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RESUMO

A passagem de um padrdo monsoonal para um padrdo de circulagdo
atmosférica zonal ocorreu durante o Cretaceo devido a fragmentagcdo do
Supercontinente Gonduana. Essa mudanca na diregdo dos paleoventos é
registrada no mergulho de estratos cruzados de dunas edlicas acumuladas em
varias bacias de Gonduana. Trés mapas de reconstrucido de paleoventos foram
construidos com a integracdo de dados paleocorrentes compilados de bacias
Fanerozoicas brasileiras, Bacia de Neuquén na Argentina e bacias do Congo e
Huab na Africa. O Gonduana foi dominado por ventos do nordeste ao norte e
ventos do sudoeste ao sul, deslocando, assim, a Zona de Convergéncia
Intertropical para 15° a 20 sul do equador durante o Jurassico Tardio até o
inicio do Cretaceo. Por sua vez, os ventos apresentaram uma tendéncia geral
para o oeste-noroeste em latitudes baixas e médias no Gonduana no final do
Cretaceo Inical. Esses resultados apontam para a existéncia de um padrao
monsoonal durante o Jurassico Tardio até o inicio do Cretaceo Inicial e a
entrada do padrao zonal no final do Cretaceo Inicial, associado a fragmentagéo
de Gonduana.

Palavras-Chave: Padrao monsonal, Padrdao zonal, Dunas eodlicas, Bacias

brasileiras, Mesozoico.



ABSTRACT

The passage of a monsoonal pattern to a zonal atmospheric circulation pattern
occurred during the Cretaceous due to fragmentation of Gondwana
Supercontinent. This change in the paleowind direction is recorded in cross-
strata dip directions of eolian dunes accumulated in various basins of
Gondwana. Three maps of paleowind reconstruction were built with integration
of compiled paleocurrent data from Phanerozoic basins in Brazil, Neuquén
Basin in Argentina and Congo Basin and Huab Basin in Africa. Gondwana was
dominated by northeast winds to the north and southwest winds to the south,
thus shifting the Intertropical Convergence Zone to 15° to 20° south of the
equator during Late Jurassic to the beginning of the Cretaceous. In turn, winds
had a general tendency towards west-northwest at low and mid-latitudes in
Gondwana at the end of Early Cretaceous. These results point to the existence
of a monsoonal pattern during the Late Jurassic to the beginning of Early
Cretaceous and the entry of zonal pattern at the end of Early Cretaceous,
associated with fragmentation of Gondwana.

Keywords: Monsoonal pattern, Zonal pattern, Eolian dune, Brazilian basins.
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1. INTRODUCAO

A acdo do vento em rochas sedimentares é registrada pela observacéo
de depodsitos de dunas e interdunas dentro da hierarquia das superficies
limitrofes (Rodriguez-Lopez, de Boer, Meléndez, Soria and Pardo, 2006).
Assim, a analise sistematica de paleocorrentes inferidas da direcdo de
mergulho de estratificacdes cruzadas em diferentes unidades edlicas e fluvio-
ellicas permite a reconstrucédo de padrdes de ventos superficiais em diferentes
intervalos de tempo. Permite ainda apontar mudancgas no padrao da circulacao
atmosférica de uma area, tanto em fungdo de mudangas paleogeograficas e
paleoclimaticas regionais ou globais (Peterson, 1988). Lembrando que no
registro geoldgico ficam gravados com mais clareza os ventos constantes
(Parrish & Peterson, 1988).

O intervalo correspondente ao Jurassico Superior-Cretaceo Inferior foi
marcado pelo inicio da fragmentagdo do Supercontinente Gonduana, gerando
uma alteracdo significativa na distribuicdo dos continentes e oceanos. Estas
alteragdes paleogeograficas geraram mudanga nos padrdes de circulagédo
atmosférica conforme demonstram diferentes modelos paleoclimaticos (Moore,
Hayashida, Ross, & Jacobson, 1992). Entretanto, existem poucos estudos das
paleocorrentes de origem eodlica no Gonduana durante o Juro-Cretaceo que
permitam a validagdo dos modelos computacionais. Tais estudos indicam um
sistema monsonal de paleoventos durante o inicio do Mesozoico. Contudo,
existem duvidas sobre em que andar do Cretaceo ocorreu o rompimento do
padrdo monsonal e o estabelecimento do padrao zonal de ventos existentes
hoje.

A fragmentagdo do supercontinente Gonduana durante o Juro-Cretaceo
afetou o sistema de circulagdo atmosférica geral devido as alteragdes
paleogeograficas. Dessa forma a passagem de um padrao monsonal para uma
padrao zonal pode ser reconhecida pelo registro de paleocorrentes de origem

edlica em ambientes edlicos e fluvio-edlicos.
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1.1. OBJETIVOS

Esse trabalho tem como objetivo reconstruir as diregbes dos ventos
regionais no supercontinente Gonduana durante o Juro-Cretaceo. A partir
compilacdo sistematica de dados da bibliografia, juntamente com dados
coletados no projeto, foi elaborado um banco de dados com informagdes
relativas a localizagdo, caracteristicas faciolégicas e paleocorrente dos
depdsitos edlicos dos diferentes andares do Jurassico Superior e Cretaceo.
Como existem duvidas sobre em que andar do Cretaceo ocorreu o rompimento
do padrao monsonal e o estabelecimento do padrédo zonal de ventos existentes
hoje, espera-se estabelecer um modelo evolutivo dos padrées de vento.

1.2. ESTADO DA ARTE: SISTEMAS DE VENTOS ATUAIS E DO
JURO-CRETACEO

No inicio da década de 60, estudos paleoclimaticos assumiam que o
padrao atmosférico geral teria sido sempre o mesmo ao longo do tempo,
correspondendo ao padrdo zonal moderno (Parrish, 1993). O padrdo de
circulagado zonal é controlado pelo contraste térmico entre a regido do equador
e os polos e pela velocidade do movimento de rotacdo da Terra que define o
numero de zonas, células de circulacdo de massas de ar, em cada hemisfério
(Compagnucci, 2011), atualmente trés (Parrish & Peterson, 1988). O percurso
dos ventos ocorre da seguinte forma: a incidéncia dos raios solares € mais
efetiva em areas proximas da linha do equador, assim o ar dos polos € mais
frio e denso e acaba fluindo em direcdo ao equador, onde sobe, condensa e
perde umidade, voltando, mais seco em dire¢cao aos polos e fechando o ciclo
(Figura 1). Compagnucci (2011) deixa claro que mudangas de temperatura do
planeta irdo resultar em diferengas no gradiente térmico entre os polos e o
equador causando alteragbes no movimento de massas de ar, ou seja, no

padrédo circulacdo atmosférica.
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Tropopausa na Zona
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Figura 1. Esquema de representacgédo da circulagdo atmosférica dentro do padrao zonal.
Mostrando trés células de movimentagdo de massas de ar em cada hemisfério, as zonas de alta,
baixa pressdes e de convergéncia intertropical e a nomenclatura dos ventos. Modificado de:
http://fen.wikipedia.org/wiki/Prevailing_winds.

O padréao de circulagdo dominante hoje em dia é o padréo zonal (Figura
2), onde as massas continentais estdo fragmentadas e a auséncia de grandes
concentragdes de massas de terra faz com que nao ocorra um forte contraste
barométrico e do gradiente térmico (Parrish & Peterson, 1988). O movimento
das massas de ar € influenciado pelo Efeito Coriolis gerado pelo movimento de
rotacao da Terra entorno do seu proéprio eixo, essa forga altera o movimento de
um corpo que nao esteja conectado a Terra para a direita, no hemisfério Norte,
e para a esquerda, no hemisfério Sul. Scherer & Goldberg (2007) e Parrish &

Peterson (1988) apontam que como o efeito Coriolis é nulo na regido equador,
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os ventos se orientam de acordo com as zonas de baixa pressdo, dando

origem a sistemas monsonais menores, como as mongoes asiaticas.

Figura 2. Representacéo da circulacdo zonal atual, com padrdo monsonal subordinado onde
0s ventos cortam a linha do equador naregido asiatica devido ao contraste barométrica. Extraido
de http://www.clipart.dk.co.uk/DKImages/sci_earth/image_sci_earth055.jpg.

O modelo numérico de circulagao atmosférica geral para o Jurassico
indica uma circulagao monsonal em baixas latitudes (Moore et. al., 1992). Este
padréo é caracterizado por ventos que cortam a linha do equador, préximos a
Zona de Convergéncia Intertropical, onde a movimentagao desses ventos é dos
centros de altas pressdes em um hemisfério durante inverno para os centros de

baixas pressdes em outro hemisfério durante verao (Webster, 1987).

A circulacdo zonal é modificada pelo contraste de temperatura entre
continentes e oceano estabelecendo uma perturbagdo no curso dos ventos. A
perturbacdo € o padrao monsonal, esse consiste em zonas de alta e baixa
pressao que se alternam com as estagdes em cada hemisfério (Parrish &
Peterson, 1988). Scotese and Summerhayes (1986) afirmam que a mudanca
de pressao entre massas de terra e oceanos gera ventos geostroficos, ou seja,
neste caso ventos controlados por contraste barométrico, que resultam no

padrdo monsonal.

Um exemplo atual de padrdo monsonal, no caso subordinado ao padrao
zonal atual, ocorre na Asia (Figura 3), aqui em baixas latitudes médias o

7

cinturdo de alta pressdao é rompido e transformado em uma célula de alta
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pressao nos oceanos € baixa pressao no continente. Durante o verdo no
hemisfério norte uma forte zona de baixa pressdo ocorre no continente e
ventos originados no hemisfério sul cruzam o equador levando umidade até a
barreira da Cordilheira dos Himalaias. Ja durante o inverno no hemisfério
norte, uma zona de alta pressado ocorre no continente e ventos do hemisfério
norte cruzam o equador em direcdo ao oceano indico, onde se forma uma zona

de baixa pressao (Parrish, 1993).

MONGOES DE INVERNO MONGOES DE VERAO
(Dez - Jan) (Jun - Jul)

ALTA PRESSAO

BAIXA PRESSAO

OCEANO OCEANO
INDICO INDICO

Figura 3. Padrdo monsonal asiatico, ventos séo dirigidos pelas zonas de alta para baixa
pressao. Fonte: Modificado de
http://apollo.lsc.vsc.edu/classes/met130/notes/chapter9/lakebreeze.html.

Contudo, para que o padrdo monsonal ocorra como padrao principal €
necessario que exista um contraste barométrico alto entre massas de terra e
oceanos de ambos hemisférios. Essa situagcdo desenvolveu-se durante a
existéncia do supercontinente Pangeia, onde a medida que foi ocorrendo sua
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fragmentagdo o contraste barométrico foi diminuindo e um padrdo zonal

desenvolveu-se (Parrish, 1993).

Quando Briden and Irving (1964) plotaram as paleolocalizagbes de
arenitos eodlicos e evaporitos que foram depositados durante a existénciado
Pangea, observaram que as zonas onde esses se encontravam nao
encaixavam nas zonas deseérticas atuais, que ocorrem proximos as latitudes
30°S e 30°N (McKee, 1979), e sim, que os depdsitos desérticos durante o
Pangeia se aglomeravam entorno da regido do equador (Figuras 4 e 5). O
termo padrao monsonal foi usado por Robinson (1973) para descrever a
mudanca na distribuicdo de rochas dependentes do clima para sua deposicao,

levando a crer que o clima era fortemente sazonal durante o Pangea.

No supercontinente Laurasia, os registros no Jurassico mostram que
depdsitos de carvao foram aos poucos substituidos por evaporitos em latitudes
proximas de 30°N, indicando assim uma entrada do padrédo zonal pela
passagem de um clima umido para arido nessa latitude (Parrish, 1993).
Todavia o Gonduana, por ser ainda um continente de grandes proporgdes,
conseguiu manter um padrdo monsonal até a sua fragmentagdo no Cretaceo
Inferior (Scherer & Goldberg, 2007). Segundo Scotese and Summerhayes
(1986) os sistemas de alta ou baixa pressdo sdo mais intensos nos continentes
ocorrendo o registro de ventos dominantes devido a estagdo, por exemplo,
durante o verdo no hemisfério sul no Gonduana sistemas de baixa pressao se

instalavam e os ventos vinham do mar de Tétis.
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Tridssico 237 Ma

Figura 4. Distribuicdo de zonas desérticas globais durante o Pangeia. Distribuicdo no
padrdo monsonal, devido a aglomeragcao de massas continentais com areas desérticas ocorrendo
préximos alinha do equador, modificado de: http://www.scotese.com/newpage8.htm.

oceano _
Atlantico Y | oceano

Pacifico

oceano
Pacifico

oceano
indico

Figura 5. Distribuicdo de zonas desérticas globais atuais. Mapa atual com distribuigcdo no
padrédo zonal devido a fragmentacdo continental, as areas desérticas ocorrem proximas as
latitudes 30°N e 30°S, modificado de: http://environment.nationalgeographic.
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1.3. SOBRE A ESTRUTURA DESTA DISSERTACAO

Esta dissertacdo de mestrado esta estruturada em torno de artigo
submetido em periddico. Consequentemente, sua organizagdo compreende as

seguintes partes principais:
a) Introducdo sobre o tema e descricdo do objeto da pesquisa de mestrado,
onde estdo sumarizados os objetivos e o estado da arte sobre o tema de

pesquisa.

b) Artigo submetido em peridédico com corpo editorial permanente e revisores
independentes, escrito pelo autor durante o desenvolvimento de seu Mestrado.

c) Comprovante eletrénico de submissdo do manuscrito ao periodico.

d) Referéncias bibliograficas citadas no capitulo 1 desta dissertagéo.
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Abstract

The passage of a monsoonal pattern to a zonal atmospheric circulation pattern occurred during
the Cretaceous due to fragmentation of Gondwana Supercontinent. This change in the
paleowind direction is recorded in cross-strata dip directions of eolian dunes accumulated in
various basins of Gondwana. Three maps of paleowind reconstruction were built with
integration of compiled paleocurrent data from Phanerozoic basins in Brazil, Neuquén Basin in
Argentina and Congo Basin and Huab Basin in Africa. Gondwana was dominated by northeast
winds to the north and southwest winds to the south, thus shifting the Intertropical Convergence
Zone to 15° to 20° south of the equator during Late Jurassic to the beginning of the Cretaceous.
In turn, winds had a general tendency towards west-northwest at low and mid-latitudes in
Gondwana at the end of Early Cretaceous. These results point to the existence of a monsoonal
pattern during the Late Jurassic to the beginning of Early Cretaceous and the entry of zonal

pattern at the end of Early Cretaceous, associated with fragmentation of Gondwana.

Keywords: Monsoonal pattern, Zonal pattern, Eolian dune, Brazilian basins.
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1. Introduction

The Late Jurassic-Early Cretaceous interval was marked by the beginning of
fragmentation of Gondwana Supercontinent, generating a significant change in the distribution
of continents and oceans. These palaeogeographic modifications shifted atmospheric circulation
patterns as shown in different paleoclimatic models (Moore et al., 1992). The eolian
paleocurrents data enable the validation of computational models that indicate a monsoonal
paleowind system operating during the Early Mesozoic. Doubts remain about the timing in the
Cretaceous of breaking the monsoonal pattern and establishing the current zonal pattern.

This paper aims to reconstruct the regional regime of prevailing surface winds in
Gondwana during the Late Jurassic-Early Cretaceous. The passage of a monsoonal pattern to a
zonal pattern can be recognized by the paleocurrent records in eolian and fluvial-eolian
environments. A database was developed from systematic compilation of literature, containing
information of the location, facies characteristics and paleocurrent of eolian and fluvio-eolian
deposits in different ages in the Late Jurassic-Early Cretaceous. We establish an evolutionary
model of the surface wind patterns comparing them with wind circulation models as done by
Peterson (1988) for the Pennsylvanian through the Middle Jurassic eolian units of the Colorado

Plateau, western Interior of the United States.

2. Background: Zonal and monsoonal wind patterns

The modern surface winds are dominated by a zonal pattern flow that is controlled by
the thermal contrast between the equator and poles. Near to the equator the sunlight incidence is
more effective warming the air that rises, condenses and loses moisture returning drier towards
the poles. There it sinks and flows back to the equator, thus closing an atmospheric convection
cell (Compagnucci, 2011; Scotese and Summerhayes, 1986).

The movement of air masses is influenced by the Coriolis effect, which is generated by

the Earth's rotation movement towards its axis. This force modifies the motion of a body
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unconnected to Earth to the right in the Northern Hemisphere and to the left in the Southern
Hemisphere. The rotation also determines the number of zones, corresponding presently to three
circulation cells in each hemisphere (Compagnucci, 2011; Parrish and Peterson, 1988).

The Hadley cell ascendance limb is near the equator, at the Intertropical Convergence
Zone (ITCZ), and the descendant limb occurs close to latitude 30°, the horse latitudes. It
represents the surface trade winds or easterlies, which are winds that flow towards the equator
converging to the west. The Ferrel cell and the Polar cell ascendance limb occurs near latitude
60°. The Ferrel cell descendant limb occurs in the horse latitudes, representing the surface
westerlies, which are winds that flow poleward and are deflected eastward. The Polar cell
descendant limb occurs at the poles and flows equatorward deflected westward, representing the
polar easterlies (Compagnucci, 2011).

The zonal pattern is also modified by barometric contrast between continents and oceans,
this contrast establishes a disturbance in the course of winds in low latitudes. The disturbance is
the monsoonal pattern, which consists of winds that cross the equator, near the ITCZ, where the
Coriolis effect is null (Scherer and Goldberg, 2007). The wind flow is from a high-pressure
center in one hemisphere during winter to the low-pressure center in the other hemisphere
during summer (Parrish and Peterson, 1988; Webster, 1987).

Figure 1 shows the prevailing southeast and northeast trade winds that represent the
Hadley cell in the zonal pattern. However, a subordinate monsoonal pattern occurs in Asia. A
strong low-pressure zone is on the mainland during summer in the Northern Hemisphere and
southeast trade winds from the Indian Ocean are reoriented to tropical westerlies when crossing
the equator, thus taking moisture to the barrier of the Himalayas mountain range. A high-
pressure zone is on the mainland during winter in the Northern Hemisphere, and the northeast
trade winds from the Asian continent cross the equator reoriented to tropical westerlies toward
the Indian Ocean, which is a low-pressure area (Loope et al., 2004).

During the existence of Pangea the development of a supercontinent caused a high
barometric contrast between land masses and oceans and also between hemispheres (Parrish,

1993; Parrish and Peterson, 1988). Consequently, winds were oriented according to cross-
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equatorial barometric contrast, low-pressure cell in summer hemisphere and a high-pressure cell
in winter hemisphere (Parrish and Peterson, 1988). Thus giving rise to a dominated monsoonal

pattern (Fig. 2) such as the Asian monsoon (Fig. 1) (Parrish and Peterson, 1988; Scherer and

Goldberg, 2007).
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Fig. 1. Modern surface winds with dominant zonal pattern, NE and SE trade winds reoriented to
westerlies in a subordinate monsoonal pattern in Asia in the dashed area (Modified from Loope et al., 2004;

original from Webster, 1987). A monsoonal pattern also occurs in the northwest coast of Africa.

And during summer in Gondwana Southern Hemisphere, a low-pressure zone was on the
mainland. The northeast trade winds from northern Tethys Sea crossed the equator and were
reoriented to tropical westerlies towards the central portion of Gondwana, where the low-
pressure system was established (Scotese and Summerhayes, 1986). And the Southern
Hemisphere winds from the southern Panthalassa Ocean were also reoriented, in this case to

southwest winds in order to reach the low-pressure area. Both changes resulted inan ITCZ

shifted to the south of the equator.
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Early Jurassic

equator

Fig. 2. Cross-equatorial pressure contrast in each hemisphere due to seasons variation and land masses
dimension giving rise to a monsoonal pattern during Pangea in Early Jurassic, arrows represent surface winds
(Modified from Parrish and Peterson, 1988).

3. Studied basins

Eolian paleocurrents data from various Brazilian Mesozoic sedimentary basins were
compiled: Parand, Jatoba, Almada, Camamu, Recdncavo, Tucano, lguatu and Parnaiba. The
following basins were also investigated: Neuguén in Argetina, Congo in Democratic Republic
of Congo and Huab in Namibia. These basins have eolian sandstones deposited during the

interval of Jurassic to Cretaceous in Gondwana (Fig. 3).
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Fig. 3. World map with surveyed basins, 1. Neuquén, 2. Parand, 3. Reconcavo, Camamu, Almada, 4.

Tucano, 5. Jatoba, 6. Iguatu, 7. Parnaiba, 8. Congo e 9. Huab.
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4, Methods

In this work, eolian dunes cross-strata dip directions measured in fieldwork or collected
from bibliography were used to reconstruct the paleowind pattern, similar to the research done
by Eastwood et al. (2012); Loope (2004); Parrish and Peterson (1988); Peterson (1988); Scherer
and Goldberg (2007).

Despite the eolian cross-strata dip direction indicates the general direction of the winds,
it has some intrinsic uncertainty (Eastwood et al., 2012). First, most wind regimes are
multidirectional. Second, the dune size affects the direction component of wind regime. Third,
winds are rarely uniform or steady; and fourth, wind is strongly modified by the presence of
dunes. However, when we analyzed on a regional scale, the cross-strata dip directions in
crescent dunes indicates the general wind direction, although there may be some obliquity
between these vectors (e.g., Parrish and Peterson, 1988; Scherer and Goldberg, 2007).

Taking these limiting factors in consideration, paleocurrent measurements are
considered valid to infer paleowind directions. Information in this study was organized in a
paleocurrent table as number of measurements, age and average wind direction vectors so that
maps of three intervals were built. The data were organized into three maps in the following
range: (1) Late Jurassic, (2) beginning of the Early Cretaceous and (3) end of Early Cretaceous.
Thus, resulting wind directions from the paleocurrent data were compared with patterns set by
numerical models.

To undo plate movements after Gondwana fragmentation, all studied basins were plotted
in the present geographic distribution of land and ocean. The basins were relocated into their
positions during continental drift up to the configuration of Gondwana according to the Late
Jurassic and Early Cretaceous paleogeographic maps of Blakey (2008). The South America
movement was minimal, but the African plate rotation occurred 30° counterclockwise from the
Late Jurassic to the current N-S trend when it drift northeastward, meaning that the

palecazimuth was NE-SW (Lotfy, 2015).
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Eolian paleocurrents were thus correctly placed into their original positions using the
mean resultant vectors from each formation or group, represented by indicator arrows in the
paleowind maps. Wind patterns observed in each interval were compared with numerical
models of atmospheric circulation (e.g., General Circulation Models) proposed to Late Jurassic

(Moore et al., 1992) and for Late Cenomanian-Early Turonian (Hay and Floegel, 2012).

5. Results and Discussion

Based on collected data and compilated data in the literature, it was possible to define
the paleogeographic scenario and the wind pattern of three different time intervals: (1) Late

Jurassic; (2) beginning of the Early Cretaceous; (3) end of the Early Cretaceous (Fig. 4).

5.1. Late Jurassic

5.1.1. Paleogeography

In this time interval, fragmentation of Gondwana Supercontinent was beginning and the
opening of the Central Atlantic Ocean occurred during movement of Laurasia Continent
towards the North (Fig. 5A) (Scotese et al., 1999; Blakey, 2008). Much of Gondwana consisted
of a large plateau with elevations above 100 m, so several syneclises developed along with
eolian and fluvio-eolian accumulation.

In the north-central portion of Gondwana, a large basin developed during the Late
Jurassic, linked to the initial stages of fragmentation of this supercontinent, known as the Afro-
Brazilian Depression. This basin was filled by fluvio-eolian-lacustrine sediments, whose
ostracod biozones indicate the Dom Jodo Stage, corresponding to the end of the Jurassic period
(Kuchle et al., 2011). This succession receives different names depending on the analyzed
region, standing out the Sergi Formation (Almada, Camamu, Recdncavo and Tucano Basins)
(Kuchle et al. 2011). Basically, a granulometric increase and a general north-northeast
paleodrainage pattern are observed in the southern portion of the depression (Kuchle et al.,

2011), equivalent to the Almada and Camamu Basins, indicating a proximity to the margin of
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the basin, with a structural high that separated the Afro-Brazilian Depression from the Parana
Basin.

The Upper Jurassic sedimentation of the Parana Basin is registered in the Guara
Formation (Scherer et al., 2000; Scherer and Lavina 2005, 2006). This formation from Southern
Brazil is characterized by a fluvio-eolian succession. The palaeocurrent data of the fluvial
deposits indicate a paleodrainage system flowing from north to south with increase of eolian
successions to the south (Scherer and Lavina, 2005). High sediment maturity indicates an
erosion of older sedimentary rocks of the Parana Basin, although the depositional border of the
basin remains undefined (Scherer and Lavina, 2005). The southern fluvial paleocurrents
corroborate the hypothesis of existence of a topographic high separating the Parana Basin from
the Afro-Brazilian Depression (Scherer and Lavina, 2005).

In the Parnaiba Basin, north of Gondwana, there are deposits of the Upper Jurassic,
represented by the eolian dune and interdune deposits of the Macapad Member of the Mosquito
Formation (Ballén et al., 2013). This basin was probably isolated from the Afro-Brazilian
Depression. Paleocurrents to the southeast of the fluvial systems occur in the northern portion of
the Afro-Brazilian Depression and indicate the existence of a structural high. This high
separates the depression from the Parnaiba Basin north of the Jatob4 Basin, corresponding to the
Pernambuco-Paraiba Lineament (Kuchle et al., 2011). History of Upper Jurassic section of the
Parnaiba Basin is linked to the evolution of the equatorial margin (fragmentation of Gondwana
and Laurasia), as attested by the ages of the interflow basaltic units of the Mosquito Formation.
The lower basalt flow is 190 Ma and the upper flow is 130 Ma, with the Macapa Member
positioned between the flows (Ballén et al., 2013).

The Neuquén Basin is a foreland basin developed as consequence of plate subduction on
Gondwana western margin. Sea level and arc variations influenced the connection between the
Paleo-Pacific Ocean and the basin (Veiga et al., 2005). Upper Jurassic deposits are characterized
by eolian, fluvial and shallow-marine deposits, where coastal eolian dune fields and fluvial
systems developed during progradation in periods of sea level fall (Veiga and Spalletti, 2007).

Transgression led marine waves to erode most of the previously-formed eolian facies. This time
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span corresponds to the Tordillo Formation and Quebrada del Sapo Formation, which are
characterized by sedimentary accumulation as a result of a brief disconnection of the Neuquén

Basin from the Paleo-Pacific Ocean (Zavala et al., 2005; Veiga and Spalletti, 2007).

5.1.2. Cross-strata dip directions

The direction of the paleocurrents indicates distinct regional domains. Fig. 4 and Fig.
5B show eolian units located in the north-central basins of Gondwana (paleolatitude between 5°
and 15° S), corresponding to the Mosquito and Sergi Formations. They present cross-strata
mean vectors dipping towards SSW (Born et al., 2011; Ballén et al., 2013). On the other hand,
the eolian dune deposits of the Guara Formation and both Tordillo and Quebrada del Sapo
Formations, located south of Gondwana (paleolatitude between 30° and 40° S), present
consistent prevailing cross-strata mean vectors dipping towards NE (Scherer and Lavina, 2005,

2006; Zavala et al., 2005; Veiga and Spalletti, 2007; Zavala et al., 2008).

5.1.3. Paleowind Pattern

A monsoonal pattern during the Late Jurassic is obtained from Global Circulation
Models (GCM) (Moore et al., 1992) (Fig. 5C). During summer of the Southern Hemisphere
(December-January-February), a low-pressure center developed in Gondwana and a high-
pressure center developed in the Northern Hemisphere. These centers generated strong
barometric contrasts to allow winds to cross the equator and break the zonal pattern. Trade
winds were reoriented towards south-southeast reaching the ITCZ. The ITCZ was characterized
by convergence of monsoonal north-northwest winds and southwest winds. Southwest winds
flowed due to high-pressure center over the Paleo-Pacific Ocean. In turn, during winter months
of Gondwana (June-July—August), barometric contrast between hemispheres was low, not
allowing the maintenance of a monsoonal pattern (Moore et al., 1992).

There is good correspondence between the inferred paleocurrents from cross-strata dip
directions of eolian dunes and the GCM, corroborating the existence of a monsoonal pattern in

low latitudes of Gondwana during Late Jurassic. Paleocurrents from eolian dunes of Mosquito
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and Sergi Formations located in paleolatitude of 10° to 15° S are a consequence of northeast
trade winds that crossed the equator at low latitudes of Gondwana. Paleocurrents from Guara,
Tordillo and Quebrada do Sapo Formations located in paleolatitude of 30° to 40° S represent the
westerlies to the south of the ITCZ. The precise position of the ITCZ remains undetermined

from paleocurrent data due to lack of preserved eolian units between paleolatitude 15° to 30° S.

5.2. Early Cretaceous beginning

5.2.1. Paleogeography

This time span is not included in existing paleogeographic maps, a gap of 30 Ma between
Upper Jurassic and top of Lower Cretaceous (Fig. 6A). However, a physical continuity of eolian
dune fields in the southern portion of Brazil (Botucatu Formation) and Namibia (Twyfelfontein
Formation) is observed (Scherer and Goldberg, 2007), indicating that continental break-up and
marine ingression had not reached the Parana Basin. Thus, both were still restricted to the
southern end of Gondwana at this time. There were no significant paleogeographic variations
between the Late Jurassic and the base of Early Cretaceous, so the same paleogeographic map
was chosen for these two time intervals.

Large areas of Laurasia were flooded and generated shallow-marine deposits at the base
of the Cretaceous in Gondwana. However, marine deposits dominated only the extreme west
near the Andes retro-arc and in the extreme south where the marine incursion already existed,
fruit of oceanic fragmentation (Scherer and Goldberg, 2007). The Neuquén Basin was
connected with the Paleo-Pacific Ocean by a narrow seaway during the Jurassic and Cretaceous,
basin sedimentation was controlled by eustasy and tectonics (Strombéck et al., 2005). In the
Hauterivian, a major drop in sea level generated space for shallow-marine and non-marine
deposits; as a result, the Avilé Member overlies shallow-marine deposits in the marginal areas
of the basin (Veiga et al., 2002).

Continental sedimentation, e.g., Botucatu Formation in the Paran Basin, predominated in

Gondwana interior. Arid climate in the central area of Gondwana allowed the existence of this
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great erg in a cratonic region. This topographic basin led to the accumulation of thick packages
of eolian dune deposits. The erg occupied areas in South America and Africa where correlated
sandstones are found, such as the Twyfenfontein Formation (Scherer and Goldberg, 2007).
Dekese Formation in Congo Basin is correlated with the erg formations, pointing to the
presence of a giant paleoerg in midwest Gondwana (Linol et al., 2015a, 2015b). Nevertheless,
the existence of a high topographic area between basins cannot be dismissed.

The Botucatu desert was similar to the present Sahara desert, more than 1,500,000 km? in
size, occurring in Brazil, Uruguay, Argentina, Paraguay and Africa, but the original extent of
the Botucatu paleoerg is still debated (Scherer and Goldberg, 2007). This unit probably
stretched west to the Andean border and east toward the African continent. The southern and
northern boundary of the Botucatu paleoerg was probably similar to its current limits. The
Botucatu Formation shows a marked decrease in thickness towards the south, indicating that the
Sul-Riograndense Shield was a topographic high during eolian accumulation (Scherer, 2000,
2002; Scherer and Goldberg, 2007). No evidence of physical continuity is known between the
Botucatu “basin” and the rift basins of northeastern Brazil, suggesting the existence of high
topographies between them.

The Recbncavo Basin is part of an aborted intracontinental rift in Brazilian Northeast, and
the Agua Grande Formation records the initial development of the half-graben generated by
Gondwana rupture (Wiederkehr, 2010). The Agua Grande Formation is characterized by deltaic
deposits that are overlain by fluvial-eolian strata, defining a general progradational pattern
(Wiederkehr, 2010).

The Twyfelfontein Formation corresponds to Cretaceous Etjo Formation (Mountney et
al., 1998; Mountney and Howell, 2000) according to Jerram et al. (1999). The Etjo Formation in
the central area of Namibia with Jurassic ages is correlated to the Karoo sediments and the
Cretaceous Etjo Formation is interleaved with Lower Cretaceous basalts of the Etendeka Group
in the Huab Basin. To avoid misunderstanding the Cretaceous Etjo Formation is named

Twyfelfontein Formation (Jerram et al., 1999; Stanistreet and Stollhofen, 1999) as here used.
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5.2.2. Cross-strata dip directions

The direction of the paleocurrents indicates distinct regional domains. Fig. 4 and Fig. 6B
show eolian units located in the north-central basins of Gondwana (paleolatitude between 10°
and 25° S). They correspond to Agua Grande Formation and northern portion of the Botucatu
Formation. The units present cross-strata mean vectors dipping towards S, SE and SW (Scherer
and Goldberg, 2007; Wiederkehr, 2010). In contrast, Botucatu Formation crossbedded eolian
dunes in the southern portion of the basin (Uruguay, Rio Grande do Sul and Santa Catarina) and
the Main unit in the Twyfelfontein Formation (paleolatitude 30° S) present cross-strata mean
vectors dipping towards NE (Mountney et al., 1998;Scherer and Goldberg, 2007). In turn, the
Botucatu Formation in present Parana State (paleolatitude 26° S) is marked by widely dispersed
dip of cross-strata mean vectors culminating in polymodal distribution (Scherer and Goldberg,
2007). In southwest Congo Basin (paleolatitude 15° S), measured paleocurrents of eolian dunes
from Dekese Formation are corrected to WSW (Linol et al., 2015a). The Avilé Member
(paleolatitude 35° S) presents cross-strata mean vectors dipping towards NNE (Veiga et al.,

2002).

5.2.3. Paleowind Pattern

The beginning of the Early Cretaceous has no proposed GCM. However, there were no
significant paleogeographic changes between the Late Jurassic and beginning of Early
Cretaceous to suggest a change in wind patterns for lower latitudes of Gondwana. As shown in
Fig. 6B, the SSW paleocurrent of Agua Grande Formation and the SSE paleocurrent from
northern portion of Botucatu Formation, located in paleolatitude 10° to 25° S, are a consequence
of the reorientation of the northeast trade winds that crossed the equator into tropical westerlies
in low latitudes of Gondwana. This wind deflection is a consequence of a high-pressure center
(Fig. 6C) in the center-eastern portion of Gondwana (Moore et al., 1992).

Paleocurrents to NE of the southern portion of the Botucatu Formation and Twyfelfontein

Formation (located in paleolatitude of 30° S), along with paleocurrents to N from the Avilé
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Member (located in paleolatitude of 36° S) represent southeast winds to the south of the ITCZ.
These winds from the high-pressure center in the Paleo-Pacific Ocean flow to the low-pressure
center in the continent. The polymodal paleocurrent data from the central portion of the
Botucatu Formation located in paleolatitude 26° S point to the confluence of tropical westerlies
and southwest winds, allowing the precise positioning of ITCZ and corroborating GCM.

The WSW paleocurrent of the Dekese Formation, located in paleolatitude 15° S,
represents the deflection of the Southern Hemisphere trade winds to west/southwest The
paleocurrent points to the eastern boundary of the influence of monsoonal tropical westerlies
during summer of the Southern Hemisphere.

In Figure 6C (December-January-February), the predicted winds in low Northern
Hemisphere latitude are northeast trade winds. The predicted winds in low Southern
Hemisphere latitude and prevailing measured winds are still the northeast trade winds.
However, in mid-low southern latitude 20° S, the predicted and measured winds are tropical
westerlies (Loope, 2004), not the expected southeast trade winds from a zonal pattern.

Paleocurrent data suggest that the monsoonal pattern advanced to the beginning of the
Cretaceous (Fig. 6B). Thus, the wind map shows a distribution of a well-defined monsoonal
atmospheric circulation pattern, because they suggest that the ITCZ shifted to the south of the
equator line during summer of the Southern Hemisphere. In this hemisphere, tropical westerlies
dominated latitudes near 20° S and southwest winds dominated latitudes near 30° S. In the
summer of the Southern Hemisphere, Northern Hemisphere northeast trade winds from the
extreme north of Gondwana reached ITCZ, that shifted to the south due to large landmass
effect. The winds turned abruptly and flowed as tropical westerlies into the low-pressure zones

over central Gondwana, representing 180° flow reversal (Loope, 2004).

5.3. Early Cretaceous end

5.3.1. Paleogeography



34

In this interval, fragmentation of Gondwana was in progress and an epicontinental sea
opened in the south to give rise to the South Atlantic Ocean (Scotese et al., 1999). The Central
Atlantic became a mature ocean due to the opening of Gulf of Mexico (Blakey, 2008) (Fig.7A).
The absence of epicontinental seas in the interior of Gondwana, specifically in the center-
western portion, was a consequence of a wide plateau in the eastern portion (Scherer and
Goldberg, 2007), leaving dry the interior of the continent and reinforcing an arid climate. At this
stage, the process of rupturing was intensified and developed a continental rift system, giving
rise to half-grabens in the northeast and to the South Atlantic Ocean in the south.

A system of aborted rifts in the interior of the Brazilian northeast was mostly in the final
filling phase. These rifts are represented in this study by the Lima Campos Formation (Iguatu
Basin), S&o Sebastido Formation (Jatoba Basin) and Almada Group (Camamu Basin). They
have a predominantly alluvial and lacustrine fill, with eolian deposits restricted to sand sheets
and small eolian dune fields (Arima, 2007; Rocha and Amaral, 2007; Born et al., 2011). At the
same time, another considerable fall in sea level in the Neuquén Basin culminated in the
deposition of the Troncoso Member on top of previous Aptian marine deposits (Strombéck et

al., 2005).

5.3.2. Cross-strata dip directions

The cross-strata of the eolian dunes of S&o Sebastido Formation, Lima e Campos
Formation and Almada Group record (Fig. 4 and Fig. 7B) eolian paleocurrents to WNW
(paleolatitude 5° to 15° S) (Arima, 2007; Ferronatto, 2016; Born et al., 2011). In Neuquén
Basin, Troncoso Member records cross-strata mean vectors dipping towards NE (paleolatutide

35° S) (Strombéck et al., 2005; Veiga et al., 2005).

5.3.3. Paleowind Patterns

There is no proposed GCM for the end of the Early Cretaceous. However, the

paleocurrent data fit the model (Fig. 7C) proposed by Hay and Floegel (2012) for late
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Cenomanian-Early Turonian (beginning of the Late Cretaceous). Paleocurrent data from the S&o
Sebastido and Lima e Campos Formations and Almada Group, located in paleolatitude 5° to 15° S,
present paleocurrents to west-northwest, indicating a predominance of trade winds, corroborating with
the patterns defined by GCM (Hay and Floegel, 2012). According to GCM, the prevailing winds were
winter trade winds, whose speeds reached 4 to 7 m/s (Hay and Floegel, 2012). During summer, winds
were weak and did not determine dune migration trend. In the Neuguén Basin in Argentina,
paleocurrents of Troncoso Formation, located in paleolatitude 35° S, are in general to northeast,
indicating the predominance of summer westerlies according to GCM for the Southern Hemisphere
(Fig. 7B and C). Thus, the paleocurrent pattern reinforces the existence of a zonal circulation pattern at
the end of the Early Cretaceous, with easterlies (trade winds) dominating low latitudes and westerlies
in middle latitudes of South America.

Hadley Cell dimension shrunk during the mid-Cretaceous (Hasegawa et al., 2012). A shift in
the position of the descending limb of the Haddley Cell was observed from about 30° N to 15° N in the
Northern Hemisphere due to the pCO, threshold level about 1000 ppmv (Hasegawa et al., 2012; Hay
and Floegel, 2012). However, the lack of eolian data in the area related to the descending limb for that
period in the Southern Hemisphere leaves this shift unregistered. Nowadays, CO, level is >400 ppm
(NOAA, 2017) and rising. As a result, shift of descending limbs brings catastrophic alterations in
climate because, among other things, the descending limbs control dry and moist regions at low
latitudes (Hasegawa et al., 2012; Hay and Floegel, 2012).

The eolian paleocurrent data reinforce the monsoonal circulation pattern for Gondwana
proposed by various authors (Moore et al., 1992; Parrish, 1993). However, contrary to the assertions of
Parrish and Peterson (1988), the monsoonal pattern did not go extinct in Jurassic due to fragmentation
of Pangea. The pattern was extended to the beginning of the Early Cretaceous in the middle latitudes
of Gondwana. Gondwana, similar to Pangea, had the necessary size to configure a monsoonal pattern

(Parrish, 1993), weaker than Pangea but still expected to occur.

6. Conclusions

The eolian paleocurrent mean vectors obtained in eolian or fluvial-eolian sandstones of Upper

Jurassic to Lower Cretaceous reflect the change from the monsoonal atmospheric circulation pattern to
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a zonal pattern only in the end of the Early Cretaceous. As described in this study, from the Late
Jurassic to the beginning of the Early Cretaceous, Gondwana was dominated by northeast winds to the
north, southwest winds to the south and also polymodal winds in the center during the beginning of the
Early Cretaceous, marking the monsoonal atmospheric circulation pattern, given that the ITCZ shifted
to south of the equator. However, at end of the Early Cretaceous, winds had a general preference
towards west in the low and mid-latitudes, consistent with establishment of the zonal pattern.
Therefore, the result is of value for the study of paleowinds derived from eolian strata, because the
passage of a monsoonal pattern to a zonal pattern is recognized from eolian paleocurrent records in
eolian and fluvial-eolian environments. Also, fragmentation of Gondwana Supercontinent during the
Late Jurassic-Early Cretaceous affected the general atmospheric circulation system due to

paleogeographic changes.
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Data:
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Conceito:
A

PARECER;:

A presente dissertagéo encontra-se bem estruturada e o tema escolhido pela aluna
e seu orientador é de grande interesse cientifico. E possivel observar que a aluna
adquiriu uma vasta informacéo bibliografica sobre diferentes unidades edlicas ao
longo dos periodos Jurassico e Cretaceo em distintas bacias sedimentares do
Supercontinente Gondwana, onde a aluna conseguiu expor de forma clara e
objetiva a mudanga de um padrdo monsonal de circulagdo atmosférica para um
padrao zonal no Supercontinente Gondwana no final do Cretaceo.

Algumas ressalvas:

(1) As unidades sedimentares foram resumidas em uma tabela. Seria interessante
criar um topico onde as unidades fossem descritas de forma mais extensa;

(2) No mapa paleogeografico modificado por Blakey (2011) seria interessante
nomear os continentes (e.g. Gondwana, Laurasia..)

(3) No ultimo paragrafo do item 5.3.3. a autora escreve "Gondwana, similar to
Pangea, had the...." O Supercontinente Pangea englobava os supercontinentes
Gondwana e Laurasia... Na realidade seria 0 Gondwana similar a Laurasia, em
termos de tamanho..

Ressalvas menores foram modificadas no texto que sera entregue para a aluna.
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AVALIAGAO DA DISSERTAGAO DE MESTRADO DE RAQUEL GEWEHR DE MELLO
UFRGS - fevereiro de 2018

A aluna de mestrado Raquel Gewehr De Mello, orientada pelo Professor Doutor Claiton Marlon dos Santos Scherer,
apresenta uma dissertag&o para obtenggo do titulo de Mestre no Programa de Pos-Graduagio em Geociéncias, na
Area de concentragéo Estratigrafia, do Instituto de Geociéncias da Universidade Federal do Rio Grande do Sul com
titulo “Reconstrugéo dos paleoventos do Gonduana no Juro-Cretaceo”.

A parte algumas consideragdes gerais sobre a escrita e a organizagéo do texto, esta avaliagéo segue a estrutura da
dissertagéo. Capitulo por capitulo é comentado e avaliado o contetdo do texto. A dltima parte desta avaliagdo &
dedicada &s considerages gerais e conclusivas.

ESCRITA E ESTRUTURA GERAL DA DISSERTAGAO

A escrita ¢ constituida por periodos curtos, assim egregiamente evitando barroquismos literarios e repeticdes
inUteis. A gramatica é respeitada e a sintaxe usada é extremamente compreensivel. As informagdes resultam assim
claras e precisas. De fato, é 0 que se espera de escritos cientificos.

Como tive modo de comentar por outra dissertag&o de mestrado do mesmo curso, a estrutura com a qual esta é
apresentada é amplamente elogiavel. Por um lado, a parte introdutoria em lingua portuguesa introduz o tema e
permite a inclus&o de algumas explanages, que seriam demais longas para serem inseridas num artigo de revista;
por outro lado, o manuscrito em lingua inglesa facilita por parte do mestrando a difus&o na rede internacional do seu
trabalho de pesquisa.

TiTULO ,
O titulo € simples, intuitivo, direto. Otimo titulo.

RESUMO e ABSTRACT

O resumo é bem feito. De fato, imediatamente aponta ao tema da pesquisa e explica claramente as principais
conclusGes do manuscrito. Contudo, dever-se-ia inserir algumas palavras para explicar melhor os métodos usados
nessa pesquisa. De fato, parece-me um pouco redutivo falar somente de estratificagdes cruzadas.

INTRODUGAO, OBJETIVOS, ESTADO DA ARTE
Estes itens estéo todos no estilo da escrita, como comentado acima: curtos, claros, elucidativos e corretos.

MANUSCRIPT

ABSTRACT
O abstract do manuscrito é analogo ao resumo. Valem as consideragdes ja feitas.

INTRODUCTION AND BACKGROUND
Nas suas linhas gerais esta parte recalca quanto é escrito anteriormente em lingua portuguesa. Eu suspeito que
aparte do "background" seja um pouco demais prolixa e deveria ser cortadas.

STUDIED BASINS ,

Achei singular esta sess&o do manuscrito. As informagdes que estéo escritas so praticamente s6 geograficas.
De fato, para ser similar a um "Geological Setting" tém poucas informagdes, mas para ser uma sessdo (ou
paragrafo) separada é muito parca. Sugiro (mas esta sugestdo é so tedrica, ... de fato quem vai "bater martelo”
seréo os referees) incrementar o paragrafo com algumas informagdes geologicas das bacias que possam se ligar
com o tema da pesquisa ou inserir este paragrafo nos "Methods® o na "Introduction”.

METHODS
Nada a declarar, se n&o que s&o muito claros.

RESULTS AND DISCUSSION
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exemplo, eu teria procurado fazer uma descrig&o critica dos dados, considerando que a maioria deles ¢ extraida na
literatura. Talvez teria provado a me aprofundar, onde e por quanto possivel, no tipo de estratificagdes cruzadas
usadas como dados de paleodirecdo do vento. Outro aspecto que teria enfatizado, sempre onde possivel, é a
posigéo dos dados nas diferentes bacias e possivelmente definido a relagdo destes dados com o sistema ou parte
do sistema deposicional interpretado em literatura. A assercdo que a diregéo de imersdo dos foresets & paralela &
paleodireg&o do vento é correta no caso de dunas transversais, mas nem todas as dunas eram transversais. De
fato, acontece que, considerando a dificuldade de interpretar dunas lineares ou obliquas ou de reconhecer diregao
de vento em sistemas de draas com dunas superimpostas, muitas vezes as interpretagGes observadas na literatura
$do incertas. Provavelmente, se uma descrigdo mais detalhada dos dados néo tivesse sido possivel, teria sido
importante no texto transmitir esta incerteza.

CONCLUSIONS

As conclusbes s&o logicas, respeitam quanto escrito antes, ndo fazem um resumo de quanto escrito, mas
expressam somente as principais descobertas da pesquisa.

WRITING

O Inglés ¢ escrito bem. Quero dizer que é muito bem compreensivel para nos, ndo nascido, por sorte, num pais
anglo-saxao. Contudo, alguns poucos erros de digitag&o e sintaxe se encontram, mas n&o achei por isto importante
sinaliza-los no texto em pdf. Uma boa releitura ou ... os referees servirdo paraisto tb.

FIGURAS
As figuras séo boas, a grafica é clara e néo precisam modificagdes.

REFERENCES
Controlei s6 randomicamente. Aquelas que eu verifiquei estdo OK.

CONSIDERAGOES GERAIS E CONCLUSIVAS

Prefiro dividir esta avaliagdo como se eu fosse duas pessoas diferentes: um avaliador de dissertagéo e um
avaliador de referee de revista. Embora esta ultima no é minha incumbéncia, n&o posso separar completamente os
dois papeis, porque a dissertagéo como ¢ estruturada gera esta sobreposi¢éo e tendo eu mesmo as vezes ambos
as fungdes.

Sendo o avaliador de dissertagéo avalio esta dissertagéo excelente. A exceléncia é devida ao tema tratado, a
sua viso inter-regionalista, a maneira clara e sucinta do texto, & ordem com a qual estas ideias s&o tratadas.

Sendo o avaliador de manuscrito enviado a revista, provavelmente sugeriria de intensificar a descrigao e
discusséo dos dados. Mas geraria uma avaliagéo positiva do artigo com minor or moderate revisions.

Em fim, reforgando quando escrito. Esta dissertag&o é aprovada com exceléncia.

Questo & tutto,
Grazie, para ter me permitido avaliar esta dissertagao.
Giorgio
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PARECER:

O trabalho proposto pela candidata é de grande relevancia ao entendimento das
condigbes de circulagdo atmosférica materializado em rochas do Juréssico
Superior—Cretéaceo Inferior no interior do paleocontinente Gonduana. A candidata
mostra amplo dominio técnico sobre a tematica proposta e capacidade de
desenvolver discussdo e interpretacio baseadas no conjunto de dados
disponiveis. A apresentagéo da dissertagdo em formato de artigo cientifico € clara
ao leitor e a submissdo de um artigo ao corpo editorial de um periédico
internacional comprova a importancia da tematica abordada e o rigor cientifico no
tratamento dos dados.

Abaixo, apenas apresento algumas consideragbes de carater geral para melhor
clarificagdo de alguns trechos do trabalho e, outras de espectro especifico, citando
possiveis incorregdes. Contudo, nenhum comentario altera o mérito alcangado
pelo trabalho e, na forma como esta apresentado reservo a candidata o conceito
de excelente.

1) Topico 1.2. O substrato técnico para discussdo dos dados climaticos e de
padrdes de circulagdo apresenta alguns trechos ndo muito claros,
principalmente em referéncia ao padrdo mongdnico e, deveria apresentar
mais  referéncias  climatoldgicas e, ndo apenas de estudos
paleoclimatolégicos e de reconstrugdes paleogeograficas.

2) Figura 5. Sugiro a substituigdo pelo mapa de Meigs (1953) e, a inclusdo de
um mapa mundial de distribui¢do das isoietas, que facilitaria a compreensao
da distribuicao das grandes areas desérticas subtropicais.

3) Se faz necessaria a revisdo no uso de termos geocronolégicos e
cronoestratigraficos formais e informais, bem como no uso de suas
respectivas siglas e simbolos.

4) Studied basins. As bacias do Parana e Parnaiba s&o bacias paleozoicas e
nao mesozoicas conforme citado no texto. A cobertura mesozoica é apenas
uma parte do preenchimento dessas bacias.

5) Methods. E necessario especificar quais foram os dados coletados em
campo por esta pesquisa e quais sdo exclusivos da compilagdo




bibliografica. A autora cita por vezes os dados coletados, mas nao
especifica qual foi a unidade litoestratigrafica descrita nem a quantidade de
medidas realizadas. De forma como esta, passa a impressao que todos os
dados sdo provenientes da bibliografia.

6) Late Jurassic Paleogeography. Dom Joio é apenas um andar local da
Serie Reconcavo e sua defini¢éo foi realizada por Viana et al. (1971). (...) A
sucessdo recebe diferentes denominagdes litoestratigraficas, a depender
das areas em estudo.

7) Figure 4. De fato ¢ uma tabela, ndao uma figura! Nesta tabela seria
interessante acrescentar o tipo de duna (caso o autor tenha apresentado a
reconstrucao tridimensional), para facilitar a compreensao das estruturas
que foram medidas, porque a descricdo das unidades apresentadas nzo é
uniforme e, a discrepancia na quantidade de estratos cruzados medidos
pelos autores nos releva que, em alguns casos, os estudos n&o tinham o
viés de apresentar analises de paleocorrentes. Ademais, nao é especificado
a quantidade de afloramentos estudados pelo nimero de medidas obtidas |
para evitar tendenciamentos nas medidas.

8) Early Cretaceous beginning paleogeography. In the Hauterivian, a major
drop in sea level generated space? Discutindo a eustasia como fator de
controle a sedimentagéo, tal assergéo esta incorreta, precisa ser revista.

9) The Botucatu desert. O referido “deserto Botucatu” nio ocorre em tais
paises mencionados, pois ndo é uma configuragdo fisiografica atual. As
rochas atribuidas a Formagao Botucatu estéo distribuidas por tais paises e
0 ambiente ora inferido é edlico.

Outras sugestdes apenas se referem a tradugbes de termos especificos, como
monsoonal para mongénico e revisbes menores de aspectos de citagdes no corpo
do texto — ordenagéo por ano de produg&o. De qualquer forma, parabenizo a aluna
e seu orientador pelo exemplar trabalho gerado.
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