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A B S T R A C T

The Dufek layered mafic intrusion represents the only exposed, deep-seated, part of the Ferrar Large Igneous 
Province, which extends >3500 km across Antarctica and into parts of Tasmania and New Zealand. The Dufek 
Intrusion is in a key position at the boundary between the Jurassic Weddell Sea Rift System and the East Ant
arctic Craton. It may have been a conduit for some of the Ferrar magmas, or a deep-seated equivalent to the 
shallower sills seen in other sectors of Antarctica. Although a significant intrusion, equivalent at least to the 
Stillwater complex in the USA, its true scale and geometry, along with the relative timing of emplacement is 
disputed. We present new 3D models of gravity and magnetic data which constrain the geometry of the intrusion, 
show how separate lobes of the intrusion are linked and identify a possible extension of the intrusion to the east. 
We also discuss the implications for how the intrusion may have been emplaced.

1. Introduction

1.1. Layered intrusions and large igneous provinces

Layered mafic intrusions are large magmatic bodies where flow 
within the magma chamber, coupled with on-going crystallisation, 
crystal settling and other magmatic processes, leads to development of 
crystal fabrics visually like those in sedimentary rocks. The origins of 
layering are complex but can be broadly divided into two types: i) dy
namic processes, such as magmatic flow, and ii) non-dynamic processes, 
including differing rates of crystal nucleation and growth developing in 
non-flow conditions. Overlap between these two types can develop in an 
intrusive body over time. Layered intrusions reveal how mafic magmatic 
systems evolve with time and are of interest globally as a source of 
platinum group elements. The largest known layered intrusion is the 
~300 × 400 km Archean Bushveld complex of South Africa which has a 
thickness of ~9 km (Cole et al., 2021). Other well-known but smaller 
layered intrusions include the Neoarchean Stillwater complex of the 
USA, which geophysical data indicate extends over an area of 64 × 32 
km, with a thickness of ~9 km (Finn et al., 2020), and the ~55 Ma 
Skaergaard intrusion (Greenland) which is ~11 × 8 km across and ~4 
km thick (Nielsen, 2004). The large volume of magma required to 
facilitate development of the layered structures is consistent with the 
observation that many layered intrusions, such as Skaergaard, are part 

of wider large igneous provinces (LIPs).

1.2. Geological setting and age of the Dufek intrusion

The Dufek layered Intrusion was emplaced into folded Cambrian to 
Devonian sediments in the northern part of the Pensacola Mountain 
Range (Fig. 1a). This location is close to the tectonic boundary between 
East and West Antarctica, which is proposed to follow the Pagano Shear 
Zone (Jordan et al., 2013). The oldest sedimentary sequences show more 
intense folding developed during the ~500 Ma Ross Orogeny (Cawood, 
2005). Younger (Devonian to Permian) sequences, including the wide
spread Dover Sandstone are separated from the older sequences by 
angular unconformities and show more limited deformation into 
generally broad low-angle folds (Curtis et al., 2004).

The Dufek Intrusion is exposed in two adjacent mountain ranges, the 
smaller western Dufek Massif (55 × 10 km) and the larger eastern 
Forrestal Range (110 × 26 km) (Fig. 1). These mountain ranges have 
peaks over 1700 m high, run broadly N/S and are separated by the ~45 
km wide Sallee Snow Field, an icy plateau 1–1.3 km thick with a surface 
altitude of ~1100 m. The contact between the Intrusion and the sur
rounding country rock is largely ice covered. However, a high angle 
intrusive contact with the Dover Sandstone outcrops at Mount Lechner 
in the Forrestal Range (Ford, 1976), with a dip of 45◦ to the southeast 
(Semenov et al., 2014). Other outcropping sediments in this area lie in 
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the thermal aureole (Ford, 1976). The layering within the intrusion 
generally shows a 5–10 degree south-eastward dip, implying the 
Aughenbaugh Gabbro exposed in the Dufek Massif forms the basal part 
of the intrusion, while the Saratoga Gabbro and overlying Lexington 
Granophyre in the Forrestal Range from the stratigraphically shallower 
part (Ford, 1976) (Fig. 2c).

Geochemically the Dufek Massif and Forrestal Range parts of the 
intrusion show distinct but overlapping patterns. The whole rock Fe/Mg 
ratios increase towards the presumed upper part of the intrusion, 
reflecting progressive Fe enrichment, with the Forrestal Range showing 
the highest values (Ford, 1976). Petrological observations show that 
oxide minerals, such as magnetite, only become an abundant phase to
wards the upper levels of the Dufek Massif, but are found throughout the 
Forrestal Range (Himmelberg and Ford, 1977). Such progressive change 
in geochemistry has been attributed to fractional crystallisation of a 
single large magmatic body (Semenov et al., 2014). 87Sr/86Sr and δ18O 
isotopic values across the two exposed parts of the intrusion also show 
distinct but overlapping patterns, however, these are attributed to var
iable amounts of crustal contamination and pulses of new magma, 
suggesting a more complex emplacement mechanism in a dynamic 
setting (Kistler et al., 2000). A more complex growth pattern driven by 
multiple injections of magma is also suggested by other petrological 
(Carnes et al., 2011) and isotopic studies (Dunlop et al., 2016). A 
complex emplacement history with the rocks of the Dufek Massif 
emplaced at shallow depth and representing a separate intrusion from 
the Forrestal Range are also suggested by some paleomagnetic studies 
(Gee et al., 2009).

Geochemical and mineralogical characteristics influence the bulk 

rock properties of density and susceptibility which are important for 
understanding and interpreting the geophysical properties of the intru
sion. As magnetite is known to be a key contributor to magnetic sus
ceptibility it is unsurprising that the rocks of the Forrestal Range, where 
magnetite is abundant, consistently show higher susceptibility values 
than those of the Dufek Massif (Beck, 1972). This is confirmed by data 
from the Byrd Polar Rock repository (Fig. 2a and Table 1) which shows 
the Aughenbaugh Gabbro of the Dufek Massif has an average suscepti
bility of 237 × 10− 5 SI (n = 605) while the Saratoga Gabbro forming the 
bulk of the Forrestal Range shows a mean susceptibility of 6692 × 10− 5 

SI (n = 995) (Fig. 2c). Within the Forrestal Range the most extreme 
susceptibility values (>20,000 × 10− 5 SI) are found at altitudes of 
>1300 m and may reflect sampling of distinct magnetite rich layers. 
Rock density is also a function of geochemical composition and has been 
shown to vary in direct proportion to the volume percentage of pyroxene 
(Ford and Nelson, 1972). The average measured density of the Dufek 
Massif, weighted for the relative abundance of the different rock types, is 
~2.95 g/cc while the Forrestal Range has a slightly higher average 
density of 3.03 g/cc (Ford and Nelson, 1972) (Fig. 2c).

Several studies have investigated the age of the Dufek Intrusion. A 
U–Pb age of 183.9 ± 0.3 Ma has been reported for the capping Lex
ington Granophyre of the Forrestal Range and a 182.7 ± 0.4 Ma age for a 
late stage felsic dyke (Minor and Mukasa, 1997). Higher precision ages 
of magmatism from across the entire Ferrar LIP have also been deter
mined, with weighted mean ages of 182.700 ± 0.045 Ma and 182.629 
± 0.029 Ma for capping granophyres from the Forrestal Range at Mount 
Zirzow and Mount Lechner respectively (Burgess et al., 2015). The 
emplacement of the Dufek Intrusion was therefore synchronous with the 

Fig. 1. Location map. a) Subglacial topography of the Pensacola Mountains and surrounding glaciers from Bedmachine Antarctica (Morlighem et al., 2020). Blue 
lines show outcropping Dufek Intrusion while yellow lines mark other rock outcrops from the SCAR Geomap (Cox et al., 2023). Red lines indicate faults/lineations 
(Curtis, 2002; Storey et al., 1996). Black lines mark coast/grounding line at edge of ice shelf. Dashed box locates (b). Inset shows study area in Antarctic context. BI is 
Berkner Island, E. Ant and W. Ant are East and West Antarctica respectively. b) Survey lines and bed topography of study area. Magnetic data from ADMAP2 
(Golynsky et al., 2018) and the 2016 Foundation Ice Shelf Survey (FISS) (Jordan et al., 2021) as solid lines. Red = SPRI 1978, Purple = USSR 1978, Blue = BAS Dufek 
1999, Orange = BAS FISS 2016. Note gaps in older magnetic line data where more modern surveys provide data with higher navigational accuracy. Gravity data as 
dashed lines. Black = BAS gravity 1999 (Jones, 2020), Grey = OIB gravity (Tinto et al., 2010, updated 2019). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)

T.A. Jordan and T.R. Riley                                                                                                                                                                                                                   Physics of the Earth and Planetary Interiors 356 (2024) 107268 

2 



intrusion of mafic sills from the central Transantarctic Mountains 
(weighted mean age of 182.63 ± 0.30 Ma) and southern Victoria Land 
(weighted mean 182.636 ± 0.044 Ma). A more recent investigation 
using chemical abrasion ID-TIMS (VanTongeren et al., 2020) yielded 
weighted mean ages of 182.464 ± 0.030 Ma for the Dufek Massif and a 
marginally older weighted mean age of 182.646 ± 0.031 Ma for the 
presumed stratigraphically shallower Forrestal Range. The close but 
distinct ages for these samples could reflect differences in the time for 
different depths of the intrusion to cool to the zircon saturation tem
perature. Alternatively, similar out of sequence ages, i.e. where younger 
rocks are found in a stratigraphically lower position, have been observed 
in the Bushveld intrusion (Mungall et al., 2016; Scoates et al., 2021), 

where the dating has led to the suggestion that layered intrusions were 
not large magma chambers, but rather the product of repeated intrusions 
of sill like bodies, which may actually show progressive younging 
downwards. Elsewhere in the Ferrar LIP, the layered felsic-intermediate 
intrusion at Butcher Ridge of the central Transantarctic Mountains has 
an age of c. 182.4 Ma, akin to the Ferrar Province sills and Dufek 
Intrusion (Nelson et al., 2019).

1.3. Previous geophysical interpretation of the Dufek Intrusion

Both the areal extent and the detailed geometry of the Dufek Intru
sion are uncertain due to the sparse, or absent outcrop around and 

Fig. 2. Measured magnetic susceptibility values (The Polar Rock Repository (PRR), 2021). a) Visualization of susceptibility distribution for each geological formation 
in the study area. Full formation name and abbreviation given in Table 1. Jurassic magmatism includes Dufek Intrusion and samples of the Ferrar Dolerite at Pecora 
Escarpment. Sample Key indicates symbol colour on map in panel (b). Note log10 vertical scale used to show all samples. b) Spatial distribution of samples. Dashed 
white box locates Fig. 3. c) Presumed stratigraphic order and thickness, together with mean susceptibility and density for the Dufek Intrusion (Ford and Nelson, 1972; 
Semenov et al., 2014).
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between the Dufek Massif and Forrestal Range and to the north (Fig. 1b). 
The rock outcrop has an area of ~107 km2 of Jurassic igneous rocks (Cox 
et al., 2023), which at a minimum gives a buried area of 2202 km2 

enclosed by the known exposures. The Dufek Intrusion has been linked 
to magnetic anomalies ~200 km north on Berkner Island, based on 
reconnaissance aeromagnetic data (Behrendt et al., 1980) indicating a 
much larger areal extent of ~50,000 km2. The Berkner Island anomalies 
were subsequently re-interpreted as a distinct basement block, separated 
along a dextral fault away from previously coincident basement inter
preted beneath the Support Force Ice Stream (Ferris et al., 1998). Other 
long wavelength anomalies in the region with lower amplitudes are 
interpreted to be basement, or potentially, offshore to the west, other un- 
related intrusions (Ferris et al., 1998), while high frequency features 
were interpreted as a suite of Jurassic or Cambrian dykes (Ferris et al., 
2003). Such re-interpretation of the main anomalies gave a smaller area 
for the combined Dufek and Forrestal intrusion of 6600 km2. In addition 
to arguing for a smaller size, it was argued that the Dufek and Forrestal 
bodies were distinct based on the differing magnetic trends and 
modelled susceptibilities seen in the two areas (Ferris et al., 1998). The 
Dufek Intrusion was interpreted to be older and less extensive, while the 
younger Forrestal body was split into distinct eastern and western bodies 
by subsequent faulting.

2. Methods for re-analysis

2.1. Input geophysical data

Our study of the Dufek Intrusion is based on analysis and interpre
tation of associated airborne magnetic and gravity data. No consistent 
aerogeophysical survey covers the entire intrusion, so we have produced 
data compilations based on existing published datasets.

The aeromagnetic compilation is primarily based on data available 
through the ADMAP compilation (Golynsky et al., 2018). Additional 
aeromagnetic data, collected opportunistically during an aero
geophysical survey of the Filchner Ice Shelf region (FISS), was also 
included, giving enhanced resolution over the adjacent Support Force 
Glacier (Jordan et al., 2021). All the available line magnetic data were 
combined into a single database and an initial assessment made of the 

data quality. In some areas, where older surveys conducted prior to the 
advent of GPS navigation overlapped more modern surveys, identifiable 
magnetic anomalies appeared to be latterly offset by up to 5 km. We 
therefore only included the older datasets in the final gridded magnetic 
data product where there was no more recent data, or where levelling 
could provide an acceptable match. After data selection we carried out 
statistical levelling to produce a consistent aeromagnetic data set 
(Fig. 3a).

The airborne gravity data comes primarily from a survey flown in 
1998/99 by the British Antarctic Survey, collecting magnetic, gravity 
and radar data. The gravity data was collected using a LaCoste and 
Romberg air-sea gravity system in a ZLS stabilised platform (Jones, 
2020). The gravity dataset is restricted to the southern Forrestal Range 
(Fig. 1b). The LaCoste and Romberg data were corrected to free air 
anomalies using standard processing steps (Jones and Johnson, 1995), 
including application of a 9 km low pass filter. The free air gravity 
dataset shows a relatively large crossover error of 9.1 mGal, likely 
reflecting the quality of the available GPS processing, coupled with non- 
ideal flying conditions. Three additional gravity profiles across the 
Forrestal Range were collected by Operation Ice Bridge, in 2012. This 
more recent gravity dataset has an estimated error of ~1 mGal, based on 
internal crossover analysis in other areas (Tinto et al., 2010, updated 
2019). These two datasets were continued to a common altitude of 2500 
m, and statistically levelled, giving a relatively smooth gravity anomaly 
field, and a residual standard deviation at the crossover points of 5.91 
mGal (Fig. 5a).

2.2. Digital enhancement

To assess the areal extent of the Dufek intrusion we applied the 
horizontal tilt angle (TDX) digital enhancement using the gradients 
calculated from our magnetic compilation (Cooper and Cowan, 2006). 
This enhancement is calculated as the inverse tangent of the total hor
izontal gradient of the magnetic field, normalised by the vertical 
gradient of the field. The resulting enhancement shows peaks over 
anomaly edges, assuming vertical contacts between magnetic sources. 
An advantage of this method is that it identifies source edges irrespective 
of anomaly amplitude which varies significantly across the study area. 
The depth of the sources for the Dufek Intrusion was evaluated using the 
tilt depth method. This uses the tilt angle calculated from the inverse 
tangent of the vertical gradient of the magnetic field normalised by the 
total horizontal gradient of the field. The zero value for the tilt angle 
corresponds to the source edge, and the distance to pairs of positive and 
negative tilt angle contours is proportional to the source depth (Salem 
et al., 2007). We compared depths based on the distance from the zero 
contour to the adjacent +/− 30◦ contours, discarding depths where the 
estimates were inconsistent, or where the directions to the adjacent 
contours were not approximately anti-parallel to isolate the most robust 
depth estimates (Jordan and Becker, 2018).

Free air gravity anomalies are dominated by the signature of the 
terrain, rather than the underlying geology, due to the large density 
contrast at the rock/ice or rock/air boundary. The Bouguer correction is 
a gravitational model for the impact of the topography and ice calcu
lated using standard reference densities of 915 kgm− 3, 1028 kgm− 3 and 
2670 kgm− 3 for ice, water and rock respectively. The correction was 
calculated in 3D using a prism based approach (von Frese et al., 1981), 
at a uniform observation altitude of 2500 m. Subtraction of this 
correction from the free air data, also continued to 2500 m altitude, 
strips out the impact of topography and ice filled valleys from the 
observed gravity signal, revealing density variations in the rocks 
beneath. Where the reference density used is incorrect, e.g. a mountain 
of dominantly gabbroic composition may have a real density > 2670 
kgm− 3, the residual anomaly after the Bouguer correction will contain a 
gravity anomaly proportional to the error in density. This anomaly is 
then factored into subsequent models and analysis. Although short 
wavelength gravity features associated with topography are largely 

Table 1 
Summary of measured susceptibility values (The Polar Rock Repository (PRR), 
2021). Abbreviated names (Abrv.) match abbreviations in Fig. 2a. Number of 
samples (n) from a total of 2987 samples.

Susceptibility x10− 5 (SI)

Formation name Abrv. n min max mean Stdev

Saratoga Gabbro SG 995 1 80,285 6692 10,528
Lexington Granophyre LG 49 11 9699 1594 1559
Aughenbaugh Gabbro AG 606 0 7075 237 595
Walker Anorthosite WA 32 2 100 15 18
Ferrar Dolerite F 22 13 438 135 141
Median Granite Mgr 21 4 1760 244 528
Serpan Gneiss Sgn 3 15 414 162 219
Gambacorta Formation Gfm 133 1 1798 181 357
Patuxent Formation 

(volcanic)
Pfm 
Vol

141 3 9890 294 1100

Patuxent Formation 
(sediments)

Pfm 
Sed

173 0 2400 35 189

Gale Mudstone GM 140 0 2200 26 185
Pecora Formation Pfm 139 0 1000 42 150
Dover Sandstone Dst 138 0 9370 75 798
Elbow Formation Efm 92 1 992 47 166
Elliott Sandstone Est 74 0 47 8 7
Heiser Sandstone Hst 65 0 50 7 10
Hannah Ridge Formation Hfm 54 0 1200 38 162
Nelson Limestone Nlst 45 0 42 9 13
Wiens Formation Wfm 34 0 364 30 85
Neith Conglomerate Ncon 16 1 12 5 4
Brown Ridge 

Conglomerate
Bcon 15 4 17 9 4
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Fig. 3. Aeromagnetic anomaly map over Dufek Intrusion. a) Reduced to the Pole aeromagnetic anomaly. b) Annotated magnetic anomaly map. Red and yellow areas 
locate Jurassic intrusive and other rock outcrops respectively. Contours (black and grey) show bedrock elevation from Bedmachine2. Dotted black and white line 
marks Support force Anomaly (SFA). c) Aeromagnetic anomaly from (a) with TDX enhancement of theoretical source edges. Grey/black shading indicates high TDX 
values locating source boundaries. Red and yellow lines show example profiles from joint local gravity/magnetic model (Fig. 7) and regional magnetic only model 
(Fig. 9) respectively. Orange lines show additional longitudinal sections of model shown in Fig. 10. Blue dots mark profile inflection points. Note linear banding 
apparent beneath the southern part of the Support Force Glacier is an artifact of incomplete levelling of the magnetic line data, due to a lack of tie lines in the 
underlying opportunistic magnetic dataset. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.)
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removed by the Bouguer correction, long wavelength gravity signatures 
due to variations in crustal thickness, for example due to isostatic 
compensation of surface topography and ice loads, are still present in the 
Bouguer gravity field. The gravity effect of a crustal model assuming 
Airy Isostatic compensation of the surface topography was therefore 
calculated assuming reference crust with a Moho at 31 km depth and an 
observation altitude of 2500 m. The resulting calculated gravity field 
was subtracted from the Bouguer anomaly, leaving the Airy isostatic 
residual. This residual anomaly is theoretically dominated by density 
variations in the upper crust, although deviations from the assumed 
method of isostatic compensation may be revealed as longer wavelength 
residual gravity anomalies.

Additional land gravity data collected in the 1960s (Behrendt et al., 
1974) provide observations away from the main airborne surveys 
(Fig. 5d). The land free air gravity anomalies were corrected using the 
same Bouguer and Airy isostatic corrections as the airborne data. This is 
an approximation, as the airborne Bouguer correction is calculated at a 
fixed altitude. Continuation of the point free air data to the same altitude 
is not practical as full wavelengths of the gravity field are not captured in 
the original land surveys. However, we include the corrected land 
gravity data in our regional gravity compilation as it gives the most 
complete view of the regional gravity field.

2.3. Modelling

To assess the sub-surface structure and extent of the intrusive bodies 
we constructed 3D forward models, constrained by observed magnetic 
and, where available, gravity data. The software we used was “Inter
active Gravity and Magnetic Application System” IGMAS+ software 
(v1.4.8707) (Goetze and Lahmeyer, 1988; Götze and Schmidt, 2010), 
currently maintained by GFZ Potsdam (Anikiev et al., 2020). During 
forward modelling the software calculates the 3D gravity and magnetic 
anomalies resulting from irregular shaped 3D polyhedra. The polyhedra 

are created using a series of 2D profiles intersecting known or expected 
interfaces/bodies. Nodes on the individual 2D profiles are linked be
tween lines by a triangulation algorithm, creating the modelled 3D 
polyhedra. Additional bodies on two or more profiles can be added and 
their gravity and magnetic effects calculated. A visually optimal model is 
then constructed by moving nodes on the individual 2D sections and re- 
calculating the 3D geometry and associated magnetic and gravity fields. 
As the model is a visual fit, the residual errors are relatively large. A 
better fitting model is possible, but would require additional complexity 
which is not justified given the uncertainties in the input data.

Two 3D models were constructed. The first joint model focused on 
the area where both gravity and magnetic data are available over the 
Forrestal Range. The input data for the modelling was the Airy isostatic 
gravity anomaly and levelled magnetic anomaly data, both continued to 
a constant altitude of 2500 m. The second model included the Dufek and 
Forrestal outcrops and the area enclosed by peaks in the TDX 
enhancement interpreted to mark the approximate edge of the intrusion. 
This wider model only considered magnetic data and aimed to constrain 
the regional form of the intrusion. The observation altitude for this 
model was extracted from the flight elevations reported for the magnetic 
dataset. To enable efficient calculation of both models the constraining 
data had a 2 km point spacing, sampled onto a regular mesh, based on 
the gridded data products (Fig. 3a and 4c). The 3D calculations were 
constrained by 2D model sections separated by 6 km. The base of the 
modelled bodies was initially assumed to be flat. Potential field data 
does not resolve the base of bodies well, so this simplified structure is 
assumed. Where the model required the bodies to be thicker, we aimed 
to maintain a simple basal geometry by minimising the number of 
additional basal nodes, but acknowledge that a more complex base may 
be present in reality. The magnetic model assumed an inclination of 
− 68◦ and a declination of 19◦ corresponding to the IGRF values at the 
centre of the study region.

Fig. 4. Elevation of magnetic sources from the tilt depth method. Note many sources appear to be above sea-level, consistent with the elevated and highly magnetic 
topography in the region.
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3. Results

3.1. Compiled magnetic anomaly map

Our new magnetic compilation clearly identifies the signature of the 
two previously reported branches of the Dufek Intrusion (Fig. 3). The 
highest amplitude magnetic anomalies are in the Eastern branch (For
restal Range), where peak anomaly amplitudes of 2600 nT are observed, 
with many other areas having amplitudes between 500 and 1000 nT. 
The Western branch also shows multiple broad anomalies with ampli
tudes of 500 to 1000 nT, but these are restricted to the snow-covered 
northern part. The outcropping rocks in the Dufek Massif are generally 
associated with lower amplitude magnetic anomalies between 80 and 
600 nT, aside from a single isolated and spatially restricted 1000 nT 
anomaly. The trend of the anomalies in the Dufek Massif follows the 
topographic trend (Fig. 3b), which is offset from the trend of the higher 
amplitude parts of the western and eastern branches of the intrusion.

In addition to the two main magnetic structures previously reported, 
higher resolution data (2.5 km line spacing) over the Support Force 
Glacier reveals a distinctive magnetic anomaly at least 70 km long and 
4–10 km wide, with a typical amplitude of ~140 nT (Fig. 3b). This 
Support Force Anomaly runs in a straight line ~50 km south-west from 
the coast, before abruptly turning southeast and out of the survey area. 
The anomaly appears to continue in a more diffuse form north of the 
coast, but this may be an artifact of the altitude, line spacing and 
reduced navigational accuracy of previous surveys.

Beneath, and to the south of the Sallee Snow Field there is a further 
approximately linear magnetic anomaly with an amplitude of ~30 nT 
(Fig. 3a). This anomaly has previously been linked with one of a number 
of Jurassic dykes originating in the Forrestal Range (Ferris et al., 2003). 
However, due to the relatively wide line spacing of the underlying 
survey (5 km), compared to the Support Force Survey (2.5 km), the 
anomaly is relatively hard to trace, and it is not clear if it originates in 
the Dufek Massif or Forrestal Range. The relatively low amplitude and 
indistinct nature of the anomaly compared to other parts of the intrusive 
system mean we do not model this feature.

Other magnetic anomalies are present south and west of the expo
sures of the Dufek Intrusion. These typically have amplitudes of <100 
nT, and have previously been attributed to Cambrian igneous rocks 
associated with the ~500 Ma orogenic event in this region (Ferris et al., 
1998; Ferris et al., 2003). The likely source rocks for these anomalies are 
the pre-Jurassic igneous rocks (Fig. 2a) which show relatively elevated 
susceptibility and are exposed in the southern Pensacola Mountains 
(Storey et al., 1996) (Fig. 2b). A similar broad low amplitude magnetic 
anomaly with no strong preferred orientation is noted over the southern 
end of the Support Force Glacier (Fig. 2a). The source for this anomaly is 
not clear, but it appears distinct from both the high amplitude anomalies 
over the Forrestal Range, and the linear structure to the north, and we 
therefore attribute it to magnetic basement.

In the Forrestal Range the edges of the anomaly sources indicated by 
the TDX enhancement are broadly consistent with the boundary be
tween outcropping gabbros and surrounding outcrops of less magnetic 
sediments (Fig. 3c). In contrast, in the Dufek Massif area outcrops of 
gabbro appear to be outside main source body indicated by higher 
amplitude magnetic anomalies and the TDX edge enhancement, how
ever, these outcrops are within the broader negative total field anomaly 
and are associated with local source body margins in the TDX 
enhancement.

Depth to magnetic source estimation using the tilt depth method 
confirms the sources for the Dufek and Forrestal bodies are generally 
very shallow, in line with the presence of exposed high magnetic sus
ceptibility rocks. However, we note that 75 % of the recovered sources 
are shallower than the bed. This suggests that there is a systematic bias 
in the depth to source results which we attribute this to limitations 
imposed by the assumptions behind the tilt depth method, including the 
sources being simple vertical contacts and no remnant magnetisation 

being present. Despite this we believe that the conclusion that sources 
are generally shallow is valid.

3.2. Gravity anomaly compilation

The free air gravity anomalies show positive values associated with 
the topography of the Forrestal Range and a broad negative over the 
adjacent deep basin of the Support Force Glacier (Fig. 5a). The Bouger 
gravity anomaly retains a relative positive anomaly over the Forrestal 
range, ~70 mGal above the adjacent values (Fig. 5b). The Bouguer 
anomalies over the more elevated topography west of the Forrestal 
range are between − 70 and − 55 mGal, while to the east values of − 55 
to − 45 mGal are observed. The Airy isostatic anomaly, which has been 
corrected for the theoretical crustal thickness variations required to 
balance the observed surface topography, retains the ~70 mGal relative 
positive over the Forrestal range, while the anomalies to the east over 
the Support Force Glacier are more negative than those to the west 
(Fig. 5c). A good visual correlation between the outcrop of the Dufek 
Intrusion and the local residual positive Airy isostatic gravity anomaly is 
seen (Fig. 5c).

The regional view of the Airy isostatic anomaly (Fig. 5d) includes 
land gravity observations over both the Forrestal Range and Dufek 
Massif. These show values 50 to 100 mGal above the regional back
ground. In the case of the Dufek Massif background gravity values away 
from the rock outcrops are not sampled, but it is likely that the values 
recorded in the Dufek Massif reflect a significant local positive relative 
gravity anomaly. This is consistent with the positive anomalies seen in 
the Operation Ice Bridge data to the north of the region. A broad cor
elation is seen between the Sallee Snow Field magnetic anomaly 
(Fig. 3c) and a ~ 10 mGal relative gravity high (Fig. 5d). However, the 
lack of short wavelength resolution in the gravity field due to data 
processing and low amplitude relative to the error of the gravity 
anomalies mean this feature is poorly resolved and hard to interpret.

3.3. 3D model outputs

The joint gravity and magnetic 3D forward model of the southern 
Forrestal Range was able to reproduce the general form and amplitude 
of the observed anomalies (Figs. 6 and 7). The overall misfit between 
observed and modelled gravity anomalies had a standard deviation of 10 
mGal, while the magnetic data showed a misfit of 150 nT. While these 
errors are high, the aim was not to fit the data perfectly, but rather to 
explore the possible form of the intrusion which gave a visually 
acceptable fit to both gravity and magnetic data. Assuming a modelled 
density of 3000 kgm− 3 (330 kgm− 3 above the model background) in line 
with values measured for gabbros across the Forrestal and Dufek Ranges 
(Ford and Nelson, 1972), the gravity data required a source body 5 to 7 
km thick. A thicker source would only be permissible, from a gravity 
perspective, if the intrusion had a significantly lower density, or if the 
surrounding rocks had higher density. However, observations indicate 
that while there is scatter in the measured density, the density weighted 
for the typical intrusive rock-types remains close to 3000 kgm− 3 (Ford 
and Nelson, 1972). In addition, outcropping rocks show the intrusion is 
emplaced within a sequence of meta-sedimentary units, which likely 
conform to an average crustal density of approximately 2670 kgm− 3, 
with higher background densities therefore unlikely.

It was not possible to closely match the magnetic anomalies 
assuming a single susceptibility for the entire presumed intrusive body 
required by the gravity data. To match the high amplitude and relatively 
short wavelength of the magnetic anomalies shallow and high suscep
tibility (10,000 × 10− 5 SI) material was required. We then assumed the 
deeper parts of the intrusion indicated by the gravity data had a lower, 
but not insignificant susceptibility of 1000 × 10− 5 SI. The highest sus
ceptibility values are in line with measurements of samples of the Sar
atoga Gabbro, which forms much of the outcrop in the Forrestal Range 
(Fig. 2), while the lower values could be consistent with either the 
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Saratoga or Aughenbaugh Gabbro. Assuming deeper parts of the intru
sion have lower susceptibility is in-line with the previous geological 
assumption that the lower susceptibility Aughenbaugh Gabbro exposed 
in the Dufek Massif forms the lower part of the intrusion (Fig. 2).

It is apparent from the 2D profiles that it is not always possible to 
match the peaks of the magnetic and gravity anomalies associated with 
the intrusion, while maintaining the two chosen susceptibility values 
and the high density for the intrusive body (Fig. 7). This indicates that 
local complexity, including rocks with extremely high magnetic sus
ceptibility and/or strong remnant magnetisation are present within the 
Forrestal Range. It is also apparent that the peaks in the magnetic 
anomalies are often offset to the west of the peak in the Airy isostatic 
gravity anomaly. Our model therefore has the deeper lower suscepti
bility rocks offset to the east. Although a subtle signal, this offset was 
required on all joint gravity/magnetic modelled profiles. There is no 
evidence of major positive gravity anomalies co-occurring with mag
netic anomalies west of the main Forrestal Range (Fig. 5c). The modelled 
eastward dip of the western edge of the Forrestal Range is consistent 
with that seen in outcrop where the contact was noted to dip ~45◦ to the 
southeast (Semenov et al., 2014).

Our 3D magnetic model for the wider Dufek Intrusion (Fig. 8) used 
the initial thickness and susceptibility values from the local combined 
gravity and magnetic model as a starting point. The detailed amplitude 
of every magnetic anomaly could not be matched by our simplified 
model, but the overall form and amplitude of the main magnetic 
anomalies in this region are reproduced (Fig. 8). The highest- 

susceptibility parts of the intrusion are confined to the north and east 
of the modelled structure, where in places the model required that 
almost the entire body was high susceptibility material. In some places 
our forward model placed material above the ice sheet bed, in an aim to 
match the observed anomaly (Fig. 9a). This indicates that either the bed 
elevation is incorrect, or the source has a particularly high susceptibility 
in this region. In contrast, the Dufek Massif, which is associated with 
lower amplitude anomalies, required a reduction in the maximum 
modelled susceptibility to 5000 × 10− 5 SI and is dominated by even 
lower susceptibility material (Fig. 9b), consistent with the lower 
measured susceptibility from samples of the Aughenbaugh Gabbro. It is 
also noted that no magnetic material is required in our model between 
the exposures of the Dufek Massif and Forrestal Range. Across our wider 
magnetic model we maintain a basal depth of 5 km, as we have no direct 
evidence of a significantly thicker or thinner structure.

In addition to the two main branches of the intrusion we also model a 
lower amplitude anomaly with a linear body east of the main intrusion, 
located in the region of the Support Force Glacier. As there is no infor
mation about the susceptibility of this body we arbitrarily used a value 
of 4000 × 10− 5 SI, consistent with some of the lower values measured in 
the adjacent Saratoga Gabbro (Fig. 2). With this susceptibility, the 
amplitude and wavelength of the observed anomaly could be matched 
by a source body ~1 km thick and 5 km wide, assuming the body was at 
or close to the ice-bed interface, as suggested by the depth to source 
estimates (Fig. 4). If the body was dominated by a lithology equivalent 
to the Lexington Granophyre, which is assumed to form the stratigraphic 

Fig. 5. Gravity anomaly maps. a) Airborne free air gravity anomaly map (Jones, 2020; Tinto et al., 2010, updated 2019). Contours show elevation from Bedmachine 
V2 (Morlighem et al., 2020). Blue lines mark outcropping Jurassic magmatic rocks. Red lines mark surrounding rocks, location red box in (d). b) Bouger gravity 
anomaly. c) Airy Isostatic residual gravity anomaly. d) Wider map of Airy isostatic gravity anomalies. Circles show locations of point land gravity data (Behrendt 
et al., 1974). Also note regional Operation Ice Bridge flight lines. Red box locates (a–c). Dashed line marked SFA marks magnetic Support Force Anomaly. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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cap to the wider intrusion, an even lower susceptibility may be appro
priate (~1500 × 10− 5 SI, Table 1). However, this would require a source 
body between three and five km thick, which is large compared to the 
thickness of similar caping rocks in other large intrusions such as the 
Bushveld (VanTongeren et al., 2016).

Our 3D modelling provides a preliminary estimate of the volume of 
magma emplaced within the two main lobes of the Dufek Intrusion and 
the Support Force body, shown in Fig. 8d, of ~23,715 km3. If the volume 
between the Dufek Massif and Forrestal Range bodies was occupied by 
intrusive material, the total volume would increase by ~38 % to 32,814 

Fig. 6. Results of joint 3D forward gravity and magnetic model using iGMAS+ software. Viewed looking from the southeast to the northwest. Coordinates are 
projected polar stereographic km aligned with the other maps in the paper. a) Observed Airy isostatic gravity anomaly. b) Modelled gravity anomaly. c) Observed 
magnetic total field anomaly. d) Modelled magnetic total field anomaly. e) 2D sections used to construct model. Note all rocks were assumed to have zero sus
ceptibility and density contrast aside from the indicated high and lower susceptibility bodies. f) 3D shape of modelled intrusive body, with three selected sections (A, 
B and C) shown in Fig. 7 highlighted.
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Fig. 7. Selected 2D sections used to construct the 3D model, see Fig. 6f for location. a) is grid north, b) central and c) southern. Upper panels show magnetic data and 
model, central panels show gravity data and model. Lower panels show modelled crustal structure. Note shallower high susceptibility body offset west of the deeper 
part of the modelled intrusion.
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km3. However, there is no requirement in the model, or from other 
geophysical observations, for this infilling and we therefore prefer the 
lobe model as discussed further in Section 4. Within the modelled main 
two lobed intrusion ~9685 km3 of material (~41 %) forms the upper 
high susceptibility layer, while the lower susceptibility material 
modelled to make up the lower part of the intrusion and the exposed 
Dufek Massif has a volume of ~13,483 km3 forming ~57 % of the 
intrusion. The Support Force body has a volume of ~546 km3, ac
counting for ~2 % of the total volume, assuming a susceptibility of 4000 
× 10− 5 SI. Given the acknowledged uncertainty in our visual fit of the 
model to data the total thickness of the intrusion which is modelled to be 
~6 km, could be between 9 and 3 km. This equates to an uncertainty in 
the volume calculation of ±12,000 km3. Even given the large uncer
tainty, this makes the Dufek Intrusion larger by volume than the Great 
Dyke (10,931 km3) calculated from published area and thickness esti
mates (Chaumba, 2022) and approximately equivalent in volume to the 
~24,700 km3 Stillwater complex, calculated from geophysical model
ling (Finn et al., 2020).

4. Discussion

Two end members for the structure of the Dufek Intrusion have been 
proposed. First a simple single box-like intrusion linking all outcrops, 
which differentiated and solidified before being tilted to the east e.g. 
(Ford, 1976; Semenov et al., 2014). Alternatively, the intrusion may be a 

complex superposition of distinct magmatic events, offset by numerous 
fault systems (Ferris et al., 1998). Our new data compilation and 3D 
models help to distinguish these endmembers.

The localised Airy isostatic gravity and anomaly (Fig. 4c) and 3D 
modelling of the gravity dataset (Figs. 6, 7) give no indication of a dense 
body extending west of the Forrestal Range. Therefore, at least in the 
southernmost area, the outcrops in the Dufek Masif and Forrestal Range 
are not directly linked in an E/W direction. This is consistent with the 
outcrop of sedimentary rocks east of the Forrestal Range and the steeply 
southeasterly dipping contact of the intrusion exposed at Mount Lech
ner. The separation between the branches of the intrusion is supported 
by the TDX enhancement of the magnetic anomaly margins (Fig. 3b), 
and forward models of the magnetic field (Figs. 8 and 9) which do not 
indicate or require any E/W link between the outcrops, or between the 
eastern and western branches of the intrusion, aside from in the very far 
north. The modelled eastward offset of the thick but lower susceptibility 
part of the intrusion in the Forrestal Range, compared to the highest 
susceptibility material, also supports a more complex structural model 
(Fig. 10a). In the simple box case (Fig. 10b), assuming magnetic sus
ceptibility increases upward within the intrusion, the thickest part of the 
intrusion in the east should directly correspond with the thickest section 
of highly magnetic material, which is not seen. We therefore do not 
favour a model where the Dufek Intrusion is a single tilted block, (Ford, 
1976; Semenov et al., 2014) favouring instead, two distinct main lobes, 
akin to (Ferris et al., 1998).

Fig. 8. 3D magnetic only forward model of the wider Dufek Intrusion. a) Input magnetic data. Black outline locates joint magnetic and gravity model (Fig. 6). b) 
Modelled magnetic anomaly. c) 2D sections used to construct forward model. d) 3D volume of rocks with imposed magnetic susceptibility. All other rocks in the 
model volume are assumed to have zero susceptibility. Three sections (X, Y and Z) locate selected 2D profiles shown in Fig. 9.
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Although 3D models favour distinct eastern and western branches of 
the main intrusive structure, both branches can be modelled with a 
similar higher susceptibility upper layer, consistent with the Saratoga 
Gabbro, overlaying a lower susceptibility layer (Fig. 10c and d). This 
double layered structure is required to provide an adequate fit to the 
joint magnetic and gravity model, using realistic susceptibility and 
density values (Figs. 6 and 7). We make the simplifying assumption that 
this two-layer model extends to all regions requiring extremely high 

susceptibility to fit the observed anomalies. This is supported by land 
gravity data which shows the Dufek Massif is associated with positive 
gravity anomalies of a similar magnitude to the Forrestal Range, 
consistent with a layer of dense material of similar thickness to that 
modelled in the Forrestal Range (Fig. 10a). Previous authors have sug
gested a thickness of 6.2–8.8 km for the overall intrusion based on this 
land gravity data (Behrendt et al., 1974), in line with our model results. 
If the simpler box model was correct the Forrestal Range should be 

Fig. 9. Selected 2D models used in the construction of the wider 3D magnetic only model. a) Northern model including Eastern and Western branches, and Support 
Force Glacier intrusion. Note no outcrop constrains this profile. b) Central model over exposed section of Dufek Masif and Forrestal Range. c) Profile only intersecting 
Forrestal Range outcrops.
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underlain by almost twice as much dense material and simple 2D 
modelling shows the positive gravity anomalies in the Forrestal Range 
would be twice as large (Fig. 10b).

The highest susceptibility layer is not required in the Dufek Massif, 
where material with susceptibility consistent with the exposed Augh
enbaugh Gabbro can be used to model the observed anomalies. Although 
the amplitude and strike of the magnetic anomaly changes between the 
Dufek Massif and the ice covered part of the intrusion further to the 
north (Ferris et al., 1998), there is no distinct break indicated by our 
calculated TDX enhancement (Fig. 3b). Therefore, in contrast to Ferris 
et al. (1998), we interpret the rocks exposed in the Dufek Massif as part 
of the same intrusive complex as the buried material further north. 
Although the line spacing is sparse, it appears that the eastern and 
western branches of the high amplitude anomaly do merge into a single 
feature just north of the coastline, consistent with the entire Dufek 
Intrusion, including both the Dufek and Forrestal branches, being a 
unified magmatic structure. This is supported by dating evidence which 
indicates that rocks of the Dufek and Forrestal branches crystalised 
within ~160 ka of each other (VanTongeren et al., 2020), suggesting the 
intrusion developed within a single overarching magmatic event.

Our model shows that the magnetic and gravity anomalies across the 
Dufek Massif and Forrestal Range can be created by a single mafic 

intrusive body (the Dufek Intrusion), consisting of two distinct lobes. 
Our modelling of the existing data supports the hypothesis that the 
intrusion is vertically stratified, with higher susceptibility at shallower 
levels. Our simplified model assumes two layers, but in reality, the 
intrusion is likely to show a much more complex multi-layered structure, 
but showing an overall increase in susceptibility upwards. The presence 
of a more complex structure and localised very high susceptibility is 
indicated by the extremely high amplitude magnetic anomalies, which 
can’t be matched by our forward model which limits the maximum 
susceptibility.

An additional structure east of the Forrestal Range, beneath the 
Support Force Glacier (Figs. 3 and 8) is also indicated by our data and 
modelling. Previously, the northern end of this anomaly was interpreted 
as a basement block translated from Berkner Island (Ferris et al., 1998). 
However, our updated compilation shows that this anomaly continues 
southward as a narrow (~5 km wide) linear structure, which turns 
abruptly from a N/S trend to a NW/SE trend. Such a pattern is incon
sistent with a basement block, and we therefore interpret this structure 
as an intrusive magmatic body. The structure shares the same trend as 
Forrestal Range anomalies, suggesting it formed during the same phase 
of magmatism (Fig. 3b). Additional dyke-like structures associated with 
the Dufek Intrusion are expected, given the significant extent of the 

Fig. 10. Intersecting slices of 3D intrusion model located on Fig. 3b. a) EW section of model between outcrop in the Dufek Massif and Forrestal Range. Upper panel 
shows results of simplified two body gravity model. Lower panel shows crustal section. Red lines show bodies used in simple gravity model, coloured bodies from 3D 
magnetic model. Orange lines mark intersections with longitudinal profiles. b) Alternative hypothesis for a simple tilted box intrusion on the same profile as (a) (Ford, 
1976; Semenov et al., 2014). Upper panel shows result of simplified gravity model (red body in lower panel). Note amplitude of gravity anomaly in Forrestal Range is 
almost double that in the Dufek Massif. c) Longitudinal section of the model of the Eastern branch of the intrusion. d) Longitudinal section of the model following the 
western branch of the intrusion. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Ferrar dolerite sills which are thought to be a shallow part of the same 
intrusive system. Such dykes have previously been interpreted beneath 
the Sallee Snow Field based on magnetic data (Ferris et al., 2003), 
although they are not modelled in this study as they are relatively 
indistinct in our compilation (Fig. 3a).

The proposed Support Force Intrusion is similar in width (4–10 km) 
to the Archean Great Dyke of Zimbabwe, which is a strongly linear 
layered mafic intrusion, that also presents a significant linear positive 
magnetic anomaly (Ranganai et al., 2016). Although a link with the 
Dufek Intrusion is likely, with available data it is not possible to prove 
definitively and the structure may reflect a pre-Jurassic, or a more recent 
magmatic event, following the same regional Cambrian structural grain 
exposed in the Pensacola Mountains. Further higher resolution aero
magnetic data to the north of the study area is required to resolve any 
linkage.

The linear shape of the structures forming the Dufek Intrusion and 
adjacent Support Force Intrusion indicate magmatic emplacement was 
structurally controlled. The underlying deformed Ross age meta- 
sediments seen in the southern Pensacola Mountains broadly share the 
same ~N/S structural grain as the Forrestal Range, suggesting this is the 
dominant structural control. However, the Dufek Massif shows a switch 
to a NNE/SSW trend, which is approximately parallel to the Jurassic 
Pagano Shear Zone separating East Antarctica from the provinces of 
West Antarctica which were tectonically active more recently (Jordan 
et al., 2013). The Pagano Shear Zone is thought to have accommodated 
~500 km of strike slip motion and is dated to ~178 Ma by an elongated 
granite emplaced within it (Jordan et al., 2013), however, the corre
spondence with the strike of the Dufek Massif part of the intrusion 
suggests this structural grain, and potentially the Pagano Shear Zone 
itself, was present at ~182 Ma. In contrast to the Dufek Massif region the 
Support Force Intrusion shows a N/S trend with a turn to the NW/SE, 
indicating magma further inboard within East Antarctica was experi
encing a different pattern of structural control and/or structural 
inheritance.

Layered intrusions in other regions globally are interpreted to have 
been fed from deep-seated magma sources, exploiting crustal weak
nesses, before spreading laterally in the upper crust. Such feeder zones 
are typically imaged by gravity data, for example in the Bushveld 
Complex three potential feeders >15 km deep formed of dense, but 
relatively low magnetic susceptibility material, are modelled (Cole et al., 
2021). In the Bushveld Complex, such feeders are sourced from deep 
magmatic staging chambers, which are intersected by major crustal 
scale faults, providing pathways for magma flow to shallow levels (Cole 
et al., 2024). This is similar to the Mesoproterozoic Duluth Complex, a 
major component of the US Midcontinent Rift System, where feeders 
extending to >20 km depth and bounded by a major fault system are 
recognised (Peterson et al., 2023). Gravity data over the Great Dyke in 
Zimbabwe also indicates a central feeder zone extending to depths of 6 
to 10 km, giving the intrusion a trumpet-shaped form (Wilson, 1996). 
Within our datasets and models the lack of comprehensive gravity data 
coverage means we cannot provide definitive evidence for a feeder zone. 
The modelled thickening of the Forrestal part of the intrusion (Fig. 7a) 
could point to this type of structure. However, as the Dufek Massif and 
Forrestal Range branches appear to merge into a single magnetic feature 
in the north it is proposed that this is the most likely location of the main 
conduit to the deeper magmatic system. This location is also proximal to 
the Pagano Shear Zone (Fig. 1), a major crustal fault system which may 
have facilitated magma flow towards the surface. We propose that 
magma reaching mid to upper crustal levels along the Pagano Shear 
Zone then likely intruded to the south, forming the observed main two- 
lobed structure and smaller associated dykes.

The distinct susceptibility indicated by our models for the upper and 
lower parts of the intrusion could reflect either fractional crystallisation 
of a single magmatic pulse, or multiple phases of magmatic emplace
ment, within a broader magmatic event. We favour the latter hypothesis 
as longitudinal profiles through the model of the intrusion show the 

Aughenbaugh Gabbro of the Dufek Massif lies beside, as well as beneath 
the higher susceptibility material to the north, rather than presenting a 
simple vertically layered structure (Fig. 10c and d). Dating evidence also 
suggests that, although close in age, the rocks of the Dufek Massif are 
slightly younger, crystallising ~160 ka after those in the Forrestal range 
(VanTongeren et al., 2020). This appears to contradict the suggestion 
that the higher susceptibility rocks formed from crystallisation of a later 
stage residual melt, as the lower susceptibility part crystalised later. The 
formation of layered intrusions through interaction of multiple intrusive 
phases in the same location, rather than simple solidification of a single 
large intrusion, is also becoming accepted following more detailed 
studies of other large intrusions such as the Bushveld Complex (Scoates 
et al., 2021). An alternative model where the difference in zircon age is 
associated with the slow rate of cooling of a single large body, meaning 
the zircon saturation temperature was reached later deeper within the 
large intrusion, is also a possibility.

5. Conclusions

Digital enhancement and 3D modelling of magnetic and gravity data 
suggest that the Jurassic Dufek Intrusion in Antarctica has a volume of 
~23,000 km− 3 making it amongst the largest in the world, but smaller 
than the Bushveld Intrusion of southern Africa. It is composed of two 
main lobes, 120 to 180 km long, with no geophysical evidence of cross 
linking, aside from in the very far north.

Modelling suggests over 50 % of the intrusion is formed of a lithology 
with a susceptibility consistent with outcrops in the Dufek Massif, while 
~40 % of the intrusion is formed by rocks with anomalously high sus
ceptibility consistent with those rocks exposed in the Forrestal Range. 
The similarity between the two lobes in our 3D model, and lack of 
distinct offset in magnetic signatures between the Dufek Massif and 
areas to the north, leads us to prefer a model where both lobes were 
created by the same overarching magmatic event. However, the differ
ence in modelled susceptibility and the geometry of this variability leads 
us to suggest that at least two pulses of magmatism with differing 
geochemistry occurred, consistent with contrasting dates for different 
parts of the intrusion.

We identify an additional adjacent ~70 km long linear magnetic 
feature, modelled to be a body 1–2 km thick and 4–5 km wide, which 
may form part of the same magmatic system, but is now buried beneath 
the Support Force Glacier. This approximately parallel structure is of a 
similar width to the Great Dyke within the Zimbabwe Craton (Ranganai 
et al., 2016), and may reflect a feeder for the wider Ferrar magmatic 
province. Tracing this structure to the north and southeast with future 
high resolution aerogeophysical surveys would help confirm if this is a 
Jurassic structure, and if so, did it act as a feeder linking the Dufek 
Intrusion to the wider Ferrar magmatic system.
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