one another and the logged @medl ®oreholes..............ccccceeeiines 33

Figure 3: Core photographs of the sedimentary facies. A) baieid siltstone interpreted
as lagoon sediment (IC-045-RS). B) Massive siltstorerpreted as lagoon sediment (1C-036-
RS). C) Fine- to medium-grained quartz sandstortb parallel to subhorizontal lamination,
interpreted as foreshore deposits (IB-004-RS).iB¢-Ro medium-grained quartz sandstone with
trough cross-bedding interpreted as shoreface isupggposits (IC-036-RS). E) Fine-grained
sandstone with laminae of siltstone with hummockgss-stratification interpreted as lower
shoreface under storm conditions (IC-045-RS). RgFio very coarse-grained arkosic sandstone
with trough cross-bedding interpreted as fluvialamhel bar tidal-influenced (IB-012-

Figure 4: Topographic map for the studied area before sadatien. The trend NE-SW
is parallel to the paleoshoreline and arrows irndi¢he orientation of wave action. The red to
yellow areas in the map represent a depressediregioounded by subaerial sediment deposits
(green to bIUE COIOIS)......cccoi i ae e 37

Figure 5: Isopach map of the Upper Irui Coal Bed consideitiregdatabase of 94 logged
and cored boreholes. Note that the maximum thide®are surrounded by low thicknesses of
coal which indicates a depressed area susceptblgrdater deposition through time. The
thickness is eXpressed iN MELEIS.........civiieeiieiiiieeieeieee e e e eeaaa e 38

Figure 6: Stratigraphic sections showing the barrier-lago@paditional sequence.
Section 1 (NE-SW) is parallel to the paleocoaste liand Section 2 (NW-SE) is
0T '0 1T T [ Tod 1 1 - 40

Figure 7: a) Sediment supply during the simulation (Qsedkrii/Myr) and time (in
Myr). Between t=0 and t=0.5 Ma the organic mattaswroduced and accumulated in situ, thus
without fluvial or marine sediment supply. b) Ralat sea level change during the
SIMUIATION. .. o e et e e e e e et e e e e e 43

Figure 8: Simulation result of peat accumulation during 580 which shows the
spatially distribution of peat-forming environmenith the greater length parallel to the
paleoshoreline located toward the northwest. Algjothe Upper Irui coal bed has elevated ash
content the simulation considered no external ssurof sediment supply. Legend colors
represent relative content of coal (Or peat)...........o.oviomeme e vi i e e 44



Figure 9: Simulation result of the lagoon deposition at K@Oexpressed in terms of silt
relative proportion. Red arrows indicates thersitin source position, the fluvial located in the
southwest and the marine located northeast, anblleearrow represent the sediment transport
direction by longshore currents which simulatesséuedy barrier development........ 45

Figure 10: Isopach map of the laminated and massive siltstaoes. The siltstone
distribution occurs as an elongated geometry inQWWeNE direction, a similar distribution as
seen in the coal facies (see Fig. 9) and becomaarwoward northwest, which suggest one of
the sediment sources. The cores in the highlighteds have sandstone (or even conglomerates)
directly overlying the Upper Irui coal mine whichdicates a fluvial source sediment in the
SOUT N ST, .o e e e e e 45

Figure 11: Simulation result in time 1.05 Myr showing the oar transgression over the
lagoon. Sediments deposition is in terms of safative proportion. Blue arrows represent the
continental (southeast) and marine (northwestnsedi Sources.............ccocvvvvvvevenn.n. 46

Figure 12: Simulation result showing the Sandy barrier tra@sgjon over the continental
deposits in time 2.0 Myr. Sediments deposition ieims of sand relative proportion. Blue arrows
represent  the  continental (southeast) and marine orthimest) sediment
510U o 47

Figure 13: Comparison between the geologic and the simuldatatdgaphic model. (a)
Simplified stratigraphic section 1, SW-NE paralielthe paleocoast line (complete section in
Figure 6). (b) Forward stratigraphic section 1, W-E............ccoiiii i 48

Figure 14: Comparison between the geologic and the simulatatdggaphic model. (a)
Simplified stratigraphic section 2, NW-SE, perpenthr to the paleocoast line (complete section
in Figure 6). (b) Forward stratigraphic sectiomN2S..............cocei i, 49

Figure 15: Comparison between the sedimentary record andrthdated succession of
the 1B-004-RS core. Simulated laminated/massitstsiie facies is thicker than the sedimentary

record generated by the absence of erosion procdssing the coastline
L= EY0 | =1 o] o 50

Tabelas

Table 1: Description and interpretation of the Rio BonitrifRation sedimentary facies
comprehended in the analyzed depositional SEQUENCES. ..........ccevvieiieiiiiieiii s 35

Table 2: Input data summary in the forward stratigraphiowugation...................... 42

10



1. Introducéo

Os sistemas laguna-barreira sdo sistemas costeltamente dindmicos, de alta
complexidade, que requerem estudos detalhados alagesniogia e geomorfologia para a
compreensdao de sua génese. Estes ambientes padetosdecidos nos registros sedimentares
da Formacéao Rio Bonito, na Bacia do Parana, atideéssinaturas estratigraficas caracteristicas
dos elementos que compdes estes sistemas (Lavim@pes, 1987). A complexidade dos
ambientes deposicionais existentes no passado acatsdpoucos dados obtidos através dos
registros sedimentares antigos e as alteracOeseripnes dos mesmos, compdem uma
problemética para a reconstrucéo desses depdsitos.

A fim de interpretar e compreender a sequénciaveates que ocorreram durante o
Permiano, a modelagem geoldgica atua como umarfenta de extrema importancia. O sistema
laguna-barreira tem sido o modelo deposicionabaitio a formacao de importantes jazidas de
carvao da Formacéo Rio Bonito no Rio Grande dostundo este bem detalhado na literatura e
aceito pela comunidade cientifica (Lavina e Lod®€87; Lopes e Lavina, 2001; Kern, 2008;
Cagliari, 2014). Entretanto, a formacao das baam@mosas que separam a laguna ou area
pantanosa do mar ainda ndo € bem explicada, umgueezesulta da interacdo de processos
complexos como a a¢ao das ondas e correntes delfstirdos sedimentologicos e estratigraficos
mostram que as barreiras arenosas seriam formadasamitos finos a grossos, quartzosos, com
gréos bem arredondados, e constituidas por faeisbhatefacee foreshore(Lavina & Lopes,
1987; Lopes & Lavina, 2001; Kern, 2008; Cagliaf®12). As barreiras apresentam direcdo
aproximadamente SW-NE e isolam corpos lagunaresipasos do mar aberto, sendo geradas
neste contexto laguna-barreira as principais casnde@arvao da Formacédo Rio Bonito.

A area de estudo do presente trabalho envolve pésiles da Formacgédo Rio Bonito
localizados na regido central do Estado do Rio @Grato Sul, correspondentes a area da jazida
carbonosa Irui, Bloco Central. Os testemunhos eradips da drea em questdo estao dispostos
em uma secdo NW-SE, a qual é perpendicular a pdteotie costa, e em uma secdo SW-NE,
paralela a antiga linha de costa (Fig. 1). A fimeddmar o paleoambiente lagunar e posterior
conexdo com o ambiente marinho, também foram udados os testemunhos que continham a
camada de carvao Irui Superior, representante dddeate pantanoso no sistema costeiro, e o

siltito subsequente, que sugere a conexao desseraembom o ambiente marinho.
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Figura 1: Mapa de localizagdo da &rea de estudo. A — Lzargd#lo da Bacia do Parani na América do Sul. B
— Localizagdo da area de estudo no Rio Grande deButelacdo a Bacia do Parand e a distribuicéfadatas de
carvdo. C — Distribui¢do dos furos de sondagem ea de estudo e das sec¢des 1 e 2, de direcdo NWNEESAV

(modificado de Cagliari, 2014).

2. Objetivos

O objetivo geral deste estudo foi compreenderradgéo e a evolugdo do sistema laguna-

barreira registrado na Formagéo Rio Bonito na ced# jazida carbonifera Irui Central. Desta

forma, através do presente trabalho, pretendecgasecterizar as facies do sistema laguna-

barreira da Formacdo Rio Bonito na regido da jaz@donifera Irui Central; mensurar os

depdsitos; testar os modelos laguna-barreira ptoposa literatura para a area de estudo; e

simular os processos geoldgicos que controlaragpadicao neste sistema costeiro através da

utilizacdo de unsoftwarede modelagem geoldgica, o qual tem como base asipids da

difusao.

3. Contextualizacao

3.1. Bacia do Parana e Formacéao Rio Bonito

A Bacia do Parana, que estd localizada na porcatroesul da Ameérica do Sul,
compreende uma area com cerca de 1.600.000 kratygddo as areas da regido sul, sudeste e

centro-oeste do Brasil, e estendendo-se a Argeftdiniguai e Paraguai. Esta bacia é classificada
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como intracratdnica, estando totalmente contidplaea sulamericana, sem nenhuma relacéo
direta com as margens desta placa. Segundo M#2864{, o formato atual da bacia é reflexo de

fendmenos pospaleozdicos do continente sul-ameriaanquais reduziram significativas areas

do contexto deposicional original (Fig. 2).
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Figura 2: Mapa geoldgico simplificado da Bacia do Parana, carantorno estrutural (profundidade) do
embasamento cristalino (Milani, 2004).

As idades que caracterizam a Bacia do Parana estdpreendidas entre 465 Ma e 65
Ma, sendo correspondentes aos periodos Neo-Ordonui@ Neocretdceo, respectivamente. Ao
longo desses periodos, eventos sucessivos de seagie acomodaram o0s depositos
sedimentares dando origem a uma bacia de regisioigtico. Desse modo, a bacia compreende
seis sequencias sedimentares de segunda ordemheemas por Milani (1997), as quais foram
influenciadas por eventos de subsidéncia e soeeguansendo elas: Supersequéncia Rio Ivai
(Ordoviciano-Siluriano), Supersequéncia Parand ¢bBewo), Supersequéncia Gondwana |
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(Carbonifero-Eotriassico), Superseqiéncia Gondwliaihdeso a Neotriassico), Superseqiéncia

Gondwana Il (Neojurassico-Eocretaceo) e Superseig@®auru (Neocretaceo).

Dentre as sequencias definidas por Milani, a Segeéncia Gondwana |, composta
pelos Grupos ltararé, Guata e Passa Dois, corrdepmmaior pacote de rochas sedimentares
da Bacia do Parand e registra mudancas paleoawiBiestintrastantes que ocorreram no
Continente Gondwana ao longo do tempo, desde oduegilacial do Carbonifero Superior até os
tempos secos e aridos durante o Triassico (Vieiet al,, 2011). Pertencente ao Grupo Guata, a
Formacéo Rio Bonito, de idade Permiana, € uma daidstratigrafica de grande significado
econdmico para a regido Sul do Pais, devido esdemite a existéncia de jazidas carboniferas
em seu contexto deposicional. Esta formacao é geptada principalmente por arenitos finos,
siltitos e siltitos carbonosos que se intercalacamadas de carvdo (Bortoluzt al,, 1987),

registrando uma variedade de dep0sitos costemi@hos.

A Formacéao Rio Bonito é composta de uma variedadesdinaturas estratigraficas, que
representam os diversos ambientes deposicionderogsexistentes no passado. A presenca de
estratificacbes cruzadasand wavesacamadamentwavy e linsen estratificacdes cruzadas
hummockyassinaturas biolégicas e granulometria variarepeditos carbonos a arenitos muito
grossos, caracterizam os sistemas deposiciondisirossdas jazidas de carvdo Capané, Irui,

Pantano Grande e Led&o, definidos por Lopes e L420@1).

Segundo Lopes e Lavina (2001), os depdsitos costeirmarinhos do Rio Bonito, ha
regido carbonifera do Jacui, registram assinatdeagstruturas caracteristicas dos sistemas
deposicionais deltaico, estuarino, de barreiraditeas e marinho raso e marinho de costa afora,
demonstrando um ambiente bastante varidvel e camplevido as mudancgas do nivel de base,
provocando a migragéo desses ambientes, ora egadi@e continente, ora em diregdo ao oceano.
Os autores verificaram que camadas de carvao sewadgem ao longo das parassequéncias
identificadas, as quais estariam associadas agutagbes deltaicas, restricdo de corpos lagunares
por sistemas de barreiras litoraneas ou ao assemeantle areas lagunares por sistemas

estuarinos.

Kern (2008) verificou que o intervalo da Formacé&o BRonito, na regido do Bloco
Central da Jazida do Irui, corresponde a um grawveato transgressivo de segunda ordem
(Sequéncia Deposicional Irui Central), devido aslatmmento da linha de costa para posi¢cées
cada vez mais altas. As litofacies identificadaarforelacionadas a barras fluviais, planicies de
inundacao, depdsitos lagunares, deltas lagunapgsimarginais, planicies de maré, barras de
maré, ambientes pantanosos, baia estuddreshore shorefacee transicdo paraaffshore Os

sistemas laguna-barreira identificados neste tnabapontam que os mesmos foram formados
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devido ao desenvolvimento de corddes litoraneosquass foram construidos pela deriva

litorAnea, isolando regifes de enseadas e baias.

Cagliariet al. (2014) constataram que a sucessdo sedimentarrde¢do Rio Bonito
consiste de facies estuarina, costeira, de plaoidsiteira e de depositos marinhos rasos (Fig. 3).
Estes depdsitos ficaram sujeitos as flutuacGesless de base, alterando a composicao destes
sistemas. As sequéncias analisadas pelos autaliearmque os depoésitos carbonosos teriam
ocorrido por acumulagdes em uma lagoa protegidanao que os depdsitos lagunares sem
evidéncias de carvao, que estariam abaixo de asanirinhos rasos, indicam a existéncia de um

sistema de barreiras mais aberto, contendo um uimets

STRATIGRAPHIC SECTION 1

NW IB-A37-RS" 1B-138RS" BATTRS CADTERS"™ B-006-RS* 1B004RS" 1C-006-RS* 1C-032.RS" SE

25hm 32kn B Z8km 234 23k

Aezommogation
| Stmigraphic
+ Surfaves

Depositanal
Sequences

512
| 5:12
.11
| TS0
£ (fs-10]
2
| - TS:10
&
s9
- IS
58
57 I
56 =
55 i =l
a ; L
- 2 s + P EEE T
= + + g5k 3
+ B
3 (R
g |[sa iz &
g LEGEND
+
| = S ++ B == Bidirecional cross-stratification Accommodation decreasing
B Offshore transition “%.. Trough cross-stratification
e H B Gravity flow deposits = Subhorizontal lamination, and
sz . B FA-1 Fluvial parallel cross-lamination or stratification A Rocpmmetiarincmaty
b FA-2 Estuarine <= Hummocky cross-stratification 3 ? reasng
FA-3 Barrier island —= Ripple cross-lamination
i "_._: FA-4 Back barrier ~==.Climbing ripple cross-lamination
1 ’ = ‘ST"dSIDnE ~— Mud drapes == Carbonaceous
2 o L Siltstone W@ Plant fragments % Slikensides
. i s + EH = g\uaay‘stnne — Rizoturbation { Weak bioturbation
M == Paleoweathering § Moderate bioturbation
+ o+ 2 =
E + ' Conglamierals === Dropstone % Intense bioturbation

. ] Not recovered
PR m

aa 5 § —— SU: subaerial unconfarmity - - —= wRS: wave ravinement surface MFS: Maximum flooding surface
* Boreholes decribed by Kern (2008) and Gandini et al. (2010). ™ Boreholes described in this work.

Figura 3: Secdo estratigrafica 1 da area da jazida IruiBleco Central, retirado de Cagliaet al. (em
submisséo). Destacado em vermelho a sequéncia-10),(8orrespondente ao sistema laguna-barreifodaacéo
Rio Bonito.

Em todos os trabalhos, os autores interpretam pdsides como sendo de ambientes
costeiros e reconhecem a existéncia de sistemagpadaguna-barreira. Deste modo, estes
modelos propostos para a regido de estudo e algaates sdo de significativa importancia
para a compreensao e interpretacdo dos dados idbraegeoldgico da area em questéo, no que
diz respeito a estruturacdo do modelo a ser gatadees deste estudo.
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3.2. Ambientes deposicionais

3.2.1.Barreiras litoraneas

As barreiras litorAneas sdo como ilhas arenosaseuiesenvolvem paralelo a costa
através de processos de transporte e deposicaedaeestos, refletindo a acdo das ondas e
correntes litordneas (Davis, 1994). Estes depdsédsnentares fazem parte de um sistema que
pode ser composto por dunas, zonas vegetadaserdgpantanosos, ocorrendo entre a regiao
praial e lagunar (Fig. 4). O lado marinho da baareofre a a¢édo direta de ondas e mareés, sendo
geralmente dominado por um desses agentes, engyentlado voltado para o continente sofre
fica mais protegido da dinAmica marinha, sofremflo@ncia apenas das marés e dos processos

que ocorrem no interior lagunar.

DUNES
WASHOVER

TIDAL flAl’

Figura 4: Esquema de um sistema de ilha-barreira (Modifigel®einson, 1992).

Os processos formadores das barreiras levam aowadgeento de dois tipos de
sistemas: regressivo e transgressivo (Reinson,) (%@ 5). O primeiro é caracterizado pela
sobreposicdo de depdsitos terrestres em relacdseatismentos marinhos, representando a
migracdo dos ambientes em direcdo ao oceano, gumd® pela migracdo da linha de costa
continente adentro, ambos mantendo o perfil delibgoi descrito por Dean (1977). Estas
migracdes podem ocorrer por diferentes alteragdesniviente, como mudancas no nivel do mar
e no aporte sedimentar. As facies arenosas donsist@o compostas peborefaceforeshore
dunas, planicies deashovere deltas de maré, enquanto que as facies de gcaouiais fina
compreendem o fundo lagunar, a planicie de maréas antanosas (Reinson, 1992) (Fig. 4).
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O shorefacepode ser subdividido em trés zonaborefacesuperior, na zona de surf;
shorefacamédio, na zona de quebrasigorefacanferior, na zona dshoaling(Reinson, 1992)
A acao intensa das ondas afetshorefacanferior somente durante eventos de tempestades. A
presenca de areias mais finas com camadas de |damirecdes planares caracterizam esta
regido. O shorefacesuperior sofre influéncia regular das ondas, @mtesdo areias de
granulometria fina a média. O dominio de corretdegitudinais podem gerar depdsitos de
barreiras arenosas paralelas a costa, sendo coraxist@ncia de estratificacdes cruzadas como
resultado do fluxo unidirecional da corrente. A aate surf como um todo é dominada por
estratificagOes cruzadas acanaladas multi-diresi@nestratificagdes cruzadas planares de baixo

angulo (Boggs, 2006).

REGRESSIVE(PROGRADING) TRANSGRESSIVE
BARRIER MODEL BARRIER MODEL
e 10 e i)
BACKSHORE -
DUNE
.
WASHOVER
¢~ MARSH
WASHOVER
CHANI
. TIDAL FLAT
FLOOD TIDAL DELTA
2
SUBAQUEOUS
LAGOON
o
7] sanpsTONE [Z==] puane Be0S
SILTY SHALE @] PLANAR CROSS BEDDING
[F=] coa Lenses [&&X] ™ouaH cross BeooING
Rl SR ™[] me e

Figura 5: Sucessdo de facies de ilha-barreira associadaegimses transgressivo e regressivo (Reinson,
1992).

Oforeshore correspondente & zonasleash se encontra entre os limites das marés baixa
e alta. Apresenta predominantemente areia fina diambavendo um dominio de laminag6es
paralelas de baixo angulo na estrutura dos degé&itn meio as suas areias quartzosas, € comum
encontrar finas laminas de minerais pesados. Aoedgbackshoreé dominada pela deposicéo
de sedimentos por ondas de tempestade, alternando transporte e deposi¢céo de sedimentos
eolicos, sendo comum a existéncia de dunas edfisasstruturas sedimentares séo caracterizadas
por laminas sub-horizontais e estratificacdes ctaza@canaladas, comumente bioturbadas e com

marcas de raizes (Boggs, 2006).

3.2.2.Sistemas laguna-barreira
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Os sistemas deposicionais do tipo laguna-barreirfosnam basicamente devido ao
isolamento de corpos lagunares por barras arerasasiais sdo formadas pela acdo de agentes
como o vento, ondas e correntes, que transporgmosiam e retrabalham sedimentos ao longo
da linha de costa. A combinac&o dos ciclos trassgres e regressivos, as caracteristicas fisicas
da costa e o aporte sedimentar, influencia diretéenea estruturacédo destes sistemas, gerando
ambientes altamente complexos, que podem ser wddes por campos de dunas, lagos, areas
vegetadas, terrenos alagadicos e turfeiras, euargnge. Este contexto deposicional pode ainda
ser dominado por alguns agentes, como ondas ousmdependendo de fatores como a

morfologia da costa, o aporte sedimentar, o nigehdr e a hidrodinamica do local.

As barreiras podem migrar paralela ou perpendicwate a costa ou entdo
permanecerem paradas de acordo com a oferta daesg#ds e as condicBes hidrodindmicas.
Estes depoésitos podem se comportar de forma cangiodongo da costa, com a presenca de
poucos canaidr{lets), ou com uma maior comunica¢gdo com o meio mariapgsentando mais
inlets ao longo de sua composicdo. A primeira situacite pmorrer em funcdo da atuacdo
significativa das ondas e/ou da deriva litorAnemtinada com uma boa disponibilidade de
sedimentos no meio. Em contrapartida, as barré@ssontinuas podem indicar a agdo das marés

e/ou de ondas de tempestades recentes, que s@aesdpaomper estas barreiras.

As lagunas costeiras, componentes dos sistemasaldigureira, correspondem a corpos
rasos de agua, com uma restrita comunicagdo conbi@ate marinho, e geralmente encontram-
se paralelamente a linha de costa em relacdo agselongitudinal. Estes corpos de agua sao
separados do mar pelas barras arenosas e a cogmaare os dois ambientes ocorre atraves
de um ou mais canais, como abordado no paragrego@nSua formagéo pode ocorrer pela agdo
de ondas e correntes comandadas pela dinamicajleealansportam e depositam sedimentos ao
longo da costa, fechando total ou parcialmenteéskatravés do desenvolvimento das barreiras
(Gilbert, 1885), ou pelo afogamento de cristas rdgapdevido a subida do nivel do mar (Hoyt,
1967) (Fig. 6).
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Figura 6: Esquema da formagao das lagunas costeiras ddgoagam Gilbert (a) e Hoyt (b) (Pinet, 2008).

As lagunas sdo mais abundantes em costas de baiégia amplitude de maré e em
latitudes médias. No geral, nas altas latitudesparte sedimentar € baixo, portanto as costas
emergem por isostasia, ao passo que em baixaglédit alta carga sedimentar proveniente dos
rios favorece o preenchimento das lagunas rapidenmena formacao de deltas (Maréhal,
1993). Correntes de maré e ondas geradas pelo gentmam os processos sedimentares nas
lagunas. A sedimentagcdo é dominada pela deposg&@&edimentos finos (silte e argila), mas
eventualmente ondas de tempestade podem caashovede sedimentos arenosos provenientes
das barreiras. Deste modo, as lagunas podem afaedepdsitos de fundo lamosos e ricos em
matéria organica, contendo registros de atividamlédica, com pequenas intercalacdes de areia.

Segundo Reinson (1992), as sequéncias lagunadmgate consistem de intercalacfes
de arenito, siltito e carvao, correspondendo &facaracteristicas de sobreposicao de ambientes
(overlapping. A existéncia de jazidas carbonosas associadasapos lagunares depende de

diversos fatores, entre eles a quantidade de ratéyanica produzida e a taxa de acomodacao.

Os processos envolvidos na formagdo dos sistergardebarreira, apesar de bastante
estudados, sao dificeis de serem compreendidosnide farma geral devido a sua alta
complexidade. A teoria de Beaumont (1885), propde, gom a subida do nivel do mar, as
barreiras resultam da emersédo e migracdo de bemeassas em direcdo a praia. Estas barras
arenosas migrariam devido a combinacao da eros&hatefacecom owashoversobre o lado
da barreira mais préximo do continente. Gilber8&)8 propds que as barreiras evoluem devido
a acao da deriva litoranea ao longo dos cord@atieos que possuem uma de suas extremidades
conectada ao continente. Hoyt (1967), concluiuugqua ilha-barreira se formaria pela construcao

de um cordéo arenoso ao longo da costa, atravitardporte e deposicado de sedimentos trazidos
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pelo vento ou pela agua. Este cordao sofreria agdm pelo aumento do nivel do mar, dando

origem a uma barreira e uma lagoa.

No entanto, a formacdo dos sistemas laguna-barngiraa de acordo com as
caracteristicas de cada ambiente costeiro, existindltiplos fatores que podem controla-la.
Diversos estudos que abordam os componentes degtrras vém sendo realizados, buscando
compreender e explicar o desenvolvimento dos degsdsassociados a estes ambientes
deposicionais (Daviest al, 1971; Bridges, 1976; Reinson, 1979; Rampino md&es, 1981;
McCubbin, 1982; Krafet al, 1987; Roehler, 1988; Oertef al., 1992; Oost e Boer, 1994; Li e
Wang, 1994; Marocet al, 1996; Anthony e Blivi, 1998; Kroonenbeggal, 2000; Sloset al,
2005; Hodgekinsort al, 2008; Stormst al, 2008; Pérez-Arluceat al, 2011; Wanget al,
2012; Coopeet al, 2012; Limaet al, 2013; Fruergaardtal., 2015; entre outros).

Reinson (1979) sintetizou as sequéncias estratigeaflos sistemas de ilhas-barreira em
trés modelos deposicionais (barreira regressivegibatransgressivairlet de barreira) para que
pudessem ser utilizados nas interpretagfes de ittepés registros antigos. Para isso, o autor
estudou os depdsitos modernos juntamente com negjiahtigos, descrevendo caracteristicas
como sua origem, ocorréncia, facies e litofaciescdnstruindo, juntamente com outros estudos
(Hayes e Kana, 1976; Kraft, 1978), a teoria existené meados de 1970, de que existiria um

unico modelo deposicional de ilhas-barreira (Modkldlha Galveston).

Oost e Boer (1994) forneceram um aspecto geratdiangntologia da por¢ao holandesa
do Mar de Wadden, constituida por ilhas-barreican dbase em estudos pretéritos. O estudo
compreende ambientes deposicionais transicioraiss,como: ilhas-barreira, deltas de maré
vazantejnlets e backbarriers As ilhas-barreira, especialmente, foram descetearacterizadas
no trabalho, bem como os principais agentes atsange formagdo e evolugdo de sua
configuracdo. Wangt al (2012), procuraram identificar as lacunas no eoimhento sobre a
morfodindmica costeira do mar de Wadden, focandprexessos fisicos como a interagéo entre
movimento da agua, transporte de sedimentos @¢les da morfologia e composi¢éo de fundo.
Também apresentaram uma viséo geral do estadtedsoéire as pesquisas feitas na area, porém
com a finalidade de confrontar as informagdes attpd com maiores questdes voltadas para o

manejo e criacao de politicas para o ecossistemaadae Wadden.

Anthony e Blivi (1998), caracterizaram a evolugaorimsedimentar de um complexo
laguna-barreira (Fig. 7), no golfo oeste de BeRste sofreu influéncia antropica, de modo que
diminuiu o aporte fluvial para o sistema. Os algarenstataram que a progradagédo da barreira
na baia ocidental de Benin diminuiu consideravetmen cessou provavelmente antes 3400 anos
A.P. A reducéo da oferta fluvial direta, agravadayma barragem concluida em 1961, induziu

a erosao da barreira e depositoslderefacecomo compensacao da acao da deriva litoranea. A
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construcdo de um porto de aguas profundas em I6BéEm afetou o sistema. Ambas as
mudancgas tiveram impactos consideraveis sobre &nifia de sedimentos e estas alteracdes
acabaram induzindo novos padrdes de comportamemtbadreira, incluindo a dindmica

transgressiva e regressiva em varios locais amldagosta.
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Sea lovel

[t =] Terrede Barre (Pleistocene) Lower shoreface
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] Transgressive sand and gravel
EE
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Upper shoreface
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Figura 7: Interpretacéo sistematica da estratigrafia darlagbarreira, com base em dados de sondagem,
observacdes de campo e correlacdo com os maisadobealepositos laguna-barreira adjacentes (AntleoBlivi,
1998).

Slosset al (2005) buscaram compreender a evolucao das fzarestuarinas do Lago de
lllawara, Austrélia, em resposta a elevacdo dolmgemar, para adicionar informagcdes aos
modelos de previsdo. A pesquisa resultou em umalogia detalhada para a deposicado dos
depdsitos transgressivos, crescimento de bareogosterior desenvolvimento do ambiente de

retro-barreira estuarino devido as flutuac6es gelmio mar holocénicas (Fig. 8).

Pérez-Arluceat al (2011) observaram a influéncia da dindmica prdialtempo e das
condicBes climaticas marinhas sobre a hidrodinardiwasistema laguna-barreira do Louro,
Espanha, a fim de avaliar as consequéncias dasngaglalimaticas e sua influéncia na
arquitetura sedimentar. Através deste estudopfsipel caracterizar as condi¢des (ventos, mare,

correntes, tempestades) que regem a configuracéistdéma para o periodo estudado.

Lima et al. (2013) apresentaram um modelo evolutivo de umaeibarcosteira no
extremo sul Brasil durante o Holoceno. O conjurdalddos foi baseado em testemunhos de 15-
20 m de perfuracéo e registros de GBRnd-penetrating radar A evolugdo da barreira incluiu
duas etapas principais (Fig. 9): a retrogradacawmad®ira controlada pela elevacéo do nivel do
mar durante a transgressao marinha pés-glaciateguénou em cerca de 6000-5000 anos A.P.;
e uma retrogradacao da barreira controlada poralam@o sedimentar negativo do sistema praial
durante os ultimos 6000-5000 anos em um perioderda queda do nivel do mar de cerca de 2
m. Durante a segunda etapa, a barreira migrou devidrosdo costeira (balanco sedimentar

negativo) e a transferéncia de areia pelo ventgueels de sobrelavagem.
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Figura 8: Estratigrafia e cronologia dos depositos trarsgives com influéncia marinha associada com a

fase inicial da evolucdo do estuario de barre@ggiaio de Korrongulla Swamp (modificado de Slketsal, 2005).

Fruergaardet al. (2015) apresentaram uma reconstru¢do detalhada et®ts
sedimentares da subida do nivel do mar holocémnicare sistema moderno de barreira na costa
da Dinamarca (Fig. 10 e 11), parte mais ao nort@aiode Wadden, com a finalidade de melhor
compreender a resposta do sistema em relacao angasddo nivel do mar. Através da andlise
de cinco testemunhos retirados da regido de estglautores identificaram onze unidades
sedimentares holocénicas especificas (unidadesl), ama unidade pleistocénica (unidade 12)
e quatro superficies estratigraficas. Cada unidieterita reflete um ambiente de deposicao
especifico que pode ser agrupado em terrdxtod;-barriere ambientes costeiros e marinho raso.
A evolucao e a sequéncia estratigrafica do sistiarzarreira costeira estudado foi reconstruido
através da analise de facies, datacao de altasg@eoDSL (Optically Stimulated Luminescence)

e datacdo por radiocarbono.
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Figura 9: As duas principais etapas que caracterizam o lmoelolutivo da barreira holocénica no

Hermenegildo (esquematica): passo 1 - aumentowd eid mar controlando a retrogradagdo da bartai@); etapa
2 - balango sedimentar negativo do sistema de poaittolando a retrogradacéo da barreira (D-F) 8éiral, 2013).
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Modelagem € o processo através do qual um modgdoaglo. O método compreende a
utilizacdo de uma ferramenta computacional ou daralepara o desenvolvimento de modelos
de sistemas reais observados (modelagem inversdg modelos preditos (modelagem direta).
Existem diversos tipos de modelos matematicos,pgaem ser empregados de acordo com o
sistema a ser modelado e a finalidade pretendida (). Os modelos permitem uma
aproximacao dos processos reais por meio de unurdongde equacdes matematicas que 0s
representam. Sendo assim, o modelo é uma simgéficala realidade, uma vez que nao
compreende todas as propriedades existentes renaisteal (Christofoletti, 1999). A alta
complexidade do conjunto de processos que atuasisteama, torna inviavel a consideracao de

todos esses fatores (Nirmalakhandan, 2002).

|N§0-causais| | Causais |

|E5ta'ticos ‘ | Dindmicos ‘
I—‘—\

‘ Estocdsticos | ‘ Deterministicos |

——

Pardametros Pardmetros
Distribuidos Concentrados

| Nﬁn-lineares| ‘ Lineares |

Variantes Invariantes
no tempo no tempo

| Discretos ‘ ‘ Continuos |

Figura 12: Classificagdo de modelos matematicos (Nirmalakiaan2002).

z

O objetivo da modelagem é obter uma maior compdemo sistema que se esta
estudando de acordo com 0s processos mais relsyaéte sendo possivel compreendé-los em
sua totalidade. Entretanto, € necessario se texuidado para ndo simplificar o modelo a ponto
de mascarar informacdes importantes. Deste moda gpeonstrucdo de um modelo geoldgico, é
imprescindivel a escolha de uma ferramenta de ragdei que supra as necessidades do objetivo
pretendido. A escala dos processos, o nivel déhdetanto, bem como o que se pretende com a
geracdo do modelo, é determinante na escollsaftilwareideal, implicando diretamente sobre a

precisdo e a relevancia do modelo para as integi@fes posteriores (Nirmalakhandan, 2002).
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Segundo Harari (2015), a escala esta fortemerdeioalada com a resolu¢cdo do modelo, que é
definida pela distancia horizontal entre os pomtescalculo de uma grade computacional. A
resolucao definira quais fendbmenos deverdo senegaé incluidos nas simulagdes e quais seréo

omitidos ou simplesmente parametrizados.

Os programas de modelagem podem ter como baseerddsr principios no seu
funcionamento. Na simulacdo de modelos estrat@pgfios principios da difuséo, processo que
define a forma de espalhamento de um determinaldoneode sedimentos de acordo com um
fluxo e um gradiente, podem suprir as necessidagggeridas nas simulacdes de longos
intervalos de tempo (da ordem de milhfes de aresg)ecialmente em registros geoldgicos
antigos. Estes modelos podem mostrar o preenchinedtmentar nas bacias em larga escala de
tempo, possibilitando inferir determinadas condsc@®s ambientes que ndo podem ser
interpretadas apenas através dos depdsitos. Ddestes principios, software Dionisos®
(Diffusive Oriented Normal and Inverse Simulatioibetlimentatioy desenvolvido pela Beicip-
Franlab, € umsoftware de modelagem estratigréfica tridimensional que yiossstas
caracteristicas. Este programa é bastante comgexseu funcionamento, porém é regido

basicamente pela equacéo da difuséo, a qual éd#efiar:

sendog, o fluxo de sedimentos por unidade de largiap coeficiente de difusdo modificado
porD' =D x C,, ondeC, € a concentracdo de sedimento® & o coeficiente de difusdo em
m/sZ;h a altura acima de udatumhorizontal; ex a distancia na horizontal na direcédo do fluxo.
Este software € um dos programas mais utilizadasdiestria do petréleo para avaliar
a arquitetura sedimentar, a distribuicdo de faeiaspaleobatimetria. Ele foi desenvolvido para
ser utilizado na modelagem estratigréafica tridinms em escala de bacia, permitindo simular
a distribuicdo sedimentar em grandes intervalo®ihpo (escala de milhdes de anos), o que o
diferencia de programas que requerem um maior ldetento de dados. Neste contexto, a
modelagem direta realizada a partir de registransntares pontuais, representantes de
paleoambientes com centenas de milhfes de anos @®hepdsitos da Formacao Rio Bonito,
ndo proporcionam uma base de dados muito diveaddico que requer um programa que

considere estas caracteristicas.
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ABSTRACT

This article presents the evolution of a coal-bgpfagoon-barrier system at southern
Parana Basin, Brazil, based in stratigraphic madetchniques. The main goal of this research
was to simulate the origin and evolution of thisteyn considering the relative sea level
variations. The database comprises 75 logged ble®iwat provided data about the main coal
bed deposited behind the barrier as well as 19dcane logged boreholes distributed along two
stratigraphic sections parallel (NE-SW) and perpandr (NW-SE) to the paleoshoreline. After
compilation and processing, the dataset was uptbadé¢he Diffusive Oriented Normal and
Inverse Simulation of Sedimentation (DIONISOS) waite in order to establish the basic
parameters and to simulate many different dataigorgdtions. The described facies were
interpreted as swamp, lagoon, sandy barrier aretiniuenced deposits. The coal bearing
succession developed along the transgressive sysietnwhich includes the peat deposition in
the swamp, the barrier breakup and the migratioth@foarrier landward. The evolution of the
system during the highstand system tract showethtgeation of the barrier seaward. A relative
sea level rise of about 16 m allowed a strong ¢atiom with those data exhibited by the

stratigraphic sections along 2 Myr. The modelingntdbuted to the understanding of the
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evolution of the lagoon-barrier system in the pgstudied, allowing establishing the relative sea
level curve and the likely locations of sedimenpy in this environment. However, modeling

allows obtaining data that can not be obtainedutfinche sedimentary analysis.

KEYWORDS: lagoon-barrier system, coal-bearing successionwdit stratigraphic

modeling, barrier transgression, Parana Basin.

1. Introduction

The Rio Bonito Formation is a stratigraphic unidely distributed along the eastern
border of the Parana Basin, studied sincebgginningof the twentieth century (White, 1908).

It is characterized by mudstones, siltstones, sands and conglomerates with a number of
different sedimentary structures such as horizosual wave-ripple cross laminations, trough,
planar and hummocky cross-stratification as wellgeeded, wavy and linsen beddings. The
understanding of its geological evolution is a pretcof different approaches. The facies models
represent the integration of sedimentological datla those provided by body fossiks.g, plant
remains) and biogenic structuresd, trace fossils and rizhobioturbation) (Netto, 198@tto,
2001; Buatois et al., 2001; Tognoli, 2002; TogdNetto, 2003; Boardman, 2006; Boardman,
2007; Gandini et al., 2010; Netto et al., 2012; Bozan, 2013) which allowed to refine
interpretation of marine and coastal subenvironsyeggpecially in places where a close-spaced
grid of cored and logged boreholes is available.

Among the marine and coastal settings of the peanboniferous Rio Bonito Formation,
lagoon-barrier deposits are particularly importhetause they host the main coal beds of the
Parana Basin at southern Brazil. They are defiyazbhtinuous or segmented, sandy-to-gravelly
bars that isolates the lagoon of the shorefacaghefluenced both by the continental and shallow
marine environments (Reinson, 1992). Deposits isfthture have been interpreted in the Rio

Bonito Formation by many authors since 1980’s (haw& Lopes, 1987; Lopes & Lavina, 2001;

29



Kern, 2008; Cagliari, 2014). Sedimentological amctgyraphical studies characterize these
deposits as formed by quartzose, well rounded;tbreparse-grained sandstones of backshore,
foreshore and shoreface settings whereas the Garbous siltstones and mudstones represent
lagoonal settings (Lavina & Lopes, 1987).

Despite studied for a long time around the worlie tomplexity of the coastal
depositional system and the partial record of g@apical history become the task of reconstruct
the depositional dynamic more difficult. Sandy s and muddy lagoons are product of the
interaction of winds, and wave and tidal currehtscoastal settings, the high rates of erosion
eliminate the possibility of a continuous recorditeé sedimentary processes and prejudice the
depositional interpretation. Considering all thedwaracteristics, the understanding of the
evolution of a lagoon-barrier must consider a dyieaapproach in which transport and deposition
of sediments might be observed and analyzed steqidpyin variable time-lapses. In order to
attend this premise, the results presented hereie wbtained through the 3D stratigraphic
modeling as a technique to improve the understgnafithe database as well as the definition of
the geological model to the evolution of the lagbanrier system.

The stratigraphic modeling has proven to be a pmvérol to reconstruct sedimentary
settings using hard data provided by well logses@nd outcrops and to estimate quantitatively
conditions not preserved in the geological rechirthis case, the technique helped us to integrate
data in order to elucidate different aspects oeti@ution of the depositional system that formed
the Ledo Coal Mine. The main contribution was tiineste the variation of the relative sea level

during the development of the entire lagoon-basystem and the possible source locations.

2. Geological setting

The Parana Basin represents a huge area in whilitnesgtary deposits and lava flows
took place between the Upper Ordovician to the Uipetaceous. It is distributed along the

center and south of Brazil and includes areas mddeai, Argentina and Uruguai and covers an
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area of approximately 1,600,000 kNlilani et al., 2007). The basin records six majeents of
sedimentation that represents supersequences,asudrio lvai (Ordovician-Silurian), Parana
(Devonian), Gondwana | (Carboniferous- Lower TrigggsGondwana Il (Upeer Triassic),
Gondwana 1l (Jurassic-Cretaceous) and Bauru (UpPestaceous). The supersequence
Gondwana lll includes rocks formed by lava flowsated with the Parana-Etendeka event

(Hawkesworth et al., 1992).

The sedimentary succession in which the lagoondyasystems are included are part of
the Gondwana | Supersequence (Fig. 1), the majoression of the Paran& Basin in terms of
volume and thickness. Its deposits is a completedacycle wedgasensuWhite (1908) that
records a wide variation of the paleoenvironmem@ahditions such as the carboniferous
glaciation, the permian climatic amelioration andcessive marine transgressions and the arid
conditions during Triassic. The analyzed intergapart of the Rio Bonito Formation, a post-
glacial unit characterized by marginal-marine andrine sandstones, shales and siltstones
intercalated with carbonaceous fine-grained rockd aoal beds (Schneider et al., 1974;
Bortoluzzi et al., 1987; Lavina & Lopes, 1987; ett998; Castro et al., 1999; Buatois et al.,
2001; Lopes & Lavina, 2001; Tognoli, 2006; TogrvINetto, 2003; Kern, 2008; Gandini et al.,

2010; Netto et al., 2012; Cagliari, 2014).

According to Lopes & Lavina (2001), the marine andrginal-marine deposits of the
Rio Bonito Formation at Jacui Coal Mine region relca dynamic and complex depositional
system with deltaic, estuarine, foreshore, backshgitoreface and offshore deposits migrating
landward and seaward under influence of rise atidofathe sea-level. The coal beds were
interpreted to be in association with deltas, lagga@stricted by coastal barriers and lagoonslfille
by estuarine sediments. In the area of the celntriaCoal Mine, Kern (2008) performed a high-
resolution sedimentological and stratigraphicalysisthat identified and correlated flood plain,
overbank, fluvial and tidal bars, lagoon delta, s\pa tidal flat, estuarine bay, foreshore,
shoreface and offshore deposits. The sandy barokethe Rio Bonito Formation have an

approximately orientation SW-NE and are directliated with the coal beds in the study area.
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The isolation of the lagoon-swamp setting causedhey development of the barriers as a
consequence of longshore drift generated the apptepconditions to peat accumulates,

protected of the erosive marine processes.

It was proposed that coastal barriers continuoosbyed landward following a major
transgressive trend in this period. This model reassited and detailed by Cagliari et al. (2014),
that identified non-carbonaceous lagoon associaftigl shoreface deposits and allowed to
interpret that the presence of tidal inlets areralicator of effective connection between the
lagoon and marine systems, with no peat accumalafibe author performed reinterpretations
and represented the geological evolution througitigtaphic modeling in the area of Irui Coal
Mine and the estimated time span was of 2 milliearg (Cagliari, 2014). In terms of general
sedimentary processes, the facies analysis rewaale and tidal currents structures. Cacela
(2008) determined the longshore drift to N-NE ie summer and to SW in the winter. The
climatic conditions are described as warm and hwo@brding Slonski (2002) with precipitation
probably above 2400 mml/yr (Ziegler et al., 1987eating the necessary conditions to

development of swamps and peat accumulation.

PERMIAN

GONDWANA |

CARBONIFEROUS

Figure 1: Stratigraphic chart of the Gondwana | Supersequaicthe Parand Basin (Milani, 2004), with the
Carboniferous-Permian transition at the base of RinitBd-ormation acording Cagliari et al. (2016).
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3. Material and Methods

The studied deposits are enclosed within the UppéCoal Bed of the Irui Coal Mine,
near Cachoeira do Sul, Rio Grande do Sul, soutBeanil (Fig. 2). It is delimited by a block of
624 knt with approximately 26 x 24 km with a robust databasquired by the Brazilian
Geological Survey (CPRM) during 1970's and 198(Fer(eira, 1978; CPRM, 1980; 1983;
Figueroa, 1983). The database includes dozen tdrads of logged and cored boreholes. Using
well logs of 94 boreholes it was possible to elab®rtwo perpendicular stratigraphic cross
sections, one of them SW-NE (parallel to the pdleosine) using 19 cored wells, including
those previously described by Kern (2008) (Fig. 2).

The cores and well logs were used to describe taildbe sedimentary succession in
terms of grain size, sedimentary structures andilf@®ntent as well as definition of the
stratigraphic datum associated with the Upper Coal Bed. The datum was defined after
identification and correlation oftansteinlevel along the study area and corresponds toatime s
level adopted by Cagliari (2014). Based on thisuatit was possible to reconstruct the

paleosurface where the coal beds and the lagogiebaystem established.
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The tridimensional geological model was set usiegd®® from the Austingeo Modeling
Inc. The upload of lithologs and their tridimensabrisualization allowed analyzing the facies
distribution along the area, to establish the p#dpositioal surface, and the amount of sediment
deposited. An algorithm of radial extrapolation lwia radius of 3000 meters was used to
reconstitute the paleotopography considering thebaur of boreholes and the distance among
them.

The transport and deposition as well as the ewwiutif the lagoon-barrier system was
configured and simulated through tBeffusive Oriented Normal and Inverse Simulation of
SedimentatiofDIONISOS®) from Beicip-Franlab. It is a diffusion-based sedte defined by the

equation:

where:q, is the sediment influx by unit widt; is the diffusion coefficient modified as follows,
D' =D x C,, whereC, is the sediment concentration and D is diffusioafficient in m/$; h is
the high above the horizontal datum; arid the horizontal distance in the flux direction.

The input data used in the simulation considerset af variables such as geometry, time,
grain size, initial topography, sediment supplyloei#ty and flow direction, eustasy, rainfall
discharge, burial history, wave energy and organadter availability. In order to simulate
multiple scenarios before determining the best @genthis set of variables must be run in
accordance with parameters estimated or extranbed the rock database. Some of the variable
was parametrized using data reported in the lileezds well as using the trial and error method
in order to establish minimum and maximum valuethn simulations€.g, rainfall discharge,
the distribution of the sediment supply source tinedrelative sea level. Erosion and subsidence

was not considered for simulation purposes.

4. Results
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4.1. Sedimentary facies

The study depositional sequences of the Rio Bdattonation comprises coastal and
transitional deposits which are characterized hg sedimentary facies, described and interpreted

in Table 1 (see Figure 3 for core photographs).

Table 1: Description and interpretation of the Rio Bonitofation sedimentary facies in the depositional seceie

Facies Description Interpretation

Parallel to . . .

. Fine- to medium-grained quartz sandstone,

subhorizontal .
L locally coarse-grained, well-sorted, subrounded to Foreshore
lamination quartz . ) .
rounded grains, with parallel to subhorizontall

sandstone

Trough cross-
bedding quartz
sandstone

Fine- to medium-grained quartz sandstone,

locally very coarse-grained, well-sorted, round
grains, uni- and bidirectional trough cross-
bedding. Rare mud drapes are present.

e(Elpper shoreface

Bioturbated quartz
sandstone

Fine-grained quartz sandstone, intercalated w

siltstone, moderate to high bioturbation intensi

wavy and linsen bedding. Locally the siltstone
carbonaceous.

ith

[
i); L ower shoreface

Hummocky cross-
stratification quartz
sandstone

Fine-grained quartz sandstone, intercalated w
siltstone laminae, with hummocky cross-
stratification.

ith  Lower
shoreface, unde
storm conditions

Sandy barrier

Trough cross-
bedding arkosic
sandstone

Fine- to coarse grained arkosic sandstone, loc
finning-upward, poor-sorted, subangular to
angular grains, with trough cross-bedding.

Granules and pebbles occur locally.

ally

Heterolithic

Intercalation of very fine-grained to medium-
grained sandstone and siltstone, with mud dra|
wavy and linsen bedding. Locally the siltstone

carbonaceous.

bes,
is

Tide-influenced deposits

Massive siltstone

Whitish- to medium-grey siltstone, massive,
locally with bioturbation, rizoturbation and plar
fragments. Carbonaceous siltstones occur nex

the coal facies boundary. Some levels have

blocky texture and present slickensides.

t to

Laminated siltstones

Whitish- to dark-grey siltstone with parallel
lamination, sparse bioturbation and plant

fragments. Carbonaceous siltstones are rare.

h

Lagoon

Coal

Black coal beds with vitrain laminae and fusai
lenses, pyrite nodules and cracks filled with
carbonate and abundant plant fragments (Ke

Swamp

2008).

35



Tl
‘:ﬂ'
-
3
..._:;_
i
El

¥

45 ol

{
9

Figure 3: Core photographs of the sedimentary facies. A) Lateuh siltstone interpreted as lagoon sediment 4&-0
RS). B) Massive siltstone interpreted as lagoon setirtiC-036-RS). C) Fine- to medium-grained quartmdstone

with parallel to subhorizontal lamination, interf@@ as foreshore deposits (IB-004-RS). D) Fine- ¢aliom-grained

quartz sandstone with trough cross-bedding inteedras shoreface superior deposits (IC-036-RSkif8-grained

sandstone with laminae of siltstone with hummockgss-stratification interpreted as lower shorefander storm

conditions (IC-045-RS). F) Fine- to very coarse-gedi arkosic sandstone with trough cross-beddiregpnéted as
fluvial channel bar tidal-influenced (1B-012-RS).

The coal facies, represented in the depositiorglesgce by the Upper Irui coal bed, is
preserved in most area cores with thickness regalprto 3.6 m (IB-017-RS). This facies is the
result of organic matter deposition in a coastallelw water environment, where the vegetation
was developed. The wide distribution of the coalda indicates an elongated swamp parallel to
the paleocoast line with 32 km in the SW-NE directand 5 km in the NW-SE direction (Fig. 4

and 5).

The lagoon environment is represented by the masditstone and laminated siltstone

facies, with thickness ranging from 0.5 m (IB-008)Ro 3.55 m (IC-045-RS). These facies are

36



locally carbonaceous, with rizoturbation, plantgfreents, blocky texture and slickensides
depending on the area in which they are insiddaidp@on. The blocky texture and the occurrence
of slickensides suggest subaerial exposure anddathelopment of soil horizons. The siltstone
facies is likely supplied by sea trough the inlatsl by continental sources. The second is

preserved in the lagoon margins or even intercdlaith arkosian sandstone.

The sandy barrier comprehends foreshore, upperl@mer shoreface deposits. The
foreshore is represented by the swash zone arfteisnbst proximal deposit. In the upper
shoreface, the sediment is transported mostly byaittion of the waves, and in the lower
shoreface/offshore-transition the silt and clayadifs during fair weather conditions. In this
study, the parallel to sub-horizontal laminatioraz sandstone, trough cross-bedding quartz
sandstone, bioturbated sandstone and hummocky-stragication quartz sandstone facies
constitute the sandy barrier deposit. These fanesterpreted, respectively, as deposited in the
foreshore, upper shoreface, lower shoreface andrlghoreface during storm conditions. The
sedimentary record show the thickness of the shadyer ranges between 3.6 m (IC-045-RS)

and 10.7 m (IB-10-RS).

Depth (m)

55
5.21053

-4.92108

-4.62158

-4.3421
-4.05263
276316

2.47368

218421

-2.89474

-2.60526

2. 31579

202632

173684

1.44737
115789

0.863421
0573947
0283474

0

Figure 4: Topographic map for the studied area before setdatien. The trend NE-SW is parallel to the
paleoshoreline and arrows indicate the orientatibwave action. The red to yellow areas in the megesent a
depressed region surrounded by subaerial sedinepoisits (green to blue colors).

37



6676248.36

SURFACE
ELEVATION MAP

4.00
3.80
3.60
3.40
3.20
3.00
280
260
240
220
200
1.80

6672500

6667500

1.60
1.40
120
1.00
0.80
0.60
0.40
0.20
0.00

MMAARARART T

6662500 ) ’

6657500

“ 2000 6000
- — —
Meters 10000

330000 335000 340000 345000 350000
326455.28 352353.82

Figure 5: Isopach map of the Upper Irui Coal Bed considerimgdfitabase of 94 logged and cored boreholes. Note
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Parallel to sub-horizontal lamination in the gmasandstone of the foreshore represents
the swash zone and the bioturbation absence etieethigh energy in this environment. In the
upper shoreface deposits, the uni- and bidiredttomagh cross-bedding quartz sandstone reflects
the breaker waves zone. Rare mud drapes and teacebsf bioturbation also reflect a high
energy condition. The intercalation of fine-grairgpairtz sandstone and siltstone, with wavy and
linsen bedding, high bioturbation intensity (logalhe sedimentary structure are obliterated by
the bioturbation) and the hummocky cross-stratifoca sandstone are interpreted as the
shoreface/offshore-transition. The high bioturbatimtensity reflects the relatively calm
environment below the fair weather wave base. Hewaluring storm conditions the same area
was affected by longer wavelengths, generatinditimmocky cross-stratification.

The arkosic sandstone with trough cross-beddingth@detherolitic facies represents
the tide-influenced deposits. Granules and pebbtesir locally at the base of the arkosic

sandstone characterizing a fining-upward succesdibe sediments composition, sedimentar
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structures and the facies location related to #heqeoast line indicates that this facies represent
fluvial channel bars tide-influenced. The intertala of very fine-grained to medium-grained
sandstone and the siltstone in the hetherolitiefaecords the deposition during the high and

low tide.

4.2 .Stratigraphic model

The depositional sequence is boundary below andgeabyg subaerial unconformities
(Fig. 6). The lower sequence boundary marks the bithe Upper Irui coal bed and records and
abrupt contact between the massive/laminatedaiktst and the coal facies. The siltstone facies
below shows rizoturbation and blocky texture in sarares indicating a subaerial exposure. The
upper sequence boundary records the contact betiveenarine deposits below (sandy barrier
facies) and the coastal deposit above, caused dpmin the relative sea level. The studied
depositional sequence partially corresponds td3agquence D’ of Kern (2008) and totally to the
‘Sequence 9’ of Cagliari et al. (in submission)eTower sequence defined here is the same as

presented by Kern (2008) and Cagliari (2014).

Overlying the sequence boundary is the coal fatiesied by the organic matter
deposition in a protected coastal environment dutie relative sea level rise representing the
transgressive system tract (Bohacs and Suter, 1@8vjop of the coal facies is preserved the
massive/laminated siltstone facies deposited likelyause of the communication of the protected
environment to the sea when inlets segmented the arrier. The sandy barrier facies are
overlying the massive/laminated siltstone facies. l@wer retrogradational and upper
progradational barrier, thus deposited during tfensgressive and highstand system tract,

respectively, characterizes the facies verticatassion.
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The sharp and erosive contact between the coagiabis below and the marine deposits
above records the transgressive surface and trs¢ ki@ transgression. The change between
lower retrogradational and upper progradationadgaparrier marks the maximum flooding
surface, recording the most extensive marine inoons this depositional sequence. Thus, the
facies succession between the lower sequence bguadd the maximum flooding surface
records the transgressive system tract, and betthieenaximum flooding surface and the upper

sequence boundary the highstand system tract.

The sedimentary facies characteristics and itsdhsand vertical successions suggest a
depositional environment consisting of a beachidaand protected back-barrier, therefore, an
ancient barrier-lagoon system. The stratigraphidehshows the establishment and the landward
migration of this system during a phase of incraasthe rate of creation of accommodation
space, and, after that, a seaward migration phessed by a decrease in the accommodation

creation or and increase in the sediment supply.

4.3. Simulation scenario description

The interval of time estimated to the barrier-lagsgstem development and evolution is
2.0 Myr, based on a sediment preservation rat® ah/Myr calculated from absolute datings in
a Carboniferous-Permian succession located in #pai2 paleovalley (Caglieet al. 2016, in
press). Thus, considering the same depositioned mtd the sedimentary succession thickness,
we consider 1.0 Myr for the deposition of the lagisavamp sediments (0.5 Myr for the swamp
and 0.5 Myr for the lagoon sediments depositior) B8 Myr for the Sandy barrier system.

To estimate the original column of peat deposited then the rate of in situ peat
production, we considered a 3:1 rate, in which 8fipeat generates 1 m of coal (Nadon, 1998).
This low rate was considered the most appropriatece the Upper Irui coal bed present high

ash content (Figueroa & Dias, 1983). During thet pe@osition a 5 m relative sea level rise was
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simulated which corresponds to a relative sea leigel rate of 1 cm/kyr (Fig. 7). The peat
compaction was simulated, as well as the compadtiasiltstone and sandstone. Considering
During the peat deposition

The simulation of the laminated and massive sitistiacies, which is overlying the coal
facies, we consider the sandy barrier segmentatimhthe seawater incursion. Therefore, the
sediment supplied, mainly by the sea, is depositetbp of the coal in a no longer protected
environment. The estimated volume of siltstone gme=d, based on its distribution in the
sections, is 0.45 km3 (corresponding to a rateedfirsent supply of 0.9 km3/Myr) supplied
represents both by continental and marine soulteislent wave was assumed to be from SW in
the summer (constructive waves) and from NE dutimg winter time (destructive waves)
(Cacela, 2008). The incidence of waves controlleddandy barrier development and the input
of siltstone in the back-barrier by inlets. Thédme sandy barrier, was simulated during the relative
sea level rise and onshore transport of sedimaxttessary controles to simulate the barrier
transgression over the lagoon deposits. The estimaf the preserved sand volume in the study
area, including quartz and arkosic sandstonegig@3, providing a sediment supply rate of 4.6

kms3/Myr. In the Table 2 is listed the input dat@disn the simulation.

Table 2:Input data summary in the forward stratigraphmdation.

Swamp Lagoon Sandy barrier
Interval of time 500 kyr 500 kyr 1.0 Myr
(0 to 0.5 Myr) (0.5t0 1.0 Myr) (1.0 to 2.0 Myr)
Source of sediments In-situ Marine (50 %) Marine (70 %)
production Continental (50 %) Continental (30 %)
. - . . Sand (80 %)
0,
Sediments composition Organic matter Siltstone (100 %) Silt (20 %)
Sediment supply 30 m/Myr 0.8 kndlyr 3.9 kn¥/yr
Rates of relative sea level rise 1.0 cm/kyr 0.6cm/kyr 0.8 cm/kyr
Initial porosity 48 % 75,1 % 49 %
Compaction . 580 270
parameters Compaction 900 . -
factor (B ese) (Huang & Gradstein, (Sclater & Christie,

1990) 1980)
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sea level change during the simulation

4.4. Forward stratigraphic model

The coal facies is spatially distributed in a ao&€82 km in the SW-NE direction and 5

km in the NW-SE direction by setting a back-bargavironment (Fig. 8). The estimated rate of

peat production is 30 m/Myr, the equivalent of 15laning 500 kyr (the simulated interval of

time for the peat deposition), which correspondhéomaximum depth of peat generation (5 m)

transformed by the adopted rate 3: 1 (5 m coal ml}&eat). The peat was deposited during the

early transgressive system tract and the totalgesatmulation was controlled by the 5 m relative

sea level rise during 500 kyr (1 cm/kyr). The pleatning environment was probably developed

in a lagoon margin, which is preserved only in twge CA-40-RS (Section 2, Fig. 6) by

laminated/massive sitstones facies laterally cateel to the Upper Irui coal mine. This lagoon

was not simulated because of its position on tlye @ the studied area.
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Figure 8: Simulation result of peat accumulation during 590Which shows the spatially distribution of peatrhing
environment with the greater length parallel to plaéeoshorelindocated toward the northwest. Although the Upper
Irui coal bed has elevated ash content the sinoalatbnsidered no external sources of sediment wuppyend colors
represent relative content of coal (or peat).

The lagoon environment, where the laminated/massiltstone facies was likely
deposited, was simulated until reach up the presketivickness of siltstone in the stratigraphic
sections (Fig. 9). In the Figure 10, the distribntof the siltstone facies over the Upper Irui coal
bed, suggest the sediment was supplied from natlethough there was also a continental
source located southwest. Thus, from several stinukatrying to set up the sediment supply, the
best result was obtained considering a balancedsetva marine (northeast source of seawater
discharge =110 #fs) and a continental (fluvial discharge =108/s) source. To simulate the
siltstone facies and the lagoon system evolutiocevsidered a 3 m relative sea level rise during
500 kyr (0.6 cm/kyr). Although the preserved seditreorresponds to a 0.9 km3/Myr sediment
supply rate, the best result was achieved wittkk8Myr (corresponding to 0.4 km3 of sediment

supplied during the simulated interval of time).
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Figure 9: Simulation result of the lagoon deposition at K0 expressed in terms of silt relative proportiéted
arrows indicates the silt main source position flilngal located in the southwest and the marirmated northeast, and
the blue arrow represent the sediment transpoectiim by longshore currents which simulates thedgebarrier
development.
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Figure 10: Isopach map of the laminated and massive siltstacies. The siltstone distribution occurs as amghted
geometry in the SW-NE direction, a similar disttibn as seen in the coal facies (see Fig. 9) andrhes wider toward
northwest, which suggest one of the sediment seuilige cores in the highlighted areas have sangigmmeven
conglomerates) directly overlying the Upper Iruakcmine which indicates a fluvial source sedimerthie southwest.
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The sandy barrier was simulated considering théirmaous increase in the relative sea
level, still during the transgressive system traat] a relative sea level still stand, representing
the highstand system tract (Fig. 11 and 12). Thdysbarrier thickness preserved in the geologic
record reach up 10.7 m (IB-10-RS), however it aach up 14 m when extrapolating the barrier
thickness in the Recon® software. The forward gfraphic model shows the barrier
transgression over 1 Myr and the resulted thickigesinilar to sedimentary record in cores. The
sandy barrier was constructed mainly by quartz sarehsported onshore and secondary by
continent sources of arkosic sands (fluvial sedisiédal-influenced). The sediment supply rate
simulated was 3.9 km3/Myr. The relative sea leigglg 8 m during 1 Myr (0.8 cm/kyr) and caused

a barrier transgression of 9 km landward, accortbragratigraphic sections.

Felative sea level
106 by > 8.2

i X
“ertical Exageration = x 500

Figure 11: Simulation result in time 1.05 Myr showing the fi@rtransgression over the lagoon. Sediments diiqos
is in terms of sand relative proportion. Blue arrawpresent the continental (southeast) and marpehivest)
sediment sources.
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Figure 12: Simulation result showing the Sandy barrier traesgion over the continental deposits in time 2y8.M
Sediments deposition is in terms of sand relatiap@rtion. Blue arrows represent the continentalitfseast) and
marine (northwest) sediment sources.

The simulated sedimentary succession is comparethegogeologic record in the
stratigraphic sections 1 (SW-NE, parallel to theepeoast line) and 2 (NW-SE, perpendicular to
the paleocoast line) (Fig. 13 and 14). In the satad sections, sand sediments are not
differentiated by composition. The simulated sedij@s well as stratigraphic sections, first show
the migration of the lagoon-barrier system towdre mainland and then towards the sea. This
advance, according to the model, is up to aboutMly§ when begins the progradation of the
barrier, occuring from the surface of maximum flobtle trangressive surface shows the overlap

of marine sediments to the studied lagoon deposits.
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SECTION 1 - STRATIGRAPHIC MODEL

B-021-RS [B-002-RS 1C-020-RS 1B-004-RS 1B-008-RS 1 [B-017-RS 1B-029-RS
B-182:RS BAZRS (Kem 2005) KARERS (Kem 2008) (Kern 2008) {Kem 2008) (Kem 2008) 1B RY (BTERS (Kem 2008) (Kem 2008)

SECTION 1 - MODEL GENERATED BY SIMULATION

I
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- Sandstone - Siltstone - Coal - Sandstone arkosic Transgressive surface ——  Maximum flooding surface

Figure 13: Comparison between the geologic and the simulatatiggaphic model. (a) Simplified stratigraphicten
1, SW-NE parallel to the paleocoast line (compsetetion in Figure 6). (b) Forward stratigraphictigecl, W-E.
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SECTION 2 - STRATIGRAPHIC MODEL

|B-006-RS B-004-RS 1C-036-RS IC-032-RS .
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SECTION 2 - MODEL GENERATED BY SIMULATION

Vertical Exageration = x 500 N@

- Sandstone - Siltstone - Coal - Sandstone arkosic T gl i rfe = Maxil flooding surface

Figure 14: Comparison between the geologic and the simulatatiggaphic model. (a) Simplified stratigraphicgen
2, NW-SE, perpendicular to the paleocoast line fdete section in Figure 6). (b) Forward stratigiapgection 2, N-
S.
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Erosive processes were not simulated neverthetessesulted forward stratigraphic
model showed the sediment distribution and sucoessmilar to the stratigraphic model. The
absence of erosion in the simulation generatekghgedimentary succession as shown in Figure
15. The significant difference caused by the abeseofc erosive processes is reflected in
thicknesses of simulated siltstones, which wouldiradly eroded by the sands superimposed on
these deposits. Thus, the simulated sandy facefigh compared to stratigraphic sections in

most wells.

IB-004-RS

Sedimentary record Simulated succession

Co Si Sa

Lowsr shorsiace |
Uppsr shorstaca |

Lower shoreface

Upper shorefaca

Lower shoreface

Upper shoreface

Lower shoreface

Fareshore

Lagoon

Swamp

5 sVATEmSCECEC

Co Si Sa

Figure 15: Comparison between the sedimentary record andrthéatied succession of the IB-004-RS core. Simulated
laminated/massive siltstone facies is thicker ttensedimentary record generated by the absene®sibn process
during the coastline transgression.
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5. Discussion and conclusions

The depositional sequence record sediment depositia barrier-lagoon environment
during the transgressive and highstand system {faet forward stratigraphic simulation shows
that one possible scenario that explains this diépoal sequence considers a 16 m relative sea
level rise. The relative sea level change simulataslinitially extracted from the facies thickness,
considering that the sediment deposition in coastdlmarine environments are mainly controlled
by relative sea level changes, and it was refinettial an error during successively simulations.
Despite the rate of sea level rise decrease afteunaulating peat (1 cm/kyr for 0.6/kyr),

interruption of it can be explained by the low seelintary supply in relation to the accommodation.

Althought the volume of sediment supplied was eat#d by the sedimentary record, the
number and the location of the sources were sethas facies information and trial and error until
reach up similar sedimentary fill. Therefore, marand fluvial flux does not present a significant
control in the sediment distribution, as did the@ak&btional surface slope, sediment supply and
relative sea level change. Dionisos, the used softwas originally developed for deltaic and
platforms environment simulation, both with sigaifint slopes. In coastal environments with gentle
slopes, sediment deposition in mainly controlledddgtive sea level change and sediment supply.
Further more, this software simulates long-termirbasale sediment distribution in large-scale

which is not appropriated when detailed sedimentdport and deposition is needed.

In the barrier-lagoon system of the Rio Bonito Fation, depositional and erosive
processes are important in the depositional enmisoris configuration through time, although
the erosive ones could not be simulated. Coastef end relative sea level raise rates controls
the landward sandy barrier migration over the lagalistributing the sediment so that when they
are deposited, are not removed from the basinrastrto what occurs in the original context. The
forward stratigraphic simulation without erosiosmlays a similar sediments distribution as in
the stratigraphic model. In the next simulationsys®n and subsidence rates have to be

considered.
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Simulated sections are very similar to the strapigic sections when considering
sediment vertically and laterally distribution, sisowed in Figures 14 and 15. The sediment
supply in the best scenario (0.8 km3/Myr for thelbbarrier system and 3.9 km3/Myr for the
sandy barrier) corresponds to more than 80% ofgdn@ogic record estimated values (0.9
km3/Myr and 4.6 km3/Myr, respectively). The analgzmarrier-lagoon system of the Rio Bonito
Formation was strongly influenced by waves, whiohtmlled the longshore currents and thus
the sediment distribution along the coast. After llgoon drowning, the barrier moved seaward
as the relative sea level was rising at increagiloyler rates and there was a positive balance of

sediments, corresponding to the highstand systaeh tr

Uniformity of siltstones in relation to the comptiisn of deposits and its extension,
suggests that the lagoon would be protected byxemsve beach ridge, with few inlets. This
results primarily from the action of the waves ba system while communicating with the sea
through the construction and reworking the sanddraim he silt sediment deposited in the lagoon
was supply by marine and continental sources. Tés kesult was simulated considering a
northeast inlet in the barrier representing theimeasource with sediments transported by the
longshore currents.

Continuous and not so coal thick seams accordiphac and Suter (1997) are usually
deposited during the medium transgressive systach\when the accommodation space is high.
In the stratigraphic model, the peat was likelyai{ed at the early transgressive system tract,
first in the lower relief and then over a largeeaduring the relative sea level rise. The Upper
Irui coal bed has high ash content indicating thaing the peat formation there was sediments
depositing in the peat-forming environment. Thisymaicate the peat forming was located in
the border of a lagoon next to the sandy barters receiving sediments sporadically from the
barrier. However, this lagoon was not simulatedabee it is located in more landward positions
than the study area.

The stratigraphic modeling contributed to visudlma of the barrier-lagoon system

evolution through time and thus to estimate thatned sea level rise and locate the sediment
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sources. It is important to mention that even ttotnge results were considered good, there is a
limit resolution assigned to the software specifas. However, the stratigraphic simulation
allowed estimating parameters controlling the sedindeposition in the barrier-lagoon system,
which are not possible to obtain from the sedimgntacord, contributing to the understanding

of the sedimentary fill history in sedimentary lesi
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5. Consideragoes finais

Atraveés deste estudo foi possivel obter uma maiopeceensao dos principais processos
atuantes nos ambientes deposicionais do tipo lagarraira para a Formacgdo Rio Bonito, os
quais geraram os registros sedimentares estudadosplexidade desses processos exigiu uma
reconstituicdo mais detalhada da sua ocorréncigiderando tanto elementos quantitativos,
quanto qualitativos. A geracdo e andlise de um foatemputacional dinAmico, com base nos
dados do registro geoldgico e dos sistemas lagamaita modernos, proporcionou um melhor
entendimento dos processos e produtos sedimerdam@eses da visualizacdo das condigcbes
ambientais pretéritas reconstruidas. Com issodiéarse que as inferéncias foram mais precisas
sobre o que aconteceu no periodo de génese demaistlaguna-barreira para o intervalo
estudado.
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