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Introduction

The U.S. Geological Survey (USGS) assessed potential 
volumes of undiscovered, technically recoverable conventional 
oil and gas resources in the Larsen Basin, Antarctica (fig. 1). 
The Larsen Basin is generally defined as the depositional area 
along the eastern margin of the northern part of the Antarctic 
Peninsula and is bounded to the north by 
Joinville Island, to the south by the Hollick-​
Kenyon Peninsula, to the east by the 
3,000-​meter Weddell Sea depth contour, and 
to the west by the faulted eastern margin 
of the Antarctic Peninsula (Macdonald 
and others, 1988; Valle and others, 1992; 
Sloan and others, 1995).

The Larsen Basin developed during 
the complex fragmentation of southern 
Gondwana beginning in the early Mesozoic 
(Storey and Nell, 1988; Whitham and Doyle, 
1989; Sloan and others, 1995; Storey and 
others, 1996; Hathway, 2000; Valle and Miller, 
2001; Poblete and others, 2016; Jordan and 
others, 2020; Reguero and Goin, 2021). In the 
Late Triassic to Early Jurassic, thermal doming 
associated with a mantle plume resulted in 
regional west-​to-​east-​trending rift basins that 
were largely filled with nonmarine synrift 
sediments. Middle Jurassic plume-​sourced 
volcanic rocks were deposited in the rifts, 
similar to the volcanic rocks of the Tobífera 
Series in the then-​adjacent Magallanes Basin 
in Patagonia (Farquharson, 1982; Jordan and 
others, 2020; Valle and others, 2024). Oblique 
southeast-​directed subduction of proto-​Pacific 
oceanic crust beneath western Antarctica set up 
a regional strike-​slip fault system that resulted 
in the separation of eastern and western 
Antarctica, and in the differential movement 
of the mosaic of terranes that formed western 
Antarctica (Storey and Nell, 1988). As the 
terranes of western Antarctica separated, the 
evolving magmatic arc running the length 
of the Antarctic Peninsula placed the Larsen 
Basin in a backarc passive margin location. 
Late Triassic to Early Jurassic extension in the 

Larsen Basin may have been augmented by subduction rollback 
and the opening of the Weddell Sea in the Early Cretaceous 
(König and Jokat, 2006). Postrift thermal subsidence along the 
passive margin during the Late Jurassic to Early Cretaceous 
resulted in a regional transgression and deposition of nearshore 
marine sandstones of the Cape Framnes beds of the Gustav Group 
(Valle and Miller, 2001). 
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Figure 1.  Map showing the location of one conventional assessment unit (AU) in the 
Larsen Basin, Antarctica.

Using a geology-​based assessment methodology, the U.S. Geological Survey estimated undiscovered, technically recoverable 
mean conventional resources of 269 million barrels of oil and 14.3 trillion cubic feet of gas in the Larsen Basin, Antarctica.



The sandstones were succeeded by deep-​water organic-​rich 
mudstones of the Nordenskjöld Formation, similar to the 
transgressive sandstones of the Springhill Formation and organic-​
rich mudstones of the Rio Mayer Formation of the Magallanes 
Basin. From the Barremian to the Coniacian, conglomerates and 
sandstones derived from the Antarctic Peninsula magmatic arc 
bypassed the narrow-​faulted shelf margin and were deposited 
in deep-​water slope-​channel, slope-​apron, and basin-​floor fan 
systems, forming potential reservoir rocks. The conglomerates 
and sandstones were encased in sealing mudstones and were in 
proximity to Nordenskjöld Formation source rocks. Arc uplift, 
possibly related to a change in the rate of proto-​Pacific subduction, 
led to shallowing of the Larsen Basin from the Coniacian to the 
Eocene and to the progradation of multiple sequences of deltaic 
and nearshore marine sandstones of the Marambio Group and 
Seymour Island Group. Ridge subduction in the Eocene largely 
stopped subduction along much of the western margin of the 
Antarctic Peninsula, and erosion occurred throughout the region 
during the Neogene.

Total Petroleum System and Assessment Unit

The USGS defined the Mesozoic Composite Total 
Petroleum System in the Larsen Basin on the basis of published 
geochemical data. The most viable petroleum source rocks, 
according to outcrop data, are organic-​bearing mudstones of 
the Kimmeridgian to Berriasian Nordenskjöld Formation (also 
known as the Ameghino Formation; Scasso and others, 1991), 
which crop out at several sites along the faulted western margin 
of the Larsen Basin (Macdonald and others, 1988; Whitham and 
Doyle, 1989; Scasso and others, 1991; Villar and others, 1993; 
Pirrie and Crame, 1995). Potential petroleum source rocks 
are radiolarian-​bearing, siliceous, laminated, organic-​bearing 
mudstones, interspersed with thin (less than 15 centimeters thick), 
light-​colored, normally graded tuffaceous sandstone beds. The 
Nordenskjöld Formation mudstones contain Type II marine organic 
matter and minor Type III terrestrial organic matter, have total 
organic carbon (TOC) values as much as 3.5 weight percent, and 
have hydrogen index (HI) values as much as 300 milligrams of 
hydrocarbon per gram of TOC. The TOC and HI values may reflect 
a low level of thermal maturation of these rocks, which may have 
reduced the TOC and HI from original values. The gross thickness 
of Nordenskjöld Formation mudstones is unknown but is cited as 
a minimum of 550 meters (Macdonald and others, 1988) because 
the lower and upper contacts are not exposed. The proximal part of 
the Nordenskjöld Formation was subsequently deformed along the 

active faulted basin margin, resulting in eastward transport of slide 
blocks, clasts, and breccias of the sediments of the Nordenskjöld 
Formation, which were redeposited into Lower Cretaceous 
sediments (Ineson, 1989).

The USGS defined the Larsen Basin Reservoirs Assessment 
Unit (AU), which encompasses the entire Larsen Basin. 
The assumption in this study is that the Nordenskjöld Formation 
source rocks are present throughout the Larsen Basin, as assumed 
by Macdonald and others (1988). There are no exploration wells 
within the AU, so the geologic model for the assessment depends 
upon data from exposures along the eastern faulted margin of the 
Antarctic Peninsula (Macdonald and others, 1988). The geologic 
model for this assessment is for oil and gas generated from 
distal organic-​rich Nordenskjöld Formation source rocks to have 
migrated into Lower Cretaceous deep-​marine slope-​channel, 
slope-​apron, and basin-​floor conglomerates and sandstones, and 
possibly into Upper Cretaceous deltaic to nearshore marine and 
shelf sandstone reservoirs. Trapping of oil in the deep-​marine 
reservoirs is mainly stratigraphic because the conglomerates 
and sandstones are encased and sealed by mudstones. Reservoir 
quality may be degraded by the presence of labile volcanic rock 
fragments. Structural trapping is possible because of drapes over 
extensional structures and inversion structures that developed in 
the Late Cretaceous (Macdonald and others, 1988; Macdonald and 
Butterworth, 1990).

A one-​dimensional burial-​history model of a pseudowell was 
constructed for this study to gain insight into the thermal evolution 
of the Nordenskjöld Formation source rocks using the stratigraphy, 
lithologies, thickness, and age data from Macdonald and others 
(1988). The model results indicate that the Nordenskjöld Formation 
mudstones reached the level for thermal oil generation in the Early 
Cretaceous and thermogenic gas generation in the Late Cretaceous, 
but there is uncertainty in these results. As emphasized by 
Macdonald and others (1988), the geologic input data for a burial-​
history model in the Larsen Basin are uncertain, and in this study, 
model results reflect only a general indication of the level and 
extent of thermal maturity. Given that reasonable geologic input 
was used in the model, the results indicate that there are more 
potential gas resources than oil resources. Geologic risk was 
applied to the charge element of the total petroleum system, 
indicating that there is a 10-​percent chance for the source rocks 
to be inadequate to produce an oil or gas accumulation of 
minimum size (5 million barrels of oil; 30 billion cubic feet) in 
the Larsen Basin. The assessment input data for the Larsen Basin 
Reservoirs AU are summarized in table 1 and Schenk (2026).

Table 1.  Key input data for one conventional assessment unit in the Larsen Basin, Antarctica.

[Gray shading indicates not applicable. AU, assessment unit; MMBO, million barrels of oil; BCFG, billion cubic feet of gas]

Assessment input data—Conventional AU
Larsen Basin Reservoirs AU

Minimum Median Maximum Calculated mean

Number of oil fields 1 20 80 22.1
Number of gas fields 1 50 200 55.1
Size of oil fields (MMBO) 5 8 300 13.6
Size of gas fields (BCFG) 30 48 30,000 272.6
AU probability 0.9



Undiscovered Resources Summary

The USGS quantitatively assessed undiscovered 
conventional oil, gas, and natural gas liquid resources in the 
Larsen Basin, Antarctica (table 2). The estimated mean resources 
are 269 million barrels of oil (MMBO), or 0.27 billion barrels of 

oil, with an F95 to F5 range from 0 to 591 MMBO; 14,257 billion 
cubic feet of gas (BCFG), or 14.3 trillion cubic feet of gas, with an 
F95 to F5 range from 0 to 37,804 BCFG; and 439 million barrels 
of natural gas liquids (MMBNGL), with an F95 to F5 range from 
0 to 1,160 MMBNGL.
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For More Information
Assessment results are also available at the USGS Energy Resources Program website, h​ttps://www​.usgs.gov/​programs/​

energy-​resources-​program.

Larsen Basin Assessment Team

Christopher J. Schenk, Tracey J. Mercier, Janet K. Pitman, Phuong A. Le, Andrea D. Cicero, Benjamin G. Johnson, 
Jenny H. Lagesse, and Heidi M. Leathers-​Miller

ISSN 2327-6932 (online)	 https://doi.org/10.3133/fs20263063

https://doi.org/10.5066/P14LT9DY
https://doi.org/10.1029/AR068p0059
https://doi.org/10.1144/gsjgs.145.2.0333
https://doi.org/10.1144/gsjgs.145.2.0333
https://doi.org/10.1144/GSL.SP.1996.108.01.07
https://doi.org/10.1144/GSL.SP.1996.108.01.07
https://doi.org/10.1017/S0954102092000695
https://doi.org/10.1017/S0954102001000244
https://doi.org/10.1016/j.jsames.2024.104812
https://doi.org/10.1016/j.jsames.2024.104812
https://doi.org/10.1016/0895-9811(89)90015-1
https://www.usgs.gov/programs/energy-resources-program
https://www.usgs.gov/programs/energy-resources-program
https://doi.org/10.3133/fs20263063

