
1.  Introduction
The origin of the Scotia Arc lies in the early stages of the fragmentation of the supercontinent Gondwana during 
the late Mesozoic (Dalziel et  al., 2013), which culminated in the separation between South America and the 
Antarctic Peninsula, thus opening the Drake Passage (P. F. Barker & Burrell, 1977). The South Orkney Micro-
continent (SOM) is the largest continental block in the South Scotia Arc, located between the Scotia and the 
Antarctic plates. Previous work has postulated the SOM to be the final continental link between the Antarctic 
Peninsula and South America (Lawver et al., 1985). Paleogeographic reconstructions place the SOM adjacent 
to the eastern Antarctic Peninsula and close to South America before the opening of the Scotia Arc and the 
Drake Passage (Dalziel et al., 2013; Eagles & Jokat, 2014; Livermore et al., 2005; van de Lagemaat et al., 2021). 
However, many uncertainties remain as to when and how the dispersion of the continental blocks occurred in the 
Scotia Arc (Riley et al., 2022). These uncertainties in turn, prevent accurate paleoceanographic reconstructions 
of the earliest connection between the Pacific and Atlantic Oceans and hinder confident understanding of the 
implications for global ocean circulation and climate.

Previous works carried out in the study area, although scarce, have defined the main structural characteristics 
of the SOM: (a) The geometry of the sedimentary basins of the SOM from geophysical data facilitated the 
recognition of two structural trends (i.e., a younger N-S overlying an older E-W trend) (King & Barker, 1988). 
(b) The continuity of a large amplitude magnetic anomaly belt—the Pacific Margin Anomaly (PMA)—along 
the dispersed continental fragments of the Scotia Arc, allowed the reconstruction of the former connection 
between the SOM and the Antarctic Peninsula (P.F. Barker & Griffiths, 1972; Eagles & Livermore, 2002; Garrett 
et al., 1986/87; Martos et al., 2014). (c) The crustal thickness below the SOM has been described as unusually 
thin as an expression of the extensional tectonic regime it has undergone (King & Barker, 1988). So far, those 
works have characterized these features separately resulting in a limited understanding of the origin and evolution 
of the SOM.
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The aim of this study is to improve the resolution of the aforementioned structural features of the SOM and to 
interrelate their geometries to reveal new insights into the tectonic processes operating during the different stages 
of the Scotia Arc formation, from the Mesozoic to the present. 3D modeling represents a powerful tool that facil-
itates the integration of different geological and geophysical datasets (Calcagno et al., 2008; Mallet, 2002; Wu 
et al., 2005) and allows to characterize large geological structures in data-poor regions such as Antarctica. We 
present the first 3D geophysical and geological model of the SOM and its surroundings by gravity and magnetic 
forward modeling and joint inversion. The model has been constrained by three main geological boundaries: 
the acoustic basement inferred from multichannel seismic reflection (MCS) profiles, the PMA source boundary 
and the Moho. The model resolves the complex geological structure of the SOM, including refinement of the 
geometry of the sedimentary basins, the magnetic source of the PMA and the variation of the crustal thickness, 
providing new insights into the tectonic evolution of the SOM.

2.  Geological Setting
The SOM is located in the southern branch of the Scotia Arc and is the largest continental block in the area (nearly 
70,000 km 2). At present, the SOM is integrated in the Antarctic plate and its northern margin constitutes an active 
segment of the boundary between the Scotia and Antarctic plates (Figure 1).

The tectonic evolution of the SOM since the Mesozoic has been inferred by the analysis of lineaments and brittle 
structures measured in rock outcrops in the South Orkney Islands, the only exposed part of the microcontinent 
(Maestro et al., 2013; Trouw et al., 1997). Trouw et al. (1997) established up to five phases of deformation. In 
the early Mesozoic (phases 1–3), the SOM was still attached to the Antarctic Peninsula and the deformation was 
north-south trending as a response to the subduction of the former Phoenix plate beneath the Gondwana margin 
(P.  F. Barker et  al.,  1991). During late Jurassic (Phase 4), the opening of the Rocas Verdes Basin (154  Ma) 
produced an important N-S crustal extension that has been related to the first stages of the Gondwanaland 
breakup (P. F. Barker et al., 1991). Simultaneously with the Rocas Verdes Basin opening, the Antarctic Penin-
sula started a rotation relative to East Antarctica. There is no consensus on the sense of rotation, since for some 
authors it is clockwise and for others counterclockwise (P. F. Barker & Dalziel, 1983; Dalziel, 1984; Eagles & 

Figure 1.  Tectonic setting of the Scotia Arc. Bathymetry from GEBCO 2020. BB, Bruce Bank; DB, Discovery Bank; DvB, 
Dove Basin; ESR, East Scotia Ridge; HB, Herdman Bank; JB, Jane Basin; PB, Powell Basin; PiB, Pirie Bank; PrB, Protector 
Basin; SB, Scan Basin; SOM, South Orkney Microcontinent; SShI, South Shetland Islands; SSI, South Sandwich Islands; 
SSR, South Scotia Ridge.
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Eisermann, 2020; van de Lagemaat et al., 2021). The Cenozoic history of the 
SOM produced a phase of brittle faults of horizontal extension (Phase 5) that 
has been related with opening of the Powell Basin and the development of the 
Scotia Arc (Trouw et al., 1997). The opening of the Scotia Arc after 50 Ma 
and consequently, the opening of the Drake Passage, caused the drift of the 
different continental blocks, including the SOM (Livermore et  al.,  2007). 
The current location of the SOM with respect to the Antarctic Peninsula is 
the result of the seafloor spreading in Powell Basin, dated between 29 and 
21 Ma according to Eagles and Livermore (2002) and between 38 and 29 Ma 
according to Schreider et al. (2022). Garret et al. (1986/87) proposed a 30° 
counterclockwise rotation to reconstruct the position of the SOM to when it 
was attached to the Antarctic Peninsula. Another approach to the reconstruc-
tion of the former connection between the SOM and the Antarctic Peninsula 
was performed by Eagles and Livermore  (2002) by applying palinspastic 
adjustments to the shape of the SOM guided by the gravity signals of the 
Newton, Airy, Bouguer, and Eötvös Basins.

As a consequence of the tectonic evolution in the area, the SOM presents 
four margins with distinctive morphologies, sediment distributions and 
different crustal structures (King & Barker, 1988). The northern margin of 
the SOM corresponds with a curved segment of the plate boundary between 
the Antarctic and the Scotia plates. Today, this plate boundary is a zone 
of sinistral transpression (Bohoyo et  al.,  2007; Civile et  al.,  2012), which 
concentrates the current seismic activity in the area (Figure 2). The western 
margin of the SOM represents a passive margin connected to the oceanic 
Powell Basin. Catalán et al. (2020) identified the ocean-continent boundary 
between Powell Basin and SOM describing a transition zone with extended 
and intruded continental crust between them (Figure 2). The southern and 
eastern margins are bounded by the oceanic Jane Basin. Seafloor magnetic 

anomalies indicates that the subduction of the Weddell Sea spreading center beneath the southeastern SOM could 
have caused the development of the Jane back-arc Basin between 17.6 and 14.4 Ma, after the end of the subduc-
tion of the Weddell Sea, tentatively dated at 20 Ma (Bohoyo et al., 2002).

The knowledge of the deep structure of the SOM is still limited. As a first approach to the deep crustal structure, 
Harrington et al. (1972) performed a N-S seismic refraction profile west of the South Orkney Islands with results 
limited to the upper layers. The considerable extension undergone by the SOM resulted in an unusually thin crust 
(King & Barker, 1988). This major extension is evidenced by the presence of NNW-SSE trending normal faults in 
the southern portion of the SOM that bound the basins located in the area (King & Barker, 1988). Different authors 
have modeled the crustal thickness: King and Barker  (1988) infer 21 km, Kavoun and Vinnikovskaya  (1994) 
between 14 and 26 km, and Busetti et al. (2000) model around 25 km. King and Barker (1988) computed simple 
isostatic gravity models across the SOM, resulting in most of the SOM considered to be in isostatic equilibrium 
except the northern margin. The positive isostatic anomaly in the northern SOM reflects an uplift of the area, 
most likely related to an active strike-slip movement along the northern margin (King & Barker, 1988). In terms 
of crustal composition, outcrops in South Orkney Islands indicate that the upper continental crust consists mainly 
of low-grade metamorphic rocks of Paleozoic to Cretaceous age, intruded by bodies of igneous rocks of Creta-
ceous age (Dalziel, 1984; King & Barker, 1988; Maestro et al., 2013; Rodriguez-Fernandez et al., 1997). Barber 
et al. (1991) dredged rock from around Powell Basin and the margins of the SOM and differentiated between two 
groups of samples. The first group, from the east and west margins of the SOM, was described as hydrothermally 
altered subalkaline basalts, radiometrically dated with ages between 70 and 85 Ma (stars in Figure 2). The second 
group corresponds to samples from the western margin of the Powell Basin, which include alkali basalts with 
ages between 47.7 and 49 Ma and Pliocene/Recent.

Throughout the Antarctic Peninsula, long wavelength, high-intensity magnetic anomalies have been described 
as the Pacific Margin Anomaly (PMA) or the West Coast Magnetic Anomaly (WCMA) (Garrett, 1990; Renner 
et  al.,  1982). Subsequent studies have shown the continuity of this belt in multiple continental fragments - 
including the SOM - which allows the reconstruction of the continental blocks position in the late Mesozoic 

Figure 2.  Geological setting of the SOM. Historical seismicity was extracted 
from the USGS earthquake catalog. Earthquake focal mechanisms after 
Bohoyo et al. (2007). Position of the sedimentary basins and structural 
basement highs after Busetti et al. (2000). Powell Basin crustal zones were 
differentiated in Catalán et al. (2020). Location of the Ocean Drilling Program 
(ODP) Sites 696 and 695 is also pointed. The location of dredged rocks around 
the SOM by Barber et al. (1991) is shown with stars.

 19449194, 2023, 4, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2022T

C
007602 by U

niversidad D
e G

ranada, W
iley O

nline L
ibrary on [29/05/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Tectonics

MORALES-OCAÑA ET AL.

10.1029/2022TC007602

4 of 20

(Martos et al., 2014). The source of this anomaly is likely the presence of linear batholiths of basic-intermediate 
composition, probably gabbro (Garrett et al., 1986/87), produced by the subduction of the Pacific margin below 
the Gondwana margin (Garrett & Storey, 1987; King & Barker, 1988; Suriñach et al., 1997). Large intrusive 
bodies with varying magnetic susceptibilities and thicknesses have been modeled to explain the PMA along the 
Antarctic Peninsula and the SOM. They are considered to have a maximum thickness between 11 km (Garrett 
et al., 1986/87, Martos et al., 2014) and 20 km (Harrington et al., 1972). Maximum magnetic susceptibilities used 
for modeling also vary in a wide range: from 0.006 to 0.8530 SI (Harrington et al., 1972; Martos et al., 2014). 
Below the SOM, it has been proposed that the source of the magnetic anomaly may have been alternative caused 
by intrusive bodies resulting from the subduction of the Weddell Sea beneath the microcontinent (Bohoyo 
et al., 2002).

The sedimentary basins in the SOM were first described by King and Barker (1988) using gravity anomalies that 
depict values below 40 mGal. However, the gravity data shown in that work did not cover the westernmost part 
of the SOM. Busetti et al. (2000) refined the position of these basins by analyzing seismic reflection data. The 
orientations of the basins coincide with two main structural domains: (a) An E-W orientated graben south of the 
islands, the so-called Newton Basin, filled with more than 4 km of sediments (Harrington et al., 1972) and associ-
ated with the Mesozoic forearc setting (King & Barker, 1988). (b) N-S orientated grabens, located in the southern 
part of the SOM, the Airy, Bouguer and Eötvös Basins. Their formation is associated with east-west extension 
related to the separation of the SOM from the Antarctic Peninsula (King & Barker, 1988). The sedimentary infill 
of the SOM basins has been targeted by the Ocean Drilling Program (ODP) Leg 113 (P. E. Barker et al., 1988) 
that recovered sediment cores at Sites 695 and 696 (Figure 2). Site 695 reached upper Miocene sediments, while 
Site 696 recovered sediments spanning from the Eocene to the Quaternary (P. E. Barker et al., 1988). Recovered 
sediment cores record the evolution of the SOM from when it was attached to the Antarctic Peninsula to its pres-
ent position. Before late Eocene (∼37.6–35.5 Ma), locally sourced terrigenous sediments recovered at Site 696 
are associated with the SOM still close to the Antarctic Peninsula (López-Quirós et al., 2021). The decrease in 
the input of these proximal sediments to the Site 696 is interpreted to indicate the separation between the SOM 
and the Antarctic Peninsula as a result of the proto-Powell Basin opening (López-Quirós et al., 2021). A terres-
trial cooling phase at the latest Eocene (35.5 Ma) is also linked to the opening of the Powell Basin (Thompson 
et al., 2022).

3.  Data and Methodology
This section describes the initial geophysical data used and the methodology leading to the construction of the 3D 
model validated by forward and joint inversion of gravity and magnetic data.

3.1.  Initial Data Set

Bathymetric data of the study area has been extracted from the GEBCO 2020 database (GEBCO Compilation 
Group, 2020), which includes the IBCSO database (Arndt et al., 2013), with a cell resolution of 500 m (Figure 3a). 
The bathymetry of the SOM ranges from <500 m below sea level (mbsl) in the northern and the western area, 
deepening to the SE where the platform reaches depths up to 1,500 mbsl. The South Orkney Islands emerge 
toward the NNW limit of the SOM. To the north, the edge of the microcontinent is marked by the Orkney Trench, 
which deepens to up to 5,500 mbsl, along the South Scotia Ridge (SSR). The other margins show smoother 
slopes, reaching 3,000 mbsl. The 2,000 mbsl isobath (Figure 3a) has been considered to be representative of the 
continental area of the SOM, and has therefore been used as a visual reference in the figures throughout the work.

Multichannel seismic reflection (MCS) profiles cover most of the SOM (Figure 3a). The Seismic Data Library 
System (SDLS) provides an open database including profiles carried out by the Italian National Institute of 
Oceanography (OGS, 1989 and 1991), the Russian Polar Marine Geosurvey Expedition (PMGE, 1994), the Brit-
ish Antarctic Survey (BAS, 1985) and the Antarctic Spanish program (SCAN, 2001 and 2004). SDLS profiles 
were complemented by recently obtained MCS data collected by the Antarctic Spanish Program during the 
POWELL2020 cruise. The penetration of the MCS ranges from 4 to 8 s in TWTT (two-way travel time), allowing 
to image the acoustic basement in most cases.

The global GEMMA earth crustal model (Reguzzoni & Sampietro, 2015) offers a first approximation to the 
Moho depth in the area (Figure 5c). This model is calculated from GOCE satellite gravity data that provides a 
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global estimation of the mean Moho depth with a resolution of 0.5°. The GEMMA model shows a maximum 
Moho depth of 32.5 km under the central south area of the SOM and thins toward the edges of the SOM, reaching 
depths between 20 and 25 km. Below the oceanic crust of the Powell, Jane, Protector and Dove Basins, the Moho 
is modeled at depths between 11 and 15 km. GEMMA model describes a significantly deeper Moho than modeled 
in previously published work (Busetti et al., 2000; Kavoun & Vinnikovskaya, 1994; King & Barker, 1988).

The gravity anomaly data (Figure 3c) used for modeling were compiled from the global marine gravity data-
base from Sandwell et  al.  (2014), and represents a free-air gravity data set with 1-min grid resolution. This 
global marine gravity model achieves twice the accuracy of previous models by enhancing existing data with 
new radar altimeter measurements from the CryoSat-2 and Jason-1 satellites (Sandwell et al., 2014; Smith & 
Sandwell, 1997). Gravity free-air anomaly values range from −230 to +240 mGal. A continuous east-west band 

Figure 3.  Initial data set used: (a) GEBCO bathymetry (GEBCO Compilation Group, 2020) with SDLS and POWELL2020 
MCS profiles. (b) WDMAM total magnetic anomaly map with contour lines every 50 nT (Lesur et al., 2016). (c) Free-air 
gravity anomaly map with contour lines every 15 mGal (Sandwell et al., 2014). (d) Calculated complete Bouguer gravity 
anomaly map with contour lines every 15 mGal. The 2,000 m isobath is highlighted as a visual reference. The sedimentary 
basins are named by their acronyms: NB, Newton Basin; AB, Airy Basin; BB, Bouguer Basin; EB, Eötvös Basin.
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of negative anomalies at the north of the SOM, from −80 to −230 mGal, coincides with the Orkney Trench. 
The highest positive anomaly values ranging from 150 to 240 mGal, are found in the north of the SOM, where 
the South Orkney Islands are located. In the inner part of the SOM, free-air anomaly values ranging between 
15 and 50 mGal, ∼40 mGal below the adjacent areas, can be highlighted (Figure 3c) related to the sedimentary 
basins (Busetti et  al.,  2000; King & Barker,  1988). In addition, we calculated the complete Bouguer gravity 
anomaly (Figure 3d) form the free-air gravity data set. For Bouguer plate correction we used a Bouguer density 
of 1.64  (2.67 gr/cm 3 as the mean crustal density and 1.03 g/cm 3 as water density). For terrain correction we 
used the bathymetry of Dickens et al. (2014) for local correction, which improves the resolution to 300 m on the 
continental shelf, and GEBCO for regional correction. The complete Bouguer gravity data allow to distinguish 
more clearly the position of the sedimentary basins and the boundary between the continental crust of the SOM 
and the adjacent oceanic crust.

Magnetic data were extracted from the World Digital Magnetic Anomaly Map (WDMAM) (Figure 3b), a global 
near-surface magnetic data compilation grid with a cell size resolution of 5 km (Lesur et al., 2016). The WDMAM 
database is composed of marine and terrestrial data. The data used in this work are mainly marine and therefore 
referenced to sea level. A band of positive magnetic anomalies is observed in the SSW-NNE direction over the 
SOM, reaching +700 nT in the center of the SOM. This band depicts continuously over most of the microconti-
nent, showing a discontinuity over the Bouguer sedimentary basin, where a relative minimum is observed.

3.2.  Modeling

The building of a robust 3D geologic model of the SOM based only on the available data is not feasible due to their 
scarcity. Therefore, we choose three main geological boundaries as initial constraints to reduce the multiplicity of 
the modeling results: (a) the acoustic basement depth, (b) the PMA source boundary, and (c) the Moho. The estima-
tion of these boundaries deduced from geophysical data, together with the bathymetry, have been used as constraints 
for 2D geological models, which in turn are the basis for the construction of the 3D model. The 3D geological 
model of the SOM has been improved and validated by forward modeling and joint inversion of potential fields.

3.2.1.  Identification of the Main Geological Boundaries as Initial Constraints

As a first approach to the boundary between the sedimentary infill and the continental basement of the SOM, we 
mapped the acoustic basement from MCS profiles. The acoustic basement was manually identified and picked 
in the KINGDOM Suite software along each MCS profile (Figure  3a). The resulting depth grid (Figure  5a) 
is achieved through a double time-to-depth conversion, assigning velocities of 1,460 and 2,200  m/s (King 
et al., 1997) to the water and sediment layers, respectively.

The analytic signal (AS) has proven to be an effective tool for locating geological boundaries of the magnetic 
source bodies (Dentith & Mudge, 2014; Doo et al., 2009). The AS is defined as the square root of the sum of 
squares of the data derivatives in the x, y, and z directions (Roest & Pilkington, 1993; Roest et al., 1992). In 
this  study, we calculate the AS from the WDMAM magnetic anomaly data using the GRIDASIG GX module of 
the Oasis Montaj software in order to locate the edges of the PMA source (Figure 5b).

The global GEMMA model (Reguzzoni & Sampietro, 2015) is a useful first reference model for crustal thickness 
variation (Figure 5c). However, the Moho depth below the SOM extracted from this model seems to be overestimated 
compared to the results previously described in the literature (Kavoun & Vinnikovskaya, 1994; King & Barker, 1988; 
Trouw et al., 1997). As a second approach, we have calculated the depth of the Moho below the SOM under isostatic 
equilibrium conditions (Figure 5d). We assess the theoretical isostatic root using the AIRYROOT GX module of 
Oasis Montaj based on the USGS algorithm by Simpson et al. (1983). This program calculates a Moho depth -the 
root-using the bathymetric grid, a crust-mantle density contrast and a compensation depth. We use the density 
contrast calculated from the difference between estimated densities of the mantle (3.3 g/cm 3) and the crust (2.67 g/
cm 3): 0.63 g/cm 3. The compensation depth has been assumed at 27 km, as the thickness of the continental crust has 
been described in previous works to be no more than 26 km (see Section 2). For our study, we consider only the 
results in areas below the SOM since the values used for its calculation were based on continental crust (Figure 5d).

3.2.2.  2D Geophysical Modeling

The GM-SYS software (Gemperle et al., 1991), implemented in the Geosoft Oasis Montaj software, allows the 
building of 2¾-D models. The modeling takes into account the influence of adjacent bodies orthogonal to the 
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profile for a defined extent (Northwest Geophysical Associates, 2004). For ease of reading, we refer to the models 
simply as 2D. We carried out 2D models of potential field data in order to locate the geological units of the SOM 
in depth. The main challenge in potential field modeling is that multiple sources with varying geometry and prop-
erties can fit the observed anomalies equally well. Due to the high reliability of the MCS data, 2D gravity models 
were fitted along 15 selected nearly rectilinear seismic profiles (blue lines in Figure 4a). To avoid edge effects, 
the profiles were extended to the limits of the selected study area. During 2D modeling, bathymetry was imported 
as a fixed surface. The calculated depth of the acoustic basement was considered a reliable surface in the areas 
with good quality of the MCS profiles (i.e., the Bouguer and Eötvös Basins mainly) (dotted line in Figure 5e). 
In the remaining modeled area, the acoustic basement was considered as a tentative input data. The Moho depth 
-isostatic and GEMMA- and the extent of the magnetic bodies were considered as guiding initial data. Once 
the gravity anomaly has been fitted along all selected seismic profiles, the gravity and magnetic anomalies are 
simultaneously fitted along five profiles (red lines in Figure 4a) perpendicular to the dipole (Figure 3b). In the 
case of magnetic anomalies, we only assign a magnetic susceptibility value to the batholith in order to adjust 
the  low frequency anomalies. This allows to improve the geometry of the intrusive igneous rock body that cause 
the PMA. The aim of the modeling along the 2D profiles was to provide simple input surfaces for the 3D model, 
which resulted in a poorer fit of the anomalies.

3.2.3.  3D Geological Model: Geophysical Forward Modeling and Joint-Inversion

To define the geological structure of the SOM, we transfer the geological contacts from the 2D models to the 
corresponding vertical sections in Geomodeler software (Intrepid Geophysics) (Figure 4b). The 3D model extent 
is 440 km in the E-W direction, 410 km in the N-S direction and 40 km deep. Geomodeler builds the model using 
the principles of potential-field interpolation method (Calcagno et al., 2008; Lajaunie et al., 1997). Due to the 

Figure 4.  (a) Location of 2D models. In blue, the position of the gravity anomaly models, which correspond to the location of the dense network of MCS profiles 
extended to the limits of the modeling area. In red, the position of the profiles where simultaneous gravity and magnetic anomaly modeling has been performed. (b) 
Summary of the workflow followed for the modeling. Initial constraints were considered during 2D and 3D modeling.
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Figure 5.
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irregular distribution of the 2D models (see Figure 4a), the first 3D model portrayed many inconsistencies. To 
solve this, we created an additional grid composed of evenly spaced N-S and E-W vertical sections (Figure 4b), 
where the structures were projected to ease the modification of the interfaces of the lithological units. The inter-
polation of all imported data constitutes our initial 3D geological model, the “a priori” 3D model (Figure 4b).

Geophysical forward modeling and inversion were implemented to refine the “a priori” 3D model. Forward 
modeling computes the gravity and magnetic response taking into account uniform petrophysical properties 
values. Joint inversion discretizes the geological model into a 3D matrix of voxels. In this study, voxels have an 
extension of 10 km in xy directions. In the z-direction, the software allows to define a voxel geometry in which the 
cell size can vary with depth. The cell size in z-direction has a fixed value above a certain boundary. Below this 
boundary, the cell size increase by a defined factor. In this case, we set a cell size of 200 m from the sea level  to 
20 km depth. Below 20 km depth, this value starts to increase by a factor of 1.3 ending in a last cell with a size 
in z-direction of 4.65 km. For each voxel, the software can modify the petrophysical properties (i.e., density and 
magnetic susceptibility) and/or lithological boundaries according to defined probability functions. In addition, 
the user can set the degree of freedom allowed to the software (very tight, moderate or loose) for each boundary 
between lithological units (Calcagno et al., 2008). Inversions that we carried out ran for 2 million iterations. 
Throughout the modeling process, the bathymetry was established as a fixed surface. The acoustic basement was 
also considered fixed in those areas where it could be defined with confidence (i.e., Bouguer and Eötvös Basins).

In a first stage, the goal was to obtain a geologically robust model that conforms to the regional geodynamic 
framework, especially in the areas not covered by the 2D models. For this purpose, we performed a joint inver-
sion with fixed petrophysical properties and moderate degree of freedom allowed for lithological boundaries to 
improve the geometry of the model “a priori” (Figure 4b). The geologically consistent proposed changes that 
improved the adjustment were accepted. To refine the geometry of the model in detail, forward modeling was 
best suited. In areas where differences between computed and observed data were localized, the lithological 
boundaries were modified by trial-and-error to improve the fit. This process was complemented with several joint 
inversions of the lithological boundaries and petrophysical properties simultaneously and with equal weighting 
of probability functions for both. The inversion returns changes in lithological boundaries and the most likely 
distribution of petrophysical properties. The final geometry was reached when the applied changes no longer 
significantly improved the forward modeling result. At this point, the final model represents the geological struc-
tures realistically and does not present inconsistencies. The last stage consists of an inversion of the petrophysical 
properties with fixed geometry of the different lithological units (Figure 4b). After the last stage of the inver-
sion process (Figure 4b), a more realistic configuration of the density variability and magnetic susceptibility 
is achieved (Figures 6f and 7f). The RMS error of the misfits between the observed and calculated anomaly is 
substantially improved compared to forward modeling (see Section 4.2).

4.  Results
The results obtained during the modeling include: the geological boundaries used as constraints (see Section 3.2.1), 
the fit achieved in the 2D and 3D models and the geometry of the final 3D geological model. In this section we 
have highlighted the three main surfaces that will be discussed below.

4.1.  Initial Surfaces and 2D Models

The acoustic basement depth, calculated from seismic data, ranges from 382 mbsl at the northern SOM to 9,000 
mbsl in the Orkney trench and provides a first approximation to the location and geometry of the sedimentary 
basins (Figure 5a). The reliability of the grid is limited to areas with good MCS data coverage (Figure 3a). For 
example, the greatest acoustic basement depths within the continental shelf coincide with well surveyed position 
of the Bouguer (4,200 mbsl) and Eötvös (3,500 mbsl) Basins. Instead, the less surveyed area of the Airy Basin 

Figure 5.  (a) Acoustic basement depth derived from MCS profiles with contour lines every 500 m. The sedimentary basins are named by their acronyms: NB, Newton 
Basin; AB, Airy Basin; BB, Bouguer Basin; EB, Eötvös Basin. (b) Analytic signal of the total magnetic anomaly with contour lines every 0.005 nT/m. The most 
probable zone for the presence of the batholith is outlined in dotted line. (c) Depth of the Moho from the GEMMA global model (Reguzzoni & Sampietro, 2015). 
Contour line every km. (d) Calculated Moho depth assuming an isostatic equilibrium. Contour line every kilometer. (e) Gravity and magnetic adjustment of a N-S 
oriented 2D model. The location of the profile is shown in panels (a–d). The acoustic basement, the extent of the PMA source and the GEMMA and Isostatic Moho are 
projected over the profile and labeled A–D. BB, Bouguer Basin.
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images a small depocenter surrounded by basement highs. To the west, another small depocenter is observed. The 
Newton basin is not recognized due to the poor quality of seismic profiles in this area.

The Analytic Signal (AS) amplitude calculated from magnetic anomalies ranges from 0 to 0.2 nT/m (Figure 5b). 
Higher AS amplitude corresponds to bodies closer to the surface whereas lower amplitude might correspond to 
bodies placed either at greater depth or to the absence of magnetic bodies (Hsu et al., 1998). The highest AS 
amplitude is located in the center of the SOM. We consider AS amplitudes >0.01 nT/m to frame the source of 
the magnetic anomalies. This area has been delimited as the most likely location of the PMA source (Figure 5b). 
According to the results, the intrusive igneous rock body causing the PMA (also called batholith this work) would 
be sited in the southern half of the microcontinent, extending to Bruce Bank.

The depth of the Moho calculated under isostatic equilibrium (Figure 5d) shows a crustal thickness that reaches 
27 km below the islands. The crust thins toward the SE, where the bathymetry deepens, resulting in a Moho 
depth of 24 km below the Eötvös and Bouguer Basins. This result contrasts with the global GEMMA earth crus-
tal model (Reguzzoni & Sampietro, 2015) (Figure 5c), where the maximum depth of the Moho of 31.5 km was 
located in the central area of the SOM and decreases toward the edges.

These three initial constraints provide the basis for the 2D modeling. Figure 5e shows one of the five 2D models 
realized fitted to the gravity and magnetic anomalies. The RMS error between the observed and calculated magnetic 
anomaly is 46 nT, within a range of the observed magnetic anomaly between −176 and 370 nT. For the grav-
ity anomalies, the RMS error along this profile is of 15 mGal, and the minimum and maximum observed grav-
ity  anom alies  are −140 mGal and 139 mGal, respectively. RMS errors present similar values for all the 2D models 
carried out.

Figure 6.  (a) Observed free-air gravity anomalies. Anomaly ranges may vary slightly from the original satellite data due to the gridding simplification. (b) Forward 
calculated gravity response of the final 3D model. (c) Gravity response of the final 3D model with inverted density values. (d) Histogram of misfit distribution in panel 
(e, above) and panel (f, below). (e) Misfit between forward gravity response and observed anomalies. (f) Misfit between inverted and observed gravity anomalies.
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4.2.  Gravity and Magnetic Response of the Final 3D Geological Model

The final 3D geological model produces a gravity and magnetic response in forward modeling (Figures  6b 
and 7b) taking into account homogeneous petrophysical properties for each lithological unit (Table 1). During 
the inversion process, these fixed values are allowed to vary in a controlled range (Table 1). The fixed values 
used for the forward modeling and the ranges of variation used in the inversion modeling are chosen after the 
empirical values in Telford et al. (1990) and values previously used in models near the study area (Bohoyo, 2004; 
Busetti et al., 2000; Galindo-Zaldívar et al., 2006; Maldonado et al., 2014). The inversion of these petrophysical 
properties produced an improved gravity and magnetic response (Figures 6c and 7c).

Table 1 
Petrophysical Properties of the Lithological Units Used for the 3D Forward and Inversion Modeling

Lithological unit

Forward Inversion

Density (g/cm 3) Magnetic susceptibility (SI) Density variation (g/cm 3)
Magnetic susceptibility 

variation (SI)

Water 1.03 – 1.03 –

Sediments 2.4 – 2.4 ± 0.1 –

Oceanic Crust (Dove, Protector, Jane, Powell Basins) 2.85 0.03 2.85 ± 0.075 0.03 ± 0.007

Continental Crust (Pirie Bank, Bruce Bank, SOM) 2.7 0.007 2.7 ± 0.04 0.007 ± 0.004

Oceanic Crust (Weddell Sea) 2.9 0.03 2.9 ± 0.075 0.03 ± 0.007

Jane Bank 2.83 0.05 2.8 ± 0.07 0.05 ± 0.015

Thinned And Intruded Continental Crust (Powell Basin) 2.8 0.03 2.8 ± 0.02 0.03 ± 0.02

Intrusive body 2.88 0.07 2.88 ± 0.07 0.07 ± 0.05

Mantle 3.33 0 3.33 ± 0.035 0

Figure 7.  (a) Observed WDMAM magnetic anomalies. (b) Forward calculated magnetic anomalies of the final 3D model. (c) Calculated magnetic anomalies of the 
final 3D model with inverted magnetic susceptibilities. (d) Histogram of the misfit distribution in panel (e, above) and panel (f, below). (e) Misfit between forward 
magnetic and observed anomalies. (f) Misfit between inverted and observed magnetic anomalies.
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The free-air gravity computed anomaly in the final forward modeling ranges from −185 to 161 mGal while the 
observed anomaly data ranges between −219 and 220 mGal. The misfits range between ±75 mGal. The forward 
model is able to describe the main features of the free-air anomalies, but the RMS error is still relatively large 
with 23.3 mGal. Larger differences can be observed at the northern boundary of the model: the Jane Bank, the 
contact between the SOM and Bruce Bank, and around the South Orkney Islands (Figure 6e). During modeling, 
the misfit values around the South Orkney Islands were expected to be high because the altimeter-derived gravity 
close to them is unreliable and over them it is absent. Within the SOM, the misfits were up to +50 mGal, being 
the southwest and the northeast border of the SOM the most conflictive areas. After the last stage of the inver-
sion process, the variability applied to the density values resulted in a considerable improvement of the free-air 
gravity anomalies. At this point, the computed anomaly ranges between −189 and 164 mGal and the misfit values 
range between −53 and 60 mGal. The RMS error reduced to 15.8 mGal. It is noteworthy that the largest misfits 
in the forward were scattered over all the modeled area. After inversion, the greatest misfits are at the edges of 
the model, outside the SOM (Figure 6f). Figure 6d shows two histograms representing the distribution of misfits 
for forward and inversion modeling. The bars correspond to 10 mGal intervals with the same range and colors 
as the misfit color scale. The percentage of voxels with a misfit between 5 and −5 mGal improve from 14.5% to 
37% after inversion (Figure 6d). This, together with the improvement of RMS errors provide good reliability in 
the model when discussing the results.

For the magnetic anomalies, we could not achieve a desirable adjustment. The forward response of the final 3D 
model ranges from −220 to 514 nT (Figure 7b) while the observed anomaly data ranges from −286 to 647 nT 
(Figure 7a), with an RMS error of 91.8 nT. After the last stage of the inversion process, the RMS reduces to 
77 nT, which is still far from acceptable. In this case, moreover, the distribution of the misfits did not significantly 
improve after the inversion (Figure 7d). With a voxel dimension of 10 km in the xy direction, the high frequencies 
of magnetic anomalies were difficult to fit. Although the RMS error values were very high, the morphology of 
the computed anomalies and the position of the maximum values show a good match with the observed anomalies 
(Figures 7a–7c).

4.3.  Sedimentary Basins of the South Orkney Microcontinent

The final geometry of the 3D model enables the analysis of the complete sedimentary cover of the SOM. 
These results are more reliable within the continental area of the SOM, associated in this work to the 2,000 m 
isobath (Figure 8a). To the north, the Newton Basin extends in an E-W direction for about 150 km and is 20 km 
wide. The depocenter is located at its western end and it is filled with a 3.5 km thick sediment cover. The 
morphology of the northern and southern boundaries of the Newton basin results in a boudinage shaped basin 
(Figure 8a). In the southern area, the Airy, Bouguer and Eötvös Basins have a N-S orientation (Figure 8a). 
According to the modeling results, the Airy Basin is framed by basement highs and has an ellipsoidal shape 
of 17 × 30 km, with a central depocenter accumulating 2.1 km of sediments. To the west of the Airy Basin, 
another elongated N-S basin is distinguished. Since it is sufficiently large, we tentatively name it Pratt Basin 
in this work (Figure 8a). Pratt Basin is about 70 km long and 25 km wide with a maximum sediment thickness 
of 2.4 km in the northern area. Eötvös and Bouguer Basins are located in the southeastern part of the SOM 
where the bathymetry is deeper. Both basins are separated by a relative basement high and widen southeast. 
Sedimentary thickness in the Bouguer Basin reaches 2.9 km. Eötvös Basin has a thickness of 2.8 km in its 
deepest area. To the east of this basin, there is another depocenter, which is 2.1 km thick. The ODP Site 696 
was drilled in the southern edge of the Eötvös Basin (Figure 2) where, according to the model, the basin accu-
mulates 1.6 km of sediments.

4.4.  Characterization of the Intrusive Igneous Rock Body Causing the PMA

The modeled body of intrusive igneous rock causing the PMA, also called batholith in this work, is located in the 
southern area of the SOM and present variable thickness (Figure 8b). The maximum thicknesses are found in the 
central SOM, matching the area of basement highs surrounding the Airy Basin. In this area, the body portrays 
thickness between 15 and 20 km, where the magnetic maximum is also located. It is an elongated magnetic prov-
ince about 130 km wide that extends throughout the southern part of the SOM and continues eastwards out of the 
modeling area. The body ends at the edge of the Powell Basin. The interruption of the batholith coinciding with 
the position of the Bouguer and Eötvös Basins is noteworthy.
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4.5.  Moho Depth

Although we considered two different models of Moho depth (the global GEMMA model and the calculated 
isostatic Moho depth) as a starting point, the result of the 3D modeling (Figure  8c) shows that both were 
overestimated. The result of the Moho depth derived from the 3D model below the oceanic crust of Protector, 
Dove, Powell and Jane Basins ranges from 10 to 13 km. This depth increases to 18 km under the Pirie and Bruce 
Bank continental blocks. Under the continental area of the SOM, three zones can be distinguished: (a) the north-
ern sector, where the Moho depth ranges between 15 and 20 km; (b) the south-western sector, where the greatest 

Figure 8.  Main results derived from the 3D modeling. For better visualization, 3D volumes and contour maps are shown for 
each unit of interest: (a) Sedimentary cover thickness. The volume of the 3D sedimentary cover is shown with transparency. 
Contour lines every 250 m. The 1,500 m isopach is highlighted. (b) Batholitic complex. Contour lines every kilometer. (c) 
Moho depth. Contour lines every kilometer. The vertical exaggeration of the 3D model is 2.
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crustal thickness places the Moho at 26.5 km; and (c) the south-eastern sector, characterized by the shallowing of 
the Moho to 17.5 km depth, coinciding with the modeled interruption of the batholith.

McKenzie (1978) first introduced the stretching factor β to describe the formation of intracontinental rift basins 
by rapid stretching of the lithosphere. The stretching factor β has also been used to define the extension occurring 
in the whole crust (Chen, 2014; Zhang et al., 2008). The stretching factor β can be calculated through formula 
β = ct0/ctnow, of which, ct0 is the original thickness of the crust, and ctnow is the thickness of present crust (Alvey 
et al., 2008). A thinned crust presents higher values of stretching factor β. To produce a sedimentary basin filled 
with 4.5 km of sediments requires a stretching factor β of about 2 (McKenzie, 1978). We have calculated an esti-
mation of the stretching factor β from the model results. To do this, we need to assume the original thickness of 
the crust. Garrett (1990) performed two-dimensional models of the crustal structure of the Antarctic Peninsula 
that described a crustal thickness of about 30 km. If we take this value as the assumed original thickness of the 
SOM crust, β would have a value of 1.13 for the south-western sector of the SOM, and a value of 1.71 for the 
south-eastern sector.

5.  Discussion
The results derived from the 3D model provides improved insight into the geological structure and evolution 
of the South Orkney Microcontinent which have tectonic implications for the early stages of the Scotia Arc 
development.

5.1.  3D Geophysical and Geological Modeling as a Suitable Method to Characterize and to Understand 
Deep Structures

The 3D geological model of the SOM was built by combining acquired geophysical data and calculated data of 
its deep structure with gravity and magnetic data. The approximation in depth of the different geological contacts 
prior to modeling has allowed the results to be geologically consistent. After the joint inversion of the petrophysi-
cal properties of the final 3D geological model, there were differences between the fit achieved in the gravity and 
the magnetic anomalies. In the case of the gravity anomalies, the RMS error achieved is 15.8 mGal. Given the 
complexity of the area and the relative simplicity of the model in terms of lithological units involved, we consider 
that the final geometry and the distribution of density values represent the SOM structure in a realistic way. In 
contrast, the fit to the magnetic anomalies is not satisfactory, presenting a RMS error of 77 nT. However, the 
approximation to the shape of the magnetic anomalies was quite accurate (Figure 7c). In fact, we believe that it 
was decisive to take into account the AS of the magnetic anomalies as a guide during the modeling process. This 
permitted to delineate the PMA source. If the magnetic component had not been taken into account, the gravity 
anomalies could have been misinterpreted, as the batholith is dense and very bulky. The final range of densities 
attributed to the batholith is within the range of densities of gabbros (2.70–3.11 g/cm 3 in Telford et al. (1990)), 
which is the composition previously described in the literature (Garrett et al., 1986/87).

The modeling carried out in this study proved to be very effective for the characterization of the sedimentary 
cover. Most of the SOM sedimentary basins were previously located by King and Barker (1988) and roughly 
described by Busetti et al. (2000). In the present study, by combining the analysis of the available seismic profiles 
with the gravity modeling, the position and geometry of the basins has been determined more precisely and the 
total sediment fill thickness has been estimated for the first time. The Eötvös, Bouguer and Airy Basins are easily 
identifiable from seismic data and their depths can be mostly estimated directly. To the west of the Airy Basin, 
another elongated N-S basin, here named Pratt Basin, is noteworthy. This basin was not identified in the previ-
ous description of the SOM sedimentary infill of King and Barker (1988) due to lack of gravity data coverage 
in this area. However, they analyzed a seismic profile in the surroundings of this basin (profile “E” in King and 
Barker (1988)) and described the presence of normal faults and sedimentary fill. Busetti et al. (2000) mapped the 
basin depocenter (Figure 2) but its shape could not be delimited. Similarly, a small basin to the east of the Eötvös 
Basin was included as part of the Eötvös Basin in the work of King and Barker (1988), but our results show that it 
is another disconnected basin (Figure 8a). On the other hand, the sparse coverage of the Newton Basin with seis-
mic profiles leads to an underestimation of the sediment thickness. In fact, gravity anomalies reveal that Newton 
Basin might be deeper than initially observed. Based on the model, sediment thickness in the Newton Basin is up 
to 3.5 km, which is closer to the more than 4 km described by Harrington et al. (1972) by means of the seismic 
refraction profile performed west of the South Orkney islands.
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5.2.  Structural Heterogeneity of the South Orkney Microcontinent

The crustal thickness heterogeneity of the SOM is consistent with a complex tectonic evolution. According to 
the results derived from the model, we can distinguish three zones (Figure 9a). The northern third of the SOM, 
zone 1 in Figure 9a, clearly shows a crustal thinning. The difference in Moho depth between the model results 
(Figure 8c) and the theoretical calculation under isostatic equilibrium conditions (Figure 5d) in this area is up 
to 10 km. However, this difference is much smaller in the southern SOM. This is consistent with the conclusion 
reached by King and Barker (1988) that the continental block of the SOM is mostly in isostatic equilibrium except 
for the northern part. The most likely reason, given the position of the northern margin, is an uplift of the northern 
sector of the SOM, related to the active strike-slip movement with compressive character along this South Scotia 
Ridge segment (Bohoyo et al., 2007).

Early Cretaceous intrusive igneous rock bodies produced major crustal growth on the western Antarctic Penin-
sula and they are an important component of the continental crust in the area (Vaughan et al., 1998). Likewise, 
in the southern half of the SOM, the crust is thickened by the presence of the batholith (Figure 9). King and 
Barker (1988) in the description of the tectonic fabric of the southern portion of the SOM, identified two exten-
sional systems separated by a central horst representing the only portion not affected by stretching. Based on our 
results, however, we distinguished two zones in the southern area of the SOM (Figure 9a). The zone 2 (Figure 9a), 
to the west, concentrates the greatest crustal thickness, which may therefore have been less affected by exten-
sional processes. In zone 3 (Figure 9a), to the east, the absence of the batholith coincides with an extreme crustal 
thinning that must be the result of further extension of this zone (Figure 9a). This extension is also recorded by 
the bathymetry since the southeastern part of the SOM is where the deepest water depth is located (Dickens 
et al., 2014). Thus, we conclude that the whole south sector is affected by extensional tectonism, with increasing 
intensity toward the east.

The differentiation between zone 2 and zone 3 (Figure 9a) is also reflected in the position of the sedimentary 
basins and its relation with the thickness variation of the batholith. The discontinuity observed in the batholith 
match the location of the most important sedimentary basins, the Bouguer and Eötvös Basins (Figure 9b). The 
opening of the narrower Airy and Pratt Basins also coincides with regions of an evident thinning of the batho-
lith (Figure 9b). In addition, the horsts surrounding the Airy basin are located where the batholith is thickest 
(Figure 9b). Therefore, we interpret that the batholith has thinned as a result of the opening of the N-S elongated 
basins that even produced its fracturing under the Bouguer and Eötvös Basins. Moreover, the E-W extension 

Figure 9.  (a) Differentiated zones in the SOM according to the thickness of the crust. The dotted area frames the structural 
highs according to the model results. (b) Superposition of batholith thickness variation and location of the sedimentary 
basins. The 1,500 m isopach of the sedimentary cover is highlighted to delimitate the sedimentary basins. Sedimentary basins 
are identified by their acronyms: AB, Airy Basin; BB, Bouguer Basin; EB, Eötvös Basin; PB, Pratt Basin.
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affecting the SOM and leading to the opening of the N-S elongated sedimentary basins (Pratt, Airy, Bouguer and 
Eötvös) seems to have been greater in zone 3. The estimated values for the stretching factor can be related to the 
thicknesses of the sedimentary basins in these areas (see Section 4.5). Zone 3, with the greatest stretching factor 
β of 1.71 corresponds to the Bouguer and Eötvös Basins that accumulate up to 2,800 m of sediments. Zone two, 
with an estimated stretching factor β value of 1.13, has a sedimentary thickness of up to 2,400 m in the Pratt basin. 
This configuration could be associated with an extensional process that began east of the SOM and migrated 
westward later.

The E-W extensional regime must have affected the entire SOM in a similar way. However, it is noteworthy 
that no features associated with this extension are well observed in the northern area. One possibility is that the 
Newton Basin was originally smaller than present and the E-W extension enlarged its geometry, creating the 
boudinage pattern that is shown by the 1,500 m sediment isopach (Figure 8a). Otherwise, the two domains (north 
and south) should be separated by a tectonic feature, such as a strike-slip fault, which decouples the deforma-
tion. In the southern SOM, however, deformation appears to be coupled throughout the crustal thickness, taking 
into account the above-mentioned correlation between shallow and deep features. This could be conditioned 
by the rheology of the different layers of the lithosphere. The depth at which the lithosphere changes from 
brittle to ductile behavior, the “brittle-ductile transition” of Kirby (1983) is greater in basic rocks than in acidic 
rocks (Ranalli & Murphy, 1987). Therefore, the basic nature of the batholith could have facilitated its fracturing 
together with the opening of the N-S elongated basins.

5.3.  Regional Tectonic Implications

The results derived from the model have implications for the tectonic processes involved in the formation of the 
sedimentary basins of the SOM. Previous works interpreted the Newton Basin as an intra- or fore-arc Creta-
ceous basin based on the compatibility between the direction of extension and the orientation of the intrusive 
basic igneous body causing the PMA (Eagles & Livermore, 2002; King & Barker, 1988). Our model results are 
compatible with the interpretation of the Newton Basin as a fore-arc basin originated during the Late Cretaceous, 
contemporary with the emplacement of the batholith (Figure 10a). The boudinage pattern in the 1,500 m isopach 

Figure 10.  Sketch of the different phases of the SOM tectonic evolution. (a) Late Cretaceous: Subduction of the Phoenix Plate below the Antarctic Peninsula producing 
the intrusion of the batholitic complex. (b) Around 50 Ma: Beginning of the extension to the east of the SOM that causes the opening of the N-S elongated basin. AB, 
Airy Basin; BB, Bouguer Basin; EB, Eötvös Basin; PB, Pratt Basin; PPB, Proto-Powell Basin. Kinematic reconstruction after van de Lagemaat et al. (2021).
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of the Newton basin (Figure 8a) could be related to the prolongation of the extension of the N-S elongated basins 
northward or be the result of E-W extension of basement.

The results obtained from the 3D modeling and some geological assumptions allow us to propose a relative 
age for the opening of the Bouguer, Eötvös, and Airy Basin, which would also apply to the Pratt Basin iden-
tified in this work. The correlation between the thinning and fragmentation of the batholith with the position 
of the N-S elongated basins (Pratt, Airy, Bouguer and Eötvös) (Figure 9b) leads us to assume a basins forma-
tion age younger than the intrusion. To further constrain the age of formation of these basins, we turn to the 
sedimentary record recovered from the ODP Site 696, drilled on the Eötvös Basin (P. E. Barker et al., 1988). 
The deepest sedimentary section of ODP Site 696 is attributed to the late Eocene (∼37.6–35.5 Ma). Below the 
lowest sediments recovered at ODP site 696, our model and seismic data show that there are further 955 m sedi-
ments to reach the basement. The similarity between the late Eocene depositional environment and sediment 
composition of SOM and Seymour Island suggested to López-Quirós et al. (2021) that the SOM was sourced 
by sediment from the Antarctic Peninsula, to which it was still attached or in close proximity at that age. Inter-
polating the sedimentation rate of ∼4 cm/kyr calculated for the lower sediments recovered from ODP Site 696 
(López-Quirós et al., 2021) to the additional unsampled sediment thickness below the site, we could assign an 
age of about 58 Ma for the sediments resting directly above the basement. However, this age is speculative as 
sedimentation rates can be expected to have changed over time. More reliable sedimentation rates are calculated 
from the Seymour Island formations, which span from the Cretaceous to Eocene. In Seymour Island, sedimen-
tation rates in sedimentary units older than 37.6 Ma range between 5.5 and 7.6 cm/kyr (Amenábar et al., 2020; 
Bijl et al., 2013; Montes et al., 2019). If we consider similar sedimentation rates for SOM sediments older than 
late Eocene at Site 696, we could attribute ages between 45 and 50 Ma to the deepest sediments of the Eötvös 
Basin.

In this time frame, the initial development of the N-S elongated basins may be related to an early stage of the 
Scotia Arc formation before or around 50 Ma (Figure 10b). We interpret the differential deformation observed 
between the eastern and western sectors of the southern part of the SOM (Figure 9a) to be result of a great exten-
sional stress to the east of the SOM, rather than two extensional systems separated by a central horst (King & 
Barker, 1988). The extension must have started east of the SOM, maybe linked to Weddell subduction below the 
east side of the Arc (Figure 10) and migrated westwards thereafter. A clear disconnection between the SOM and 
the Antarctic Peninsula has been interpreted at 35.5 Ma, during a Proto-Powell formation stage (López-Quirós 
et al., 2021; Thompson et al., 2022). However, the opening of the Powell Basin may have begun earlier. The alkali 
basalts dredged from the Antarctic Peninsula margin conjugated to the western SOM have Eocene age (47.7 and 
49 Ma) (Barber et al., 1991). These dates fit within the proposed range for the start of sedimentation in the Eötvös 
Basin, suggesting that regional extension indeed affected the SOM and Powell Basin simultaneously. We postu-
late that a proto-Powell Basin existed parallel to the Pratt, Airy, Bouguer and Eötvös Basins (Figure 10b), which 
subsequently developed in a last stage finally becoming oceanic. The opening of the N-S elongated basins fits 
into a regional history of extensional deformation that begins with thick crust that as it extends thins in multiple 
places in a “core complex” mode. Subsequently, extension focuses on the Powell basin that deepens and widens 
to produce a crustal neck prior to seafloor extension.

6.  Conclusions
The integration of observed and calculated geological and geophysical information with geophysical modeling of 
gravity and magnetic data has allowed the development of the first detailed geological 3D model of the SOM. The 
results of the modeling enable to link the deep structure of the SOM with its tectonic evolution. The following 
conclusions can be summarized from the research described above:

•	 �3D geophysical and geological modeling reveals as the most powerful tool for integrating different datasets to 
characterize large geological structures in regions with scarce direct data as Antarctica.

•	 �In the absence of well distributed seismic information, 3D modeling of gravity anomalies enables to accu-
rately define the geometry of sedimentary basins. In this work we have been able to determine the depth of the 
Newton Basin and define the existence of a well-developed sedimentary basin, the Pratt Basin.

•	 �The N-S elongated basins (Pratt, Airy, Bouguer and Eötvös) were formed due to a great extensional stress 
during early stages of the Scotia Arc opening. Newton Basin could be slightly deformed and extended during 
the N-S elongated basin formation.
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•	 �The style of deformation undergone by the SOM is conditioned by the rheology of its different layers. The 
rheology of the batholith linked to its basic nature could have facilitated its brittle deformation coupled with 
the opening of the N-S elongated basins.

•	 �The interrelated deformation observed in the structural features of the SOM suggest that the south-eastern 
area of the SOM has been the most affected by the eastwards tectonic extension. Extensional stress was great-
est to the east of the SOM in the early stages of the Scotia Arc fragmentation, propagating westward thereafter.

•	 �The Powell Basin may have been another N-S elongated basin to the west of the Pratt Basin, which may have 
progressed at a later stage, leading to its oceanization.

Data Availability Statement
The main results derived from the 3D geological model presented in Figure 8 (sedimentary cover thickness, 
geometry of the intruded batholith causing the Pacific Margin Anomaly and depth of the Moho) are available for 
download at the DIGITAL.CSIC repository: http://hdl.handle.net/10261/304015.
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