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RESUMEN

Los recientes descubrimientos significativos de petréleo ligero en los pozos Venus & Graff, localizados
costa afuera de Namibia en la cuenca de Orange, han reactivado el interés exploratorio en las
cuencas costa afuera de Uruguay, Argentina y sur de Brasil. Esto se debe a que América del Sur
y Africa comparten la misma historia geolégica siendo parte del supercontinente Gondwana y, en
consecuencia, de los margenes conjugados del Atlantico Sur desde el Cretacico Inferior en adelante.
Los descubrimientos de petréleo equivalente de miles de millones de barriles, producto de la
perforacion costa afuera en Namibia, generaran un mayor interés en invertir en exploracion en las
cuencas conjugadas en América del Sur. La pregunta es: ¢podrian las cuencas costa afuera de
Uruguay tener un potencial sistema petrolero analogo? En este documento, vamos a proporcionar
una idea de la prospectividad del area.

El objetivo del estudio fue demostrar que las cuencas de Punta del Este y Pelotas frente a las costas
de Uruguay tienen areas extensas que contienen trampas estratigraficas prometedoras en las
secciones correspondientes al sinrift (Cretacico Inferior) y postrift (Cretacico Superior y Cenozoico)”.
El estudio se baso en datos sismicos 3D y 2D y el andlisis de la respuesta de Amplitude Versus Angle
(AVA), también conocido como AVO (Amplitude Versus Offset). El método en si, permite la deteccién
rapida de anomalias de amplitud sismica en areas con potencial de contener hidrocarburos. Ademas del
trabajo de Ademas del trabajo de AVO, se utilizd un algoritmo de aprendizaje automatico para rastrear
todos los reflectores sismicos y evaluar la variacion de sus propiedades de forma de onda en el area.
El analisis condujo a la identificacion de posibles ambientes sedimentarios como canales y
sistemas de abanicos turbiditicos dentro de los limites de ambas cuencas. Se identificaron multiples
reservorios en niveles estratigraficos analogos a los de los descubrimientos de Venus y Graff, asi
como al prospecto Gazania localizado en la porciéon sudafricana de la cuenca de Orange.

INTRODUCTION

The outcomes of a recent geophysical study from the Punta del Este and Pelotas basins
of Uruguay are presented in this work. Lately, there has been an increased interest in the
offshore region of Uruguay, Northern Argentina and Southern Brazil due to the exploration

success in the conjugate Orange Basin off the coast of Namibia and South Africa.
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Originally, a part of Gondwana, the African and Southern American tectonic plates split from
each other beginning in the Cretaceous period and continued that separation until present day.
This rifting resulted in extensive parallel fracture zones on the Atlantic Ocean floor (Chaboureau
etal., 2012). The Rio Grande and Tristan da Cunha fracture trails extend across the ocean (Moulin
etal., 2005) and making it possible to correlate Namibia’s offshore margin directly to Uruguay and
partially to Argentina and Southern Brazil.

The recent Namibian petroleum discoveries Graff and Venus have confirmed multi-billion
barrels of oil equivalent resources. There are additional prospects in Namibia that are yet to
be tested. The estimated resources of both discoveries are being currently evaluated, but they
are both large and significant to the industry. In the meant time, there is a speculation that the
offshore acreage of Uruguay could hold analogous potential. In this study, we are going to provide

an insight into the prospectivity of Uruguay’s offshore exploration acreage.
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Figure 1. A schematic display of the area of the study. 3D dual-sensor data covers the area of approximately 15600 square kilo-
meters (blue) whereas, 2D data (orange) was shot over 11600 line kilometers.
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METHODOLOGY

The methods used in this study include two separate technologies applied independently.
First, angle stacks from 3D and 2D (Figure 1) were used in a flow based on AVO (Amplitude
Versus Offset) theory to obtain relative acoustic properties of the subsurface. The second method
was based on a Machine Learning algorithm for automatic tracking of seismic reflectors and

assessing shape properties of the seismic trace corresponding to those reflectors.
Method #1 - Relative AVO based acoustic properties

The method of studying amplitude variation with offset is based on the fact that when a
seismic wave encounters a boundary between two lithologies with different acoustic properties,
e.g., shale and sand; it would generate a reflection of a certain strength, and its amplitude will
depend on the angle of incidence of that wave as well as the bulk properties of these rocks. In
simple words, if the seismic energy reaches the boundary between shale and sand at a normal
angle, some part of it will be absorbed and another will be reflected. However, if the seismic
energy impinges on the shale / sand boundary at an angle different from 0 degrees, the reflection
amplitude will be different compared to the first scenario (Fig. 2) (Koefoed 1955).

Seismic records at different angles of incidence are standard deliverables of any modern
selsmic  acquisition — survey.
They are referred to as Near,
Mid and Far angle-stacks.
It is worth mentioning that
the quantitative comparison
of the angle stacks is the
essence of the AVO analysis.
There are two main AVO
attributes - the Intercept and i sandstone
Gradient. The Intercept is a
close representation of the
seismic section at the angle
of incidence equal to 0 (“Zero
angle stack”). The Gradient is

a measure of the amplitude

change from the Zero angle

Figure 2. A sketch of a basic AVO concept. The energy reflected at different angles
from a reservoir will be affected by the contents of the pore space of that reservoir.
A quantitative comparison of the Near, Mid and Far angle stacks is the basic pro-
cess of AVO analysis.

stack to the Far angle stack.

Estimates of relative acoustic
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impedance (rel.Ip) and relative ratio between P and S wave velocities (rel. Vp/Vs) can be produced
using a combination of the Intercept and Gradient volumes (Spratt ez al., 1993).

If used cautiously, these attributes can indicate potential hydrocarbon accumulations as well
as lithology variation across the study area (Reiser ez al., 2015). Over the past years, this approach
has proven to be a fast and reliable way of scanning large areas for potential leads exhibiting
amplitude anomalies without the need to build a low frequency background model (filling the gap
between the 0 Hz and the lowest seismic frequency). Given the broadband nature of the Uruguay
seismic data used in this analysis, there is a good reliability in amplitude response when exploring

for reservoir fairways.

Method #2 - Machine Learning

Usually, it is difficult and time consuming to track multiple seismic horizons for detailed
structural and stratigraphic analysis during the data interpretation stage. Limited resources and tight
timelines have a direct impact on the number of seismic reflectors being interpreted and used for
geophysical and geological (G&G) analysis. Often a geoscientist must extract amplitudes between
two horizons or use a window along a surface and extract averaged or mixed responses. Such an
approach is biased in many cases and can lead to situations where sedimentary and stratigraphic
features are being obscured or eliminated completely during the windowed amplitude extraction.

A more fit for purpose solution can be found in the domain of Machine Learning (ML).
Typically, a seismic survey contains millions to tens of millions of seismic traces, and each trace
contains a few thousands of data samples. These facts alone already assume there would be billions

of data points that could be analyzed by an automated algorithm.

Figure 3. A basic schematic example of the ML method used for tracking seismic reflectors within the 3D data. The left image
demonstrates that the seismic volume is being automatically subsampled into initial waveforms. Next, the entire volume is
searched for similarities. The initial waveforms can evolve during the analysis.
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In this study, we used ML for tracking hundreds of seismic horizons over an area of
approximately 15,600 square kilometers (sqkm) in Punta Del Este and Pelotas Basins offshore
Uruguay. The data was automatically subsampled into a spatial set of starting waveforms. Next,
the algorithm searched for similar waveforms elsewhere within the 3D seismic volume. The
stronger the similarity statistics was for the initial and newly found waveforms the more weight and
influence they were assigned (Fig. 3). On the contrary, poor match would lead to a modification
— an evolution of the starting waveform and looping the search process. Thus, simultaneous data
classification, evolution and grouping would allow identification of seismic wave patterns that
were repeated over an area. Then it was possible to trace such events with high precision over the

entire seismic volume.

GEOLOGY

The offshore Uruguay includes two adjacent sedimentary basins - Punta del Este and Pelotas.
Both areas are analogues to the Orange Basin (offshore South Africa and Namibia), because South
America and Africa share a common geological history as part of the super-continent Gondwana.
Prior to the breakup of Western Gondwana, the South American and African plates were bound
together forming a single continent (Mohriak e al., 2003; Moulin et al., 2005; Chaboureau et al,
2012). More specifically, most paleogeographic restorations (e.g., Scotese, C.R., 2014) show that
the Argentina/Uruguay margin and the South Africa/Namibia margin were attached. During the
Lower Cretaceous, the rifting process and later opening of the Atlantic Ocean drifted apart these
margins. Thus, the offshore of Uruguay (Punta del Este and Pelotas basins) and Namibia (Orange
basin) are conjugate margins that share a common geological history, particularly during the
Lower Cretaceous. At this period, oceanic crust was being generated for the first time in the proto-
Atlantic Ocean and the first marine ingression (Aptian) developed and deposited hydrocarbon-
prone shales (Junslager 1999). Regional seismic lines on both sides of the Atlantic (Uruguay/
Namibia) allowed to clearly identify this first marine sequence (Penn, et al., 2016) that represent
a world class source rock. This Aptian source rock is responsible for the large oil accumulations
associated with Venus and Graff wells (Hedley ez al., 2022) offshore Namibia. Also, comparing
the stratigraphy and geometry of the basins on both sides of the Atlantic, it is apparent that these
basins have a similar evolution, stratigraphy, and geometry. Particularly, during the Post-rift phase
(Aptian to Cenozoic) several deep marine depositional systems (turbidites) were developed in the
offshore of Uruguay, that are recognized in seismic sections (Gristo ez al., 2021). This Cretaceous
turbidite play has been de-risked for the region due to the recent discoveries of Venus and Graft
offshore Namibia.

The Punta del Este and Pelotas Basins are made up of extensive depositional sequences
(Stoakes et al., 1991; Ucha et al., 2004; Morales et al., 2010; Soto et al., 2011). Morales et al., (2017),
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recognize four mega-sequences: 1) Pre-rift of Paleozoic age, 2) Syn-rift, developed during the Late
Jurassic to Lower Cretaceous and represented by half grabens and SDRs, 3) a Transition phase
between tectonic and thermal subsidence (from Barremian to Aptian) & 4) Post-rift (since Aptian
to present day) where the sedimentation is controlled by eustatic changes in the sea level.

The same authors indicate that the Pre-rift and Syn-rift, as well as the transition and Cretaceous
Post-rift sequences of the Punta del Este and Pelotas Basins show evolutionary differences, while

the Cenozoic post-rift sequence is more homogeneous in both basins.
Petroleum system

The petroleum systems are described in a conceptual manner for both basins based on
recent works by Conti ef al, 2017; Arnemann Batista 2017; Morales et al., 2013-2017; and
joint ANCAP and Science Faculty studies (Fig. 4). Note that there is limited well information
since only three wells have been drilled in the Uruguayan offshore basins to date, and these
are — Lobo X-1, Gaviotin X-1 and Raya X-1. The main characteristics of the potential petroleum
systems present in each sequence (including source rock, reservoir, seal and trap mechanisms)
are summarized below.

The Pre-rift sequence has potential for organic rich marine shales with TOC ranging from
3.6% (Devonian) to 12% (Early Permian) based on onshore well data (Veroslavsky et al., 2003).
Both source rocks are known to be immature in the onshore Norte Basin (part of Parand Basin).
However, they are expected to be gas prone offshore due to the thick overburden. The migration
pathways are anticipated to be related to faults associated with the extensional phase of the rift.
The traps are likely to be mostly structural such as rotated fault blocks and anticlines. The reservoir
rocks are expected to be fluvio-deltaic and aeolian sandstones of Lower and Upper Permian age
accordingly (Veroslavsky et al., 2003). The main sealing rocks are Permian and Mesozoic shales
and some Lower Cretaceous basalts. Source rocks presence, reservoir quality and seal integrity are
the major risk factors of the Pre-rift sequence petroleum system.

The Syn-rift sequence is very well developed in the Punta del Este Basin, with grabens and
half-graben structures reaching sediment thicknesses of 3 to 4 kilometers. The source rock for this
sequence is represented by Hauterivian to Barremian lacustrine shales (Veroslavsky et al., 2004)
which developed in the depocenters of the grabens. Their seismic characteristics of parallel and
low amplitude reflectors can be easily recognized on sections. The reservoir rocks are associated
with alluvial and fluvial sandstones interbedded with the lacustrine shales. The most typically
recognized reservoirs of this sequence are stratigraphic traps associated with variations of facies
in pinch out sequences and alluvial fans. The shales serve simultaneously as source rocks and
intraformational seals. The migration of hydrocarbons should be vertical due to direct contact

of the source and reservoir rocks. The main risk factors for this sequence are the presence of the
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Figure 4. Schematic geological sections of Punta del Este (top) and Pelotas (bottom) basins. Source: ANCAP, Exploracion y
Produccidn, (2021), Evaluacion de Recursos Prospectivos de Petréleo y Gas en Uruguay.

source rock and seal integrity. The AJ1 well oil discovery (Paton ez al., 2007) and the soon to be
drilled Gazania prospect are both in the analogous sequence in the Orange Basin of South Africa
(Blok-2B, 300 km from North of Cape Town).

The Post-rift sequence includes Aptian and Cenomanian-Turonian marine shales with high
organic matter content as the main source rocks. Potential reservoirs of the Post-rift sequence are
mostly Cretaceous and Cenozoic sandstones associated with turbidite facies, marine channels
and fans which are well developed in the deep and ultra-deep parts of the basins. The migration
mechanism is associated with vertical normal faults. However, the migration pathways are a key
risk, especially for Cenozoic reservoirs as the Raya X-1 well demonstrated (ANCAP 2020).
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The Raya X-1 well drilled a 135 m thick turbidite Oligocene sandstone with good porosity but
no hydrocarbons, presumably due to the lack of migration pathways that connect the Cretaceous
source rocks (Aptian, Cenomanian-Turonian) with the Cenozoic reservoirs. However, the multi-
billion barrels oil Graff and Venus discoveries were made in the same sequence (Aptian and
Santonian reservoirs) and type of play on the African side of the margin (Hedley ez al., 2022). This,
together with the identification of a thick and widespread Aptian marine shale, with source rock

characteristics, makes the Post-rift sequence very prospective in the offshore basins of Uruguay.
RESULTS

Since the seismic method is based on measuring sound propagation through subsurface, metrics
such as rock density (Rho) and the speed of sound propagation in those rocks are key properties
for understanding a reservoir. Attributes such as P-impedance (Ip) and ratio between P and S wave
velocities also known as Vp/Vs are common attributes used in reservoir characterization. The Ip is
the product of density (Rho) and P-velocity (Vp) of a rock. Similarly, the product of density and
S-velocity is the S-Impedance (Is).

Ip=Rho * Vp (1)
Is =Rho * Vs 2)

Rocks that have a low density (Rho) and / or a slow Vp would have a low impedance. A low
Rho and / or low Vp can sometimes be associated with presence of hydrocarbons in the pore
space of a rock (Castagnha, J., Smith, S., 1994). This is because oil or gas are less dense and slower
(in terms of sound propagation) fluids than water. However, a low Ip can also be related to a
lithology change. In this regard, an additional attribute that is less sensitive to hydrocarbons is
required in order to reduce the uncertainty. The shear velocity of a rock also known as S-velocity
or Vs is not sensitive to fluids in the pore space. Thus, its derivative - Is - is a useful attribute for
understanding lithology changes. Furthermore, a ratio between Ip and Is or Vp and Vs should be
a good discriminator for possible fluid changes.

Ip/Is=Rho * Vs/Rho * Vs=Vp/ Vs 3)

Subsequent combination of attributes such as Ip and Vp/Vs can be a powerful tool for
minimizing risks when searching for possible leads in an area. The authors must warn though that
the mentioned above attributes and their combinations can have their own flaws. For example, a
small percentage of gas dissolved in brine can create an anomaly on both attributes which could
be misinterpreted as a HC anomaly. Also, seismic tuning effects can cause false bright responses.

The relative Ip (rel.Ip) and relative Vp/Vs (rel.Vp/Vs) were produced through an AVO
workflow. An example shown on the Figure 5 shows a joint interpretation of these attributes. The
displayed surface is a windowed rel.Vp/Vs amplitude extraction along an interpreted horizon (at

~6.5-7 km) in the Lower Cretaceous interval. The red, yellow and orange colors correspond to low
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rel.Vp/Vs, indicating possible presence of hydrocarbons. The contrasting colors green and blue
are high values designating areas with low probability of hydrocarbon occurrence. Dotted black
lines have been added to the map delineating a possible marine sand fan reservoir. It is promising
that the low relVp/Vs readings are clustered within the outline of the interpreted feature. Also,
note that a yellow arrow in the bottom right corner of the image points to an anomaly which is
restricted by a fault. This anomaly is only present in the upper block and thus less likely to be
caused by a lithology change than by pore fluid content.

The seismic section crossing the horizon in Figure 5 is an overlay of the rel.Ip in grayscale and
rel.Vp/Vsasa color drape on top. Multiple arrows point to anomalies in the mid-section that belong
to the same geological unit. However, the anomalies are laterally separated from each other. Two
conclusions can be made from this observation: First, the anomalies are stratigraphically bound
and secondly, this could be a single feature coming in and out of the section. It is important to
know that the Graff discovery was made in an analogous deep water sand channel setting (Hedley
et al,, 2022).

The shallower part of the section shows a prominent water bottom simulating reflector —
BSR. The event tends to be parallel to the water bottom irrespective of actual lithology beds it is
crossing (see the blue arrow). BSR usually signals the presence of gas hydrates which could be of
exploration value (Max, ez al., 2006). In addition, according to these authors, BSR can serve as an
efficient seal for underlying shallow gas accumulations. Note that the red arrow points to a bend
down seismic event below BSR. Such type of feature is also known as pull-down effect. Normally,
it is caused by the presence of gas which slows down the P-waves and creates a characteristic smile-

like feature on the section.

. o:lv rel.lp high
_lowssrelVp/Vs " high

IO " < o > 23 " ¢

Figure 5. A windowed relative Vp/Vs amplitude extraction along an interface from a Lower Cretaceous interval. The section is an
overlay of the relative impedance in grayscale and relative Vp/Vs as a color drape. Clearly seen on this image are BSR, shallow
gas anomalies, a channel feature in the mid-section and a possible fan outline on the map.
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The Machine Learning outcomes provided access to hundreds of tracked surfaces. The entire
~15600 square kilometer area was scanned to identify possible reservoir fairways that would be
good candidates for further analysis. The above-mentioned mid-section anomalies are better seen
on Figure 6. In fact, the anomalies seem to belong to the same turbidite complex. The extracted
event has similar seismic waveform response where the colors are bright. However, the darker
areas indicate that the seismic character starts to change significantly compared to the bright areas.

Thus, it is easy to comprehend areal limits of the identified feature.

0 waveform stability "l

Figure 6. The extracted ML attribute - waveform stability metric. This attribute can be used for tracking possible lithology chan-
ges, structural patterns or even geo-bodies. The presented feature can be interpreted as a possible turbidite complex.

The key surface extracted with help of ML is shown on the Figure 7. It is a display from Lower
Cretaceous interval with some notional interpretation. It shows details of multiple turbidite fan
geometries and feeder channels present in the area. The identified features are converging towards
the deeper water edge of the survey suggesting that their predominant clustering happens within
the extent of this seismic survey. Finally, the display on Figure 8 is another feature approximately
750 km? in size, extracted from the interval where leads analogous to Graff may occur. Blue arrows
indicate the direction of the sediment dump, and the yellow dotted lines show the interval where
the attribute was extracted from. The green arrows point to the regional erosional unconformity. It
is possible that the displayed turbidite features were exposed to the erosion too. That is why some
of them are fragmented e.g., the event on the right-hand side of the display. A channel character
can be seen on the seismic section however some part of the channel is missing and only a part of

it is preserved in the deeper portion.
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0 waveform stability

Figure 7. A waveform stability map from Lower Cretaceous, indicating possible presence of a well-developed complex of turbidi-
te fans and channels in the study area. Some of these features could be potential stratigraphic analogues to the Venus discovery.

regional
erosional
unconformity

0 waveform stability il

Figure 8. Same attribute corresponding to seismic trough extracted from the interval where opportunities analogous to Graff may
occur. It shows possible laterally extensive turbidite features.
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It is important to mention that the presented ML maps are quite different from the traditional
windowed attributes like Average, Minimum, Maximum and Root Mean Squared amplitudes
(RMS). The last are normally cleaner but demonstrate a mixed response from an interval. On the
contrary the ML attribute presented in this paper shows extreme detail at a seismic sample level.
There is a bit of a noise present in the displays however, there is no averaging, conditional sorting,
or mixing of the seismic character in a window. This results in preservation of the fine detail of
the identified features. Thus, the ML method demonstrated in this paper can serve as a useful tool

for mapping complex stratigraphic prospects.
CONCLUSION

The main goal of this work was to investigate if Punta del Este and Pelotas basins offshore
Uruguay contain promising stratigraphic traps in the Syn-rift and Post-rift sequences. The presented
AVO based seismic analysis, as well as the application of the ML for detailed tracking of seismic
reflectors, have proven to be very efficient tools for screening seismic data within the study area.
Prospective sedimentary environments such as turbidite channel complexes and fan systems were
identified. Their stratigraphic levels are analogous to those of Venus and Graff discoveries as well
as the Gazania lead in the Orange Basin.

Most of the reservoir fairways identified in the area have a stratigraphic component for
hydrocarbon trapping. However, the main risks of the petroleum systems in each basin are both the
trapping mechanisms and migration pathways. Given the lack of well data and the named risks, it
is crucial to extract the most out of existing or future seismic data. The AVO methodology and the

latest advances in the ML will also be of great help in studying the source rocks in more detail.
ACKNOWLEDGEMENTS

The authors would like to thank ANCAP and PGS for allowing to publish this work. Also, we
are thankful to the authors in the references below. And finally, thanks to colleagues both from
ANCAP and PGS for their contribution into this study.

REFERENCES

Arnemann Batista, C.M. 2017. Bacia de Pelotas.  Bryant, I.; Herbst, N.; Dailly, P.; Dribus, J. R.; Fain-

Sumirio Geoldgico e Setores Em Oferta, stein, R.; Harvey, N.; McCoss, A.; Montaron, B.;
14a Rodada de Licita¢des. Superintendén- Quirk, D. & Tapponier D. 2012. Basin to basin:
cia de Definicio de Blocos, ANP. Brasilia, Plate tectonics exploration. Oil Review 24, n° 3,
Brasil. p 38-57.

460 Exploracion y Sistemas Petroleros



What is hidden in Punta del Este and Pelotas basins of Uruguay?

Castagna J. P., Smith S. W. Comparison of AVO indi-
cators: A modeling study. - Geophysics, 1994, v.
59, p.p. 1849-1855.

Chaboureau, A. -C.; Guillocheau, F.: Robin, C.; Ro-
hais, S.; Moulin, M. & Aslanian, D. 2012. Pa-
leogeographic evolution of the central segment
of the South Atlantic during Early Cretaceous
times: Paleogeographic and geodynamic implica-
tions. Tectonophysics

Conti, B., Perinotto, J.A. de J., Veroslavsky, G., Castil-
lo, M.G., de Santa Ana, H., Soto, M. & Morales,
E. 2017. Speculative petroleum systems of the
southern Pelotas Basin, offshore Uruguay. Ma-
rine and Petroleum Geology, 83, 1-25. Conti, B.,
Ferro, S., Tomasini, J. & Gristo, P. 2019

Gristo, P.; Conti, B.; Rodriguez, P.; Novo, R.; Marmi-
solle, J.; de Santa Ana, H. 2021. Evaluacién de
Recursos Prospectivos de Petrdleo y Gas en
Uruguay. Exploracién y Producciéon, ANCAP.
Primera Versién Espafiol. https://exploraci-
onyproduccion.ancap.com.uy/innovaportal/
file/9457/1/2021-eyp-recursos rospectivos_es.pdf

Gristo, P., Conti, B., Potential for Underground Hy-
drogen Storage in the Uruguayan Continental
Shelf - ICE Cartagena 2022, p. 20.

Hedley, R.; Intawong, A.; Winter, F. & Sibeya, S. 2022.
Hydrocarbon play concepts in the Orange Basin
in light of the Venus and Graff oil discoveries.
First Break. Volume 40

Junslager, E.H.A. Petroleum habitats of the Atlantic mar-
gin of South Africa. In: Cameron, N.R.; Bate, R.H.
and Clure, V.S. (eds). 1999. The Oil and gas habi-
tats of the South Atlantic. Geological Society Lon-
don, Special Publication, 153, p. 153-168

Koefoed O. On the effect of Poisson’s ratios of rock strata
on the reflection coefficients of plane waves. - Geo-

physical Prospecting, 1955, v.3, p.p. 381- 387.

IAPG - |Instituto Argentino del Petréleo y del Gas

Moulin, M.; Aslanian, D.; Olivet, J.L.; Contrucci, I;
Matias, L.; Géli, L.; Klingelhoefer, F.; Nouzé, H.;
Réhault, J.P. & Unternehr, P. 2005. Geological con-
straints on the evolution of the Angolan margin
based on reflection and refraction seismic data (Za-
iAngo project), Geophys. J. Int., 162: 793-810.

Mobhriak, W.U., Rosendahl, B.R., Turner, J.P., Valente,
S.C. 2003. Crustal architecture of South Atlantic
volcanic margins. In: Menzies, M.A., Klemper-
er, S.L., Ebinger, CJ., Baker, J. (Eds.), Volcanic
rifted margins. Geological Society of America, p.
159-202. Special Paper 362.

Max, M. D.; Johnson, A. H. & Dillon, W. P. 2006.
Economic Geology of Natural Gas Hydrate,
Springer.

Morales, E., de Santa Ana, H., Chang, H.K., Santos
Corréa, F. & Veroslavsky, G. 2010. Migracién
de depocentros en las cuencas Punta del Este y
Pelotas (offshore de Uruguay). In: VI Congreso
Uruguayo de Geologia. Minas, Uruguay

Morales, E. 2013. Evolugio Tectdnica e Estratigrifica
Das Bacias Da Margem Continental Do Uruguai.
Universidade Estadual Paulista.

Morales, E., Chang, H.K., et al., 2017. Speculative
petroleum systems of the Punta del Este Basin
(offshore Uruguay). Brazilian Journal of Geol-
ogy, 47, 645-656, https://doi.org/10.1590/2317-
4889201720170078.

Paton, D.A.; Di Primio, R.; Kuhlmann, G.; Van Der
Spuy, D. & Horsfield, B. 2007. Insights into the
Petroleum Systems Evolution of the southern
Orange Basin, South Africa. South African Jour-
nal of Geology, v. 110, p. 261-274.

Reiser, C., Bird, T., Whaley, M., Reservoir property
estimation using only dual-sensor seismic data —
a case study from the West of Shetlands, UKCS
— First Break, volumen 33, 2015, 93-101

461



IAPG e Instituto Argentino del Petréleo y del Gas

Penn, L., Scaife, G., Spoors, R., Perfect Atlantic Ana-

logues, GeoExPro, Vol 9. Nol - 2016

Stoakes, F.A.; Campbell, C.V.; Cass, R., Ucha, N.

1991, Seismic stratigraphic analysis of the Punta
del Este Basin, offshore Uruguay. South Ameri-
ca. Bulletin of the American Association of Pe-

troleum Geologist 75 (2), 219-240.

Spratt R.S., Goins N.R., Fitch T.J. Pseudo-Shear - The

Analysis of AVO, in Castagna ].P. and Backus
M.M., Eds., Offset-dependent reflectivity — The-
ory and practice of AVO analysis. - Soc. Expl.
Geophys., 1993, p.p. 37-56.

Scotese, C.R. 2001. Atlas of Earth History, PALEO-

MAP Project, Arlington, Texas, 52 pp

Soto, M., Morales, E., Veroslavsky, G., de Santa Ana,

H., Ucha, N. & Rodriguez, P. 2011. The 61 con-
tinental margin of Uruguay: Crustal architecture
and segmentation. Marine and Petroleum Geol-
ogy, 28, 1676-1689, https://doi.org/https://doi.
org/10.1016/j.marpetgeo.2011.07.001.

Scotese, C.R. 2014. Animation: Paleogeography (750

Ma - Present-dat), PALEO-MAP Project, Evan-
ston IL. http://youtu.be/tObhGzHH2aw

Tomasini, J. & Stephen, K.D. 2020. Assessment of the

462

Potential for GasProduction from Marine Methane

Hydrate Reservoirs by Numerical Simulation. In:
SPE Latin American and Caribbean Petroleum
Engineering Conference, 27-31 July, Virtual.
Virtual Meeting, Society of Petroleum Engineers,

25., https://doi.org/10.2118/199134-MS.

Ucha, N., de Santa Ana, H. & Veroslavsky, G. 2004.

La Cuenca Punta del Este: geologia y potencial
hidrocarburifero. In: Veroslavsky, G., Ubilla, M.
& Martinez, S. (eds) Cuencas Sedimentarias de
Uruguay. Geologia, Paleontologia y Recursos
Naturales. Mesozoico. Montevideo, Uruguay,

DIRAC Facultad de Ciencias - SUG, 173-192.

Veroslavsky, G., Daners, G. & de Santa Ana, H. 2003.

Rocas sedimentarias pérmicas de la plataforma
continental uruguaya: el prerift de la Cuenca de

Punta del Este. Geogaceta, 203- 62 206.

Veroslavsky, G., de Santa Ana, H. & Rossello, E.A.

2004. Depositos del Jurdsico y Cretdcico Tem-
prano de la Region Meridional de Uruguay -
El lineamiento Santa Lucia-Aigud-Merin. In:
Veroslavsky, G., Ubilla, M. & Martinez, S. (eds)
Cuencas Sedimentarias de Uruguay. Geologia,
Paleontologia y Recursos Naturales. Mesozoi-
co. Montevideo, Uruguay, DIRAC-Facultad de
Ciencias, 117-142.

Exploracion y Sistemas Petroleros



