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ABSTRACT

This study uses minimal prior information to place into context
the exploration potential for two prospects that lack well infor-
mation in the Pelotas and Punta del Este Basins, offshore Uru-
guay. Prospect A is representative of a typical prospect within
the Cretaceous turbidite play, interpreted to be charged by
marine Aptian shales, with an Albian sandstone reservoir sealed
by Cenomanian shales during a regional transgression, trapped in
a structural-stratigraphic trap. Prospect B is representative of a
typical prospect within the Cretaceous shallow-marine sandstone
play, charged by Barremian lacustrine shales into Maastrichtian
reservoirs, sealed by transgressive Paleocene shales, in strati-
graphic pinch-outs and/or subunconformity truncation traps.

Prospects A and B were benchmarked using four filters that
restricted analogues to similar hydrocarbon type, reservoir age,
depositional environments, and trapping mechanisms. The re-
sulting analogue population can be used to reduce uncertainty
and quantify the potential of the prospects. Prospect A’s inter-
pretation is on the high side of the analogue distribution since
both the productive area and original oil in place do not exceed
the 10th percentile of observed data of the analogue data set.
Significant uncertainty exists for prospect B as currently defined,
but analysis of the context of the play and prospect suggests that
the appropriate conditions exist to be a viable play.

This workflow can be used in a variety of low-data situa-
tions to increase confidence in interpretation and decrease risk
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by narrowing uncertainty. This study demonstrates
that methodical and critical application of ana-
logues can quantitatively augment available data
with information based on historical performance,
instead of relying on subjective and qualitative indi-
vidual and team experience of similar analogues.

INTRODUCTION

The aim of this study is to objectively quantify the
hydrocarbon resource potential of the Uruguayan
Pelotas and Punta del Este Basins using analogue
benchmarking of prospects in the two primary plays.
These plays have been identified by prior work as the
most likely to be successful and have prompted the
only offshore drilling in recent years (Rodriguez et al.,
2019). The intent of this study is not to define the
chance of success for individual prospects or plays,
but rather to place previous work that describes the
hydrocarbon potential of offshore Uruguay in the
context of similar prospects and plays worldwide.
This type of analysis serves as quality assurance on the
accuracy of technical predictions, including highlight-
ing potential gaps, issues, and biases. This paper sum-
marizes findings from ongoing research to quantify
predictions and outcomes on a parameter, volume,
and uncertainty basis.

Analogue Benchmarking

Analogue methods play a significant role in both the
assessment of resource potential and as a basis for
reserves estimation, particularly during exploration
and appraisal phases of an asset’s life, when informa-
tion from direct measurement is limited and typically
at a minimum (Sidle and Lee, 2010). However, fre-
quently, analogue analysis is a qualitative process that
can depend heavily on individual, team, and company
experience (Hodgin and Harrell, 2006). Consequently,
there is little formalization and consistency of applica-
tion, and this can result in both bias and an absence of
analytical repeatability (Milkov, 2015). Further, this
subjectivity inherent to the process limits the capacity
to learn from best practices and mistakes (Milkov and
Samis, 2020). This is in direct contrast to other aspects
of the exploration and appraisal workflow, where
much effort has been applied to imposing objectivity
and removal of bias, particularly in the estimation of
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resource and the calculation of reserves (Society of
Petroleum Engineers, 2018).

In situations where prior information is limited,
such as predrill exploration or even preseismic explo-
ration, geoscientists and engineers have more leeway
in developing permissible alternatives. Such alterna-
tives may be predicated solely on limited information,
such as the age of the target formation, tectonic set-
ting, and likely lithology based upon paleogeography
and basin dynamics. As more information becomes
available, the number and variation of permissible
alternatives decreases. This reduction in possibility
and uncertainty commonly decreases inversely with
the number of well penetrations of the reservoir
throughout a field’s life. The use of structured ana-
logue benchmarking early in a field’s life can reveal
new or previously missed opportunities for value cre-
ation and increase the chances for a favorable outcome
without any appreciable cost or risk in the application
of the method. More broadly, systematic benchmark-
ing of trends, such as portfolios of reservoirs or plays,
is vital to improving predictive concepts through the
quantitative identification of common themes of suc-
cess and causes of failure (Milkov, 2021).

As data on a prospect or asset increase, analogues
provide a valuable mechanism for quality assurance
of assumptions throughout the exploration and pro-
duction lifecycle (Sun et al., 2021). Initial technical
work and data collection can be tested against the
efficacy of methods employed by analogues, helping
to frame a problem and identify likely critical risks and
uncertainties. As technical understanding matures,
benchmarking can be used to calibrate a prospect’s
or asset’s potential, both assisting in the selection of
parameters, and providing the basis for their use as
inputs to volumetric assessments. Finally, statistics
derived from appropriate use of analogue bench-
marking is a powerful method of quality assurance,
providing a key reality check for important and
costly decisions (Milkov, 2020).

Use of Analogues in Frontier Exploration

Fundamental geoscience in the form of interpretation
and analysis is commonly the basis for identifying and
characterizing resource potential during exploration
prior to drilling. Historical drilling results can be used
to test the ideas and techniques used by geoscientists
during risking and assessment. However, in frontier



exploration where prior drilling information is lim-
ited, such as offshore Uruguay, accurate assessments
cannot be formed by nearby drilling alone, and analo-
gous information must be used from beyond the local
area.

The complementary relationship of fundamental
geoscience analysis combined with global and local
calibration to analogue data has long been recognized
and implemented, albeit commonly in a qualitative
and subjective manner. Petroleum geoscientists and
engineers regularly make predictions about plays,
prospects, reservoirs, potential hydrocarbon recov-
ery, and well performance. Typically, this is achieved
by applying concepts and workflows to subsurface
data sets. The veracity of the interpretation made by
geoscientists is commonly only realized with the dril-
ling of an exploration well. This then provides infor-
mation on how useful the applied technology was
and how complete the understanding of the subsur-
face is. Analogue benchmarking, used appropriately,
can provide a valuable form of quality assurance of
assumptions, without the expense of an exploration
well. If the proposed parameters for a prospect are
beyond the range of similar prospects worldwide,
then doubt should form as to the likelihood of the
assessment being accurate. At the least, this kind of
analysis forces detailed quantification of assumptions
and an explicit assessment of their probability. With
enough accurate analogue data, trends and opportu-
nities can be understood on both a local and global
basis (Milkov and Navidi, 2020). Given a suitably
large sample size, this data can further be used to cali-
brate concepts and tools, as well as provide a basis for
future predictions.

Exploration for new hydrocarbon resources
requires confidence that a new well will be successful.
This confidence is derived from quantitative and semi-
quantitative sources, such as direct and indirect mea-
surement of the subsurface, and qualitative sources,
such as the experience of the geoscientists and engi-
neers involved. Although established methods have
emerged for establishing the risk and uncertainty asso-
ciated with quantitative sources, it is typically more
difficult to quantify with any certainty the degree of
risk and uncertainty derived from qualitative sources.
Frequently, overconfidence results in the risk asso-
ciated with defining a too-narrow range of out-
comes, and an unrepresentative chance of success.
Recent work has focused on reducing conscious and

unconscious bias in exploration and production deci-
sion-making (Milkov, 2015, 2021; Peel and White,
2016). The rigorous and unbiased application of ana-
logue benchmarking, when used appropriately and
with context provided by prior geological information
and experience, is an effective tool at eliminating bias
and for the examination of assumptions. It prompts
the consideration of viable alternatives and scrutinizes
alternate routes to creating value through objective
characterization, leading to better decisions.

Benchmarking predrill assumptions against the
results observed in a global analogue data set should
form an integral part of prospect maturation work-
flow. This information can enhance the knowledge of
groups of subject-matter experts that may be prone
to cognitive bias (Baddeley et al., 2004; Rudolph and
Goulding, 2017). Significant variation of the bench-
marked parameter from the average of analogues, or
wide ranges themselves, are permissible but should
be evaluated critically. Comparisons made on an ana-
logue basis can be used to better identify, evaluate,
and prioritize opportunities by making clear where
bias has led to an over- or underestimation of uncer-
tainty, risk, and volumes. The trends observed in the
analogue data set, although not a guarantee of future
performance for any individual field, represent a
statistically significant sample to understand the
probability distribution of equivalent fields, and can
therefore be considered representative of future out-
comes on an aggregate basis. A further advantage of
using a robust database of analogues is that there is
no dependency between the observed data and the
comparator data set, which could exist when using
local analogues exclusively.

Geological Setting

The Punta del Este Basin and the southern part of
the Pelotas Basin, both offshore Uruguay, and part
of the South Atlantic volcanic passive margin, are
relatively unexplored compared with nearby basins
on the South Atlantic margin (Figure 1). Conjugate
margin rift basins of West Africa and Brazil were
initially formed by extension during the Early Cre-
taceous, as the South American plate began to sep-
arate and rotate clockwise from Africa (Stoakes
et al., 1991). Within the present-day Brazilian sector,
20 exploration wells were drilled in the Pelotas Basin
prior to 2017 (Conti et al., 2017). In contrast, the
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line of sections for Figures 2 and 3. Depth map (inset, lower left) depicting top basement courtesy of Administracion Nacional de Combus-

tibles, Alcohol y Portland.

only well drilled to date in the Uruguayan sector of
the Pelotas Basin was the Raya-X1 well in 2016,
whereas two wells (Lobo-1 and Gaviotin-1) have
been drilled in the Uruguayan shallow-water part of
the offshore Punta del Este Basin in 1976 (Morales
etal., 2017a; Rodriguez et al., 2019).

Despite the paucity of well data in an area of more
than 130,000 km?, numerous seismic surveys have
allowed detailed study of the basin evolution (Preu
et al.,, 2012; Rossello et al,, 2018) and sedimentary
sequence (Viera Honegger et al., 2018; Kirby et al.,
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2021). Major stratigraphic unconformities have been
recognized along with primary structural elements of
deformation. Prerift, synrift, and the Cretaceous post-
rift sedimentary sequences differ significantly between
the two basins, whereas the Cenozoic postrift is more
homogeneous (Morales et al., 2017b; Viera Honegger
etal., 2018).

Prerift Gondwanan Paleozoic sediments are
preserved as relicts after uplift and subsequent
denudation during the late Hercynian Orogeny.
Two synrift stages have been identified in the Punta



del Este Basin, whereas only the later stage is apparent
in the Pelotas Basin. During the initial synrift, in the
Late Jurassic to earliest Cretaceous, half grabens
bounded by northwest-southeast faults developed.
During later extension in the Early Cretaceous, anti-
thetic faulting developed parallel to the margin in a
northeast-southwest orientation, resulting in the
development of smaller half grabens (Soto et al.,
2011; Steventon et al., 2019).

In the Pelotas Basin, the synrift megasequence fills
in half graben structures in the proximal part of the
basin. Distally, this megasequence is characterized by
seaward-dipping reflectors (SDRs) (Fontana, 1990).
The postrift megasequence is dominated by marine
sedimentation separated into shelfal, transgressive,
and regressive sequences by Bueno et al. (2007).
This postrift sedimentation is dominated by a sedi-
mentary wedge that thickens seaward (Paton et al.,
2017). In the Punta del Este Basin, Cretaceous post-
rift strata are primarily deposited in a regressive
systems tract, with periodic progradational wedges
(Conti et al., 2017; Viera Honegger et al., 2018). This
contrasts with the Pelotas Basin, where sedimentation
is primarily within an aggradational-retrogradational

systems tract (Figure 2). The Cenozoic postrift interval
is retrogradational in both basins (Conti et al., 2017;
Morales et al., 2017b; Viera Honegger et al., 2018).

Significant attention has been afforded in recent
years to the hydrocarbon potential of offshore Uru-
guay (e.g., Saunders et al., 2013; Penn et al., 2016).
Recent high-quality seismic data have identified mul-
tiple possible reservoirs, traps, source rocks, and direct
hydrocarbon indicators in the basin (Morales et al.,
2017a, 2020; Rodriguez et al., 2019).

Seismic interpretation has led to several workers
proposing deltaic processes as the most likely source
of potential plays (Herndndez-Molina et al., 2016;
Conti et al., 2017; Morales et al., 2017a). Many likely
reservoirs were deposited by common mechanisms in
passive-margin, mixed-source deltaic systems, includ-
ing those of basins in the West African conjugate mar-
gin (Beglinger et al., 2012). This includes highstand
sands deposited within prograding clastic wedges,
shelf-edge sequences deposited during aggradation,
and lowstand slope fan sands.

The onshore Parana Basin has been used as a
local analogue of a proven petroleum system equiva-
lent to prerift offshore plays (Conti et al., 2017).
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Half grabens of the synrift have been interpreted as
possibly containing lacustrine source rocks (Scaife
and Ferro, 2011). The SDRs within the Cretaceous
sequence have been interpreted as a possible reser-
voir interval (Conti et al., 2017), benefitting from a
potentially widespread Aptian—Albian source rock,
with the main risk being the presence of high-quality
reservoirs. Analogous reservoirs within the proven
petroleum system of the Orange Basin (Namibia)
are aeolian sandstones interbedded with volcanic
rocks (Conti et al., 2017; Samakinde et al., 2021).
In the postrift megasequence, Conti et al. (2017)
identified three potential marine source rocks re-
lated to maximum flooding surfaces. This study also
highlights multiple siliciclastic reservoirs within
the postrift megasequence and regional shale seals
deposited during maximum flooding events in the
Cenomanian-Turonian, Paleocene, and Miocene.
Conti etal. (2017, p. 23) conclude that the “post-rift
petroleum systems present a higher hydrocarbon
potential compared to those of the pre-rift and syn-
rift megasequences.”

Most of the traps identified in these basins
are stratigraphic traps, including pinchout traps,
turbidite sedimentary bodies, and channels. Migra-
tion pathways are noted as a critical risk (e.g., Conti
et al., 2017), but several studies note the presence
of significant throughgoing faults associated with
postrift tectonism that may act as migration path-
ways for Lower Cretaceous source rocks to charge
postrift Cretaceous reservoirs, and Paleocene source
rocks, if mature, to charge Cenozoic reservoirs
(Franke et al., 2007; Tomasini et al., 2011; Creaser
etal., 2017).

Approximate Prospect A location SE
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M Postrift/Cretaceous <& Source Rock
M Synrift/SDRs \ Faults
W Prerift = Hydrocarbon migration
M Basement SDRs = Seaward-Dipping
Reflector series

Depth (km)
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25 km

(B) Nw
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METHODOLOGY

Primary Data

The primary data for this study were provided by the
Administracién Nacional de Combustibles, Alcohol
y Pértland (ANCAP), Uruguay. The ANCAP is the
state-owned company with responsibility for Uru-
guayan hydrocarbon resources. The ANCAP pro-
vided data and interpretation for one anonymized
undrilled exploration prospect for each of the two
plays to be analyzed: prospect A and prospect B
(Figure 3). The identified prospects were specifi-
cally selected to be representative of the play in
general, and not represent an extreme for any key
parameter (Rodriguez et al., 2019).

Prospect A is representative of a typical prospect
within the Cretaceous turbidite play, interpreted to
be charged by marine Aptian shales, with an Albian
sandstone reservoir sealed by Cenomanian shales
during a regional transgression (Figure 3A). The trap-
ping mechanism is envisaged to be a combination
structural-stratigraphic trap related to the channels
and depositional geometry of the turbidite system
and postrift throughgoing faults (Figure 4).

Prospect B is representative of a typical Creta-
ceous shallow-marine sandstone play. It is interpreted
to be charged by Barremian lacustrine shales into
Maastrichtian reservoirs (Figure 3B). The different
charge model is based on the more proximal setting
of the trapping geometries, overlying half grabens
formed from earlier rifting, which are postulated to
be “kitchens” of hydrocarbon maturation. Prospect B
is interpreted to be sealed by transgressive Paleocene

Approximate Prospect B location
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Figure 3. Schematic cross sections indicating notional position of petroleum system elements within an idealized shelf-basin transect
across (A) prospect A and (B) prospect B (modified after Gristo et al., 2021). Interpretation by the Administracion Nacional de Combusti-

bles, Alcohol y Portland. The line of the section is shown in Figure 1.
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shales. Stratigraphic pinch-out and/or subunconfor- Polonio high, which separates the Punta del Este and
mity truncation are interpreted to be the main trap- Pelotas Basins (Morales et al., 2017b).

ping mechanisms (Figure 5). These can be formed in Predrill assumptions for prospect A and pros-
several ways, including differential compaction and pect B include geologic and engineering parameters
also tectonic inversion related to the uplift of the related to each hydrocarbon play element, such as
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Figure 5. Northwest-southeast dip seismic line across prospect B showing the geometry of the mapped subunconformity truncation
trap (Gristo et al.,, 2021). The inset map shows the study area and the line of section (heavy red line). The seismic polarity is Society of
Exploration Geophysicists standard. Seismic data and interpretation courtesy of the Administracion Nacional de Combustibles, Alcohol y
Portland. TWT = two-way traveltime.
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hydrocarbon type, API gravity, formation volume
factor (FVF), gross reservoir thickness, matrix poros-
ity, depth to top of reservoir, trap flank dip, produc-
tive area, and hydrocarbon column height. Derived
parameters, in that they are dependent on other fac-
tors such as original oil in place (OOIP) and resource
density, were also calculated and used in this study.
Contextual information, such as tectonic setting,
trapping mechanism, geologic age, and depositional
environment, for each petroleum system element

were also included. Crucially, the provided data is pri-
marily derived from indirect measurements within
the study area, because direct measurement from
wells is limited. The data used for comparison to the
analogue data set are given in Table 1.

Analogue Database

The analogue data used by this study comes from a
proprietary database of global reservoirs, compiled

Table 1. Key Text and Numeric Parameters of Prospect A and Prospect B Used for Comparison to the Analogue Data Set

Parameter Category Prospect A Prospect B
Field
Onshore/offshore Offshore Offshore
Water depth, m 2500 150
General
Hydrocarbon type Oil only Oil only
Source
Source rock age Aptian Barremian
Source rock tectonic setting Postrift sag Rift
Source rock depositional system Marine shelf Nonevaporitic lacustrine
Source rock lithology Shale Shale

Trap
Trap tectonic setting
Trapping mechanism

Depth to top of reservoir, m TVDML

Trap flank dip (average), °

Productive area, ac

Hydrocarbon column height, m
Seal

Seal age

Seal depositional system

Seal lithology

Seal thickness (average), m
Reservoir

Reservoir age

Reservoir tectonic setting

Depositional environment

Gross reservoir thickness (average), m

Lithology

Matrix porosity (average), %
Fluid

API gravity (average), API

Formation volume factor, RB/STB
Resource

Original oil in place, million bbl of oil

Resource density, thousand bbl of oil/ac

Passive margin

Lateral depostional pinch-out,

Passive margin

Lateral depostional pinch-out,

normal fault regional subcrop
4600 1900
1.1 13
43,985 86,487
480 145
Cenomanian Paleocene-Eocene
Deep marine Deep marine
Shale Shale
150 450
Albian Maastrichtian

Passive margin
Submarine fan

Passive margin
Coastal, estuary, delta

90 40
Sandstone Sandstone
12.5 19
30 30
1.38 1.31
6682 3580

152.0 11

Analogue data set from Gristo et al. (2021).

Abbreviations: RB/STB = reservoir barrel/stock tank barrel; TVDML = true vertical depth below mudline.
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using more than 50,000 open-domain publications.
This data set includes samples from every significant
petroleum basin, play, and reservoir type. The infor-
mation used to compile this analogue knowledge base
is standardized and parameterized into approximately
400 variables for each reservoir. This parameteriza-
tion is supported using detailed field and reservoir
case studies. Each field case study details how and
why the prospect was drilled and the basin genesis
and source rock, and contains a detailed description
of the structure and trap definition, reservoir charac-
teristics, and fluid properties. It also details resources
as well as human factors in field development, includ-
ing development strategy, reservoir management prac-
tices, and improved recovery techniques applied and
their outcomes. Using a holistic classification scheme
allows consistent and appropriate comparisons to
be made on an equal basis between analogues—
colloquially, “comparing apples to apples” (Sun
etal., 2021).

Benchmarking Workflow

The workflow used herein attempts to provide an
accurate, objective, and repeatable way of conducting
analogue analysis and benchmarking. The workflow
consists of five key steps: (1) define problems and
objectives, (2) consistently document knowledge, (3)
choose relevant analogues, (4) benchmark targets or
characterize analogues, and (5) identify best practices
(Figure 6). Problems of differing nature and for differ-
ent objectives require different sets of analogues. The
workflow advocates starting with a broad set of para-
meters to find a wide range of analogues, then narrow
the selection as appropriate to focus on the specific

E

Accurately parameterize
prospects and assets using a
rigorous standard, consistent
rules and a comprehensive
classification scheme.

Develop a clear
understanding of the
problem to address and
the critical question to
answer.

DEFINE PROBLEMS &
OBJECTIVES

Focus on addressing the
identified problem(s) rather
than anchoring on look-alike
or geographically close
analogues.

CHOOSE RELEVANT
ANALOGUES

critical issue (Sun and Pollitt, 2022). This workflow is
intended to introduce a simple, practical, and effec-
tive solution to removing the bias that currently exists
in the use of analogue information.

Analysis was conducted by comparing predrill
assumptions for prospect A and prospect B to out-
comes from analogous reservoirs on a parameter basis.
The identified analogue populations generally have at
least 30 data points to ensure comparisons are statisti-
cally significant and avoid bias caused by low sample
size. This has particular importance when examining
parameters that exist at the extreme of the distribu-
tion, such as very high net-to-gross reservoirs or reser-
voirs with a very large trapping container.

Analogue Selection

Thirty-three analogous reservoirs were identified for
prospect A using three conditions: (1) offshore oil
reservoirs, (2) submarine fan depositional environment
of Cretaceous and Cenozoic age, and (3) specific
stratigraphic trapping mechanisms (lateral deposi-
tional pinch out, clastic macroform, and erosional
trough-fill). The analogue reservoirs identified accord-
ing to these criteria, along with key text and numeric
parameters used for benchmarking analysis are sum-
marized in Table 2.

Thirty-four analogous reservoirs were identified
for prospect B using three conditions: (1) onshore
or offshore oil reservoirs, (2) coastal depositional
environment of Cretaceous age (shoreline-shelf, estu-
ary, delta), and (3) specific stratigraphic trapping
mechanisms (lateral depositional change, subuncon-
formity truncation, onlap onto erosional surface, ero-
sional trough-fill). The analogue reservoirs identified

BENCHMARK TARGETS
OR CHARACTERIZE
ANALOGUES

Analyze specific geological,
engineering and production
parameters relevant to the
critical issues identified and
scrutinize potential solutions
from best-in-class analogues.

Place the prospect or asset in
question in context of the
probabilistic distribution of
parameter values for the selected
set of analogues to discover
critical issues and reveal value
creation opportunities.

IDENTIFY BEST
PRACTICES

Figure 6. Flowchart describing key steps in the analogue benchmarking workflow used in this study, along with descriptions of critical

activities during each step.
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according to these criteria, along with key text and
numeric parameters used for benchmarking analysis
are summarized in Table 3.

For both prospects, condition 1 restricts the
search to the relevant fluid phase. Condition 2
restricts the search purely to geologically similar
types of reservoirs constrained by depositional envi-
ronment and reservoir age. Condition 3 constrains
the trapping conditions to those envisaged by the
play concept.

Eight key parameters were identified and used to
benchmark prospect A and prospect B. These include
parameters critical to assessing hydrocarbon in place,
such as matrix porosity, fluid properties such as API
gravity and FVF, and parameters critical to the trap-
ping geometry such as hydrocarbon column height
and trap flank dip. The OOIP, productive area, and
resource density were also used as parameters for
benchmarking. Several key measures are used to char-
acterize the distribution and provide statistical con-
text to the position of the benchmarked prospects.
They include the mean, median, and probabilities of
exceedance of percentiles (P10, P50, and P90). By
studying the resulting analogue population, observa-
tions can then be made about the likely parameter
distribution, uncertainty, and ultimately, the poten-
tial of the identified prospect based on similar analo-
gues discovered elsewhere in the world.

RESULTS

Prospect A: Cretaceous Turbidite Reservoir
Play

Benchmarking results are presented in terms of the
relation of the benchmarked parameter from prospect
A relative to the distribution from analogous reser-
voirs, expressed as a percentile (Table 4). Minimum
and maximum values for the analogue data set are
given, along with the geometric mean.

A convenient way to understand the full range
of uncertainty for the studied parameters is to exam-
ine where the prospect falls in the statistical distri-
bution of selected analogues (percentile). Otis and
Schneidermann (1997) and Otis and Haryott (2010)
described a methodology to determine an appropri-
ate P10/P90 (P10-P90 ratio) for parameter distribu-
tions as a guideline in quantifying uncertainty. If a

732 Geohorizon

P-value for a given parameter for the prospect is at an
extreme of the distribution (less than the P90 or
greater than the P10), then this can be considered
unlikely as it is rarely observed amongst the analogue
population and it is therefore prudent to test the
validity of assumptions for that parameter value.

The values from prospect A for trap flank dip,
API gravity, and FVF are at the 84th, 50th, and 30th
percentile, respectively. Benchmarking in this case
indicates that these are reasonable assumptions given
the limited knowledge about the petroleum system.

Matrix porosity for prospect A is interpreted by
the ANCAP as 12.5%, where matrix porosity is
defined as the P50 value for porosity at the burial
depth of the reservoir using porosity—depth relation-
ships for sandstone reservoirs (Ehrenberg and
Nadeau, 2005; Rodriguez et al., 2019). Based on the
analogue population, the matrix porosity value for
prospect A (12.5%) is at the 100th percentile, mean-
ing all analogue reservoirs exceed this value. Based on
empirical burial-depth trends alone, a case can be
made that the interpretation of porosity is underesti-
mated in prospect A because empirical burial-depth
trends do not account for situations of overpressure
in reservoirs (Figure 7A). Unless there are specific
reasons to expect a degradation of the intrinsic depo-
sitional porosity of the reservoir and combined with
the possibility of overpressure in prospect A, it would
be reasonable to assume a higher porosity, or at least
a wider possible porosity range, for prospect A that
more closely follows the analogue porosity distribu-
tion trend in Figure 7A.

The productive area of prospect A was mapped
from seismic data as the maximum possible closure
(Gristo et al., 2021). Based on both the productive
areas and OOIP of samples in the analogue popula-
tion, prospect A lies at the 3rd percentile, and
indicates that the productive area is potentially over-
estimated. It is likely, based on these data, that the
true productive area is therefore smaller, and caution
should be applied in determining productive area
(and OOIP) primarily from seismic data.

Further consideration to the relationship between
hydrocarbon column height and trap flank dip is given
in Figure 7B. Based on the trends observed in analo-
gues, careful thought should be given to the most
likely hydrocarbon column height for prospect A.
The modeled height (480 m) sits close to the P10

from analogues; however, analogue benchmarking
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Table 4. Key Numeric Parameter Values for Prospect A and the Probabilistic Distribution of Parameters from the Population of Analogue Reservoirs

P90-P10

Prospect A Prospect A Geometric

Number of
Analogues

Ratio

Min. P90 P50 P10 Max.

P-Value Mean

Value

Units

Parameter

Category

12.8

43 183 549 1215

24

166

480 13

31

Hydrocarbon column

Trap

height
Productive area

12.4

148,263

1000 2109 7059 26,087

7436

3
84
100

43,985

31

ac

Trap
Trap

20.0 10.0

10.0

2.8
28.0

1.0
19.0
20.0

0.3

3.0
26.0

31

Trap flank dip (average)
Matrix porosity (average)

API gravity (average)
Formation volume

1.7
2.0

33.0

32.0

13.0

12.5

32

%
APl
RB/STB

Reservoir
Fluid

40.0 49.0

30.0

29.0 19.0

50
30

30.0

32

1.5

1.80

1.64

1.29

1.05 1.10

1.32

1.38

19

Fluid

factor (average)

10,609 23.8

217

610 3018

127
36

32
16

582

6682

31

million bbl of oil
thousand bbl of oil/ac

Original oil in place
Resource density

Resource

5.1

184

64

152 21 73

27

Resource

Abbreviations: Max. = Maximum; Min. = Minimum; P10 = estimate exceeded with 10% probability; P50 = estimate exceeded with 50% probability; P90 = estimate exceeded with 90% probability; p-Value = statistic position of

benchmark target against probabilistic distribution of analogues; RB/STB = reservoir barrel/stock tank barrel.

suggests that this is not likely for a prospect with a
low trap flank dip (meaning the trap would be spread
over an anomalously large area compared to ana-
logues). This further reiterates that, based on ana-
logues, the overall trapping geometry is likely to be
smaller than currently modeled. This is likely to have
positive economic implications because any potential
development will be concentrated in a smaller area.

Both the trap tectonic setting and trapping mech-
anism of prospect A are compatible with those of
submarine-fan analogues. The most common tectonic
setting for the submarine-fan lateral depositional
pinchout trap development is passive margin, fol-
lowed by salt and sag (Figure 8A).

Prospect B: Cretaceous Shallow-Marine
Sandstone Pinchout Trap Play

Benchmarking results are presented in terms of the
relation of the benchmarked parameter from pros-
pect B relative to the distribution from analogous
reservoirs, expressed as a percentile (Table 5). From
these results, an initial observation can be made that
all eight parameters for prospect B fall within the
P90-P10 range of analogues and therefore suggest
that the interpretation and assumptions made for this
prospect are broadly reasonable. Porosity in prospect
B is defined as the P50 value at the burial depth of
the reservoir using porosity—depth relationships for
sandstone reservoirs (Ehrenberg and Nadeau, 2005;
Rodriguez et al., 2019). This results in a reasonable
assumption for porosity at the P62 of analogous
reservoirs (Table 5). Given the prospect’s trap flank
dip (1.3°), both the original hydrocarbon column
height and productive area are reasonable (Figure 9).

Despite the interpreted thick top seal for pros-
pect B, benchmarking by analogues suggests seal is
the critical risk for this prospect. Prospect B is inter-
preted to be a Late Cretaceous stratigraphic pinchout
trap sealed by transgressive Paleocene shales. During
the Late Cretaceous and Paleocene the Pelotas and
Punta del Este Basins were passive margin basins
with broadly quiescent tectonics. However, most
coastal, shallow-marine sandstone stratigraphic traps
occur in foreland basins since they require a reversal
of regional dip in response to thrust tectonic events
to create an effective updip seal (Figure 8B). In a pas-
sive margin, this situation typically does not exist
because uniform subsidence into the basin prevents
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Figure 7. Graphs showing data from submarine-fan stratigraphic trap analogues and prospect A. (A) Burial-depth relationship for analo-
gous reservoirs with normal pressure gradient (overpressured analogues include Mars, Who Dat, Pompano, and Ram-Powell fields in
United States and Erha field in Nigeria). (B) Hydrocarbon column height versus trap flank dip. Boundary lines are projected on the same
plane as the trend line based on the furthest minimum and maximum analogue outliers. Prospect A lies above the maximum analogue
boundary line. k = thousand; R? = coefficient of determination; TVDML = true vertical depth below mudline.

the inversion necessary to generate stratigraphic traps.
Stratigraphic traps in passive margin settings for this
play concept occur much less frequently (Figure 8B),
with only four analogous examples in the data set
(Stag field, Australia, and Delhi, East Texas, and
Kurten fields, United States). These fields require
combination trapping with either a structural compo-
nent (e.g., Stag field) or regional truncation of strata
(e.g., Delhi, East Texas, and Kurten fields). These
analogous fields from diverse geographic settings can
provide insight into successful trapping configurations
in similar structural and stratigraphic settings.

For instance, within the Pelotas and Punta del Este
Basins, the Cretaceous sedimentary sequence can be
observed on seismic data to pinch out in a shoreward
direction against the Polonio high uplift (Figures 1, 5).

736 Geohorizon

Evidence of channel incision and erosion of underlying
strata also exists (Creaser et al., 2017; Steventon et al.,
2019). In addition, the Cretaceous-Paleogene bound-
ary in the offshore basins of Uruguay is characterized
by an important unconformity, with the depocen-
ter relocating to deep water in the Pelotas Basin
(Morales et al., 2017b). These pieces of evidence
give confidence that, despite the less frequent occur-
rence of these types of stratigraphic traps in passive
margin settings, the appropriate conditions exist such
that the occurrence for prospect B can be considered
likely.

This interpretation is supported by data from
analogues (for example, the four analogous passive-
margin fields identified in Figure 8B). In East Texas
field (OOIP of 6 billion bbl of oil), for example,
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Figure 8. Histogram depicting the frequency of occurrence for trap tectonic setting. (A) Prospect A is dominated by passive margin, salt,

and sag. (B) Prospect B is dominated by foreland basin analogues.

subunconformity truncation trapping is analogous to
the trapping mechanism postulated for prospect B in
both character and geometry. East Texas field is
therefore a case study in the potential trapping mech-
anism for prospect B. Hydrocarbons in the East
Texas field are contained in a subunconformity trap
along the partly eroded edge of the middle-Upper
Cenomanian Woodbine Group situated on the
homoclinal west flank of the Sabine uplift. The
Woodbine Group sandstones were deposited on an
eroded surface of the Lower Cenomanian Buda For-
mation of the Washita Group, the erosion resulting
from an initial rise of the Sabine uplift. The relative
rise of the Sabine high was probably gradual and con-
tinuous during the period of Woodbine deposition
(Ambrose et al., 2009), but a discrete second episode
of uplift removed the Woodbine Group from the
upper reaches of the high (Halbouty and Halbouty,
1982). A third episode, dating to the period between
the deposition of the Turonian Eagle Ford Group
and the Coniacian—Santonian Austin Group, created
the unconformity trap for the East Texas field. Along
this regional unconformity, progressing eastward
from the axis of the East Texas Basin, the Eagle Ford

Group is removed by erosion up to the western limit
of the East Texas field, with the Woodbine Group
sands increasingly eroded eastward from top to bot-
tom so that their complete disappearance defines the
eastern limit of the field.

The sequence of deposition and repeated erosion
and tectonic inversion at the East Texas field gave rise
to the specific conditions within which a subuncon-
formity truncation trap could exist. Similar conditions
in the Pelotas and Punta del Este Basins, including
pinch out against the Polonio High and later inversion
during the latest Cretaceous—Paleogene, indicate that
there is potential for these trapping mechanisms to
exist offshore Uruguay via a similar genesis.

DISCUSSION

Examination of prospect A and prospect B, taken as
“type” examples of prospects within their respective
plays, against a carefully selected analogue popula-
tion based on strict geological criteria and analyzed
using an objective workflow, can serve to reduce risk
and constrain uncertainty prior to obtaining direct
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Table 5. Key Numeric Parameter Values for Prospect B and the Probabilistic Distribution of Parameters from the Population of Analogue Reservoirs

738

P90-P10

Number of Prospect B Prospect B Geometric

Ratio
243
106.1

518

P90 P50 P10 Max.
20 20 72 485
662 1596 19,768 169,400 628,000

0.1

P-Value Mean Min.
145 26 74
86,487 18 21,248

Value

Analogues
18
32

Units
m
ac

Parameter
Hydrocarbon column height

Productive area

Category

Trap
Trap
Trap

Geohorizon

6.2
3.0

22

4.0
35.0

0.8 1.8
30.0

225

1.3 23 0.7 0.3

19.0

31

Trap flank dip (average)

10.0

8.0
12.0

19.0
31.0

62

33
33

Matrix porosity (average)

API gravity (average)
Formation volume

Reservoir
Fluid

36.0 42.0 44.0

19.0

59
19

30.0

API
RB/STB

1.23 1.40 1.96 1.3

1.05

1.00

1.22

1.31

Fluid

factor (average)

Resource  Original oil in place
Resource Resource density

4546 15,500 126.3

36 279

3580 12 283 17
23

32
29

million bbl of oil
thousand bbl of oil/ac

125 18.5

61

12

13

41

Abbreviations: Max. = Maximum; Min. = Minimum; P10 = estimate exceeded with 10% probability; P50 = estimate exceeded with 50% probability; P90 = estimate exceeded with 90% probability; p-Value = statistic position of

benchmark target against probabilistic distribution of analogues; RB/STB = reservoir barrel/stock tank barrel.

measurement data on these plays through the drilling
of wells. As previously stated, if the proposed para-
meters for a prospect are beyond the range of similar
prospects worldwide, then doubt should form as to
the likelihood of the assessment being accurate.

The source petroleum system element is perhaps
the most challenging to benchmark due to the uncer-
tainty inherent in determining viable sourcing for a
play prior to exploration drilling. Global and regional
analogues can help, however, even in the absence of
well data in the target basin (Eastwell et al., 2018).
Evidence from conjugate passive margins, separated
by plate tectonics, but sharing similar stratigraphy, is
a key source of analogue information. For instance,
on the conjugate margin to the Pelotas and Punta
del Este Basins, recent work has determined that
Aptian source rocks are regionally extensive from
the Luderitz and Walvis Basins in Namibia to the
southern margin of the Orange Basin in South
Africa. The Aptian source rock is interpreted as
ubiquitously present, but with varying thickness in
these basins. For instance, two main depocenters
have been mapped in the Walvis Basin, divided by a
northwest-southeast-trending outer high basement
ridge (Intawong and Hodgson, 2017).

These basins, like the Pelotas and Punta del Este
Basins on the other side of the Atlantic, have a rifted
crustal architecture that becomes increasingly magma
rich (evidenced by SDRs) toward the distal areas of
the basin. The SDRs in these basins were erupted as
the Atlantic opened and formed an outer, high feature
before turning into true oceanic crust (Paton et al.,
2017; Reuber et al., 2019). The Aptian source depos-
ited on either side of this high is noted by workers as
possessing a distinct seismic response—a soft top asso-
ciated with a decrease in acoustic impedance and a
hard base with a low frequency character, characteris-
tic of a type IV amplitude versus offset anomaly (Davi-
son et al., 2018; Eastwell et al., 2018; Hodgson et al.,
2021). Further, recent data from the Graff-1 well, off-
shore southern Namibia, confirmed the presence of a
working petroleum system in the Orange Basin, in a
slope channel system with a stratigraphic trap (Blake-
ley, 2022; Van Der Spuy and Sayidini, 2022).

Global analogues, although not directly compara-
ble for source presence or quality, can augment the
data from the conjugate margin and provide valuable
insight into the potential to charge similar trapping
configurations. For instance, one of the passive-
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Figure 9. Hydrocarbon column height versus trap flank dip crossplot for the shallow-marine sandstone stratigraphic trap analogues.
Prospect B follows the trend line. Blue circles indicate parameter values from analogue reservoirs. R = coefficient of determination.

margin analogues identified for prospect B, Stag
field (Figure 8B) has no mature source rocks in the
immediate vicinity of the field, suggesting hydrocar-
bons have migrated laterally and updip, in several
phases, from a source kitchen in the adjacent Lewis
trough (Crowley and Collins, 1996). Similarly, the
other three passive margin analogues identified in
Figure 8B—that are the only successful examples of
this trapping style in passive margins within the data
set—all indicate that a lateral migration component
was a key factor in charging these fields. Delhi field
has no mature hydrocarbon source rocks in the imme-
diate vicinity of the field, and it has been proposed
that migration was mostly updip from more deeply
buried shales, with lateral migration also probable
(Sassen, 1990). In the East Texas field, peak oil gener-
ation occurred in the Eocene, with oil migrating
northward along the Harris Sandstone member of the
Eagle Ford Group that forms a continuous sandstone
conduit connecting the Eagle Ford source kitchen and
the East Texas field (Phillips and Swift, 1985). The
Kurten field is also considered to have an Eagle Ford
source and is immediately updip of the limit of the
Eagle Ford source rock oil window, implying a lateral
charge component (Phillips and Swift, 1985).

The use of regional analogues from the conjugate
margin combined with evidence from global analogues
that suggests lateral migration is a common process
by which to charge stratigraphic pinchout traps
(in the case of prospect B) can give confidence in
assessing the risk associated with the source petro-
leum system element and be used to constrain uncer-
tainty for future identified prospects within this play.

Global analogues also provide valuable insight
for the other petroleum system elements, reservoir,

seal, and trap, and these can be used to inform on risk
and uncertainty, both for individual prospects and at
the play level. For the studied parameters in prospect
A, several are close to or below the P10: hydrocarbon
column height, productive area, and OOIP (Table 4).
This indicates that the closure is larger than most
analogues, with a larger column height and conse-
quently, a large OOIP. A prospect with so large a col-
umn height and area should however be treated with
caution since it could indicate there is a greater seal
risk (potential for breaches over a large area). For the
studied parameters in prospect B, few are at or close
to an extreme P-value (greater than the P10 or lower
than the P90), suggesting that the interpretation and
assumptions made for this prospect are reasonable.
The interpreted porosity, trap flank dip, original
hydrocarbon column height, and productive area are
reasonable given the range suggested by analogues,
and all fall comfortably within the analogue distribu-
tion. As with prospect A, OOIP is at the higher end
of the distribution, and given the otherwise reason-
able parameters for reservoir and trap, caution should
be taken in assuming a high OOIP without a justifi-
able rationale for the assumptions inherent to the
interpretation.

During exploration, a primary purpose of bench-
marking a concept or prospect is to prompt a rigorous
and holistic questioning of a priori and empirical
assumptions. The trends observed in the analogue
data set, although not a guarantee of future perfor-
mance for a given prospect, represent an opportunity
to understand the probability distribution of equiva-
lent fields. When systematically chosen analogues are
used in addition to the primary data available, they
serve to constrain the realm of the possible and to
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generate insight that is otherwise not available from
either local data alone or the prior experience of
interpreters. Objective analogue benchmarking has
been used here to help calibrate risk and uncertainty,
aiding future explorers in the efficient development
of hydrocarbon resources.

CONCLUSIONS

This study uses minimal prior information, eight pa-
rameters derived from indirect information, to place
into context the exploration potential for two pro-
spects without well information in the Pelotas and
Punta del Este Basins, offshore Uruguay. Prospects A
and B were benchmarked using filters that restricted
analogues to similar hydrocarbon type, reservoir age,
depositional environments, and trapping mechan-
isms. By studying the resulting analogue population,
assessments are made regarding the uncertainty and
potential of the prospects based on similar analogues
discovered elsewhere in the world.

Prospect A’s interpretation can be said to be on
the high side of the analogue distribution since both
the productive area and OOIP lie below the P10 of
those from analogues. Hydrocarbon column height
also lies above the maximum analogue boundary line
for its low trap flank dip. Future work could be con-
ducted, such as detailed seismic mapping, to define
closure and therefore maximum possible column
height and area to further constrain the potential of
this prospect or justify the current interpretation on
the high side of the analogue distribution.

The interpreted parameters for prospect B can be
said to be reasonable, in that all the studied eight para-
meters are within the P90-P10 of the analogue popu-
lation for a given parameter. Significant uncertainty in
seal integrity exists for this prospect as currently
defined. However, detailed analysis of the context of
the play and prospect based on seismic geometry sug-
gests that the appropriate conditions exist such that
the occurrence for prospect B can be considered
likely. Details from four geographically remote but
geologically similar traps demonstrates the utility of
appropriate analogue benchmarking through the illus-
tration of three discrete trapping mechanisms in geo-
logically similar settings that are demonstrably capable
of trapping commercially significant volumes of
hydrocarbons. Future work should focus on isolating
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the specific trapping conditions related to prospect B
in the context of these direct analogues to reduce
the uncertainty currently present in the prospect’s
definition.
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