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Tectonic and magmatic patterns in the Jutulstraumen rift (?) region, East
Antarctica, as imaged by high-resolution aeromagnetic data
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The Jutulstraumen ice stream in western Dronning Maud Land may conceal a Jurassic continental rift. Delin-
eating the geometry and the magmatic patterns of this inferred glaciated rift in East Antarctica is important to im-
prove our understanding of the regional tectonic and magmatic processes associated with Gondwana break-up. A
high-resolution aeromagnetic survey provides new insights over the largely buried tectonic and magmatic patterns
of the Jutulstraumen area. Prominent NE-SW oriented aeromagnetic trends are detected over the Jutulstraumen.
These trends delineate major inherited structural boundaries, active in Grenvillian (about 1.1 Ga) and Pan-African
times (about 500 Ma), which appear to strongly control the location of the later Jurassic rift. The postulated east-
ern flank of the rift is marked by a broad positive anomaly over H. U. Sverdrupfjella. Buried Grenvillian age
rocks may be the source of the long-wavelength anomaly. However, the higher frequency components correlate
with granitoids of late Pan-African age. The inferred western flank of the rift features short-wavelength anoma-
lies over the Borgmassivet and Ahlmannryggen areas, indicating a considerably greater extent of mid-Proterozoic
tholeiitic sills than apparent in outcrop. In contrast, aeromagnetic signatures suggest that alkaline plutons, which
relate to Jurassic rifting, are restricted to outcrop areas along the eastern rift flank. The prominent magnetic low
over the Jutulstraumen indicates either a largely amagmatic rift, or perhaps subglacial sediments within the rift
basin.
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1. Introduction
Aeromagnetic surveys are essential for geological inves-

tigations over Antarctica because extensive ice cover of-
ten hinders direct observation of key structural and mag-
matic elements. Consequently, a significant amount of re-
connaissance aeromagnetic data have been collected over
the Antarctic during the last 40 years and have con-
tributed towards understanding a variety of regional tec-
tonic provinces within the continent (Golynsky et al., 2001;
Golynsky et al., 2003). For example, several regional aero-
magnetic surveys have imaged tectonic and magmatic pat-
terns concealed beneath glaciated continental rifts of Ceno-
zoic age in West Antarctica (Blankenship et al., 1993;
Behrendt et al., 1996; Behrendt, 1999). Regional aeromag-
netic investigations have also been successful in delineating
Early Paleozoic inherited crustal features along the flanks
of the West Antarctic Rift System (Ferraccioli and Bozzo,
1999; Finn et al., 1999; Ferraccioli et al., 2002a, b). Typi-
cally aeromagnetic surveys flown in Antarctica over the last
decade have flight-line spacing of 5 km. However, higher-
resolution aeromagnetic surveys are still in an early stage
over Antarctica, compared to other continents. Only one
high-resolution survey (line spacing 500 m) has been flown
in West Antarctica for the Cape Roberts Drilling Project
(Bozzo et al., 1997). This survey imaged faults and intru-
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sions of the Ross Sea Rift margin with unprecedented de-
tail compared to previous regional surveys (Ferraccioli and
Bozzo, 2003), demonstrating the utility of higher resolution
aeromagnetic surveying for rift studies over Antarctica.

We present magnetic anomaly images derived from a
high-resolution (1 km line spacing) aeromagnetic survey
over the Jutulstraumen rift area, in western Dronning Maud
Land (Fig. 1). This high-resolution aeromagnetic survey
was part of the “Magmatism as a Monitor of Gondwana
break-up” project (MAMOG) of the British Antarctic Sur-
vey, which included new geochemical investigations, struc-
tural geology, geochronology, and AMS studies over west-
ern Dronning Maud Land. By providing new constraints
on the magmatic and structural context of the Dronning
Maud Land margin, this multi-disciplinary project aims to
re-address the mantle processes responsible for the gener-
ation of the Karoo Large Igneous Province, and the ini-
tial break-up of Gondwana. Previous structural and petro-
logical investigations in western Dronning Maud Land
(Fig. 1) indicated that the Jutulstraumen ice stream (Hoy-
day, 1996) could conceal a branch of a Jurassic-age rift sys-
tem (Grantham and Hunter, 1991; Grantham, 1996). The
inferred rift relates either to “active rifting” processes, in-
volving the mantle plume, which generated the Jurassic
Karoo Large Igneous Province in Africa and in Antarctica
(Cox, 1992; Riley et al., 2005), or it could represent a “pas-
sive rift” unrelated to the plume. In either end-member
scenarios, the inferred rift could potentially have exploited
an older lithopsheric boundary between an Archean Cra-
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Fig. 1. Major tectonic provinces over the Jutulstraumen and adjacent
Pencksökket areas in western Dronning Maud Land (wDML), East
Antarctica. Note the topographic troughs in our study area, which have
been suggested to be Jurassic rifts (Grantham and Hunter, 1991). Also
note the Jurassic flood basalts and the Jurassic intrusions. RSR (see in-
set) denotes the Cenozoic Ross Sea Rift, part of the West Antarctic Rift
System.

Fig. 2. Cartoon illustrating a possible ultra-tight fit of East Antarctica and south-east Africa in the Jurassic (Cox, 1992). In this configuration, the inferred
Jurassic Jutulstraumen rift in East Antarctica is co-linear with the Cretaceous western branch of the East African Rift System, in Africa (Grantham and
Hunter 1991). The huge volumes of Jurassic Karoo volcanics in Africa preceded the later formation of oceanic crust in offshore Dronning Maud Land,
at about 155 Ma, marking the early stages of Gondwana break-up (Jokat et al., 2003). Also note the Jurassic Botswana-Okavango dyke swarm in south
Africa (Reeves, 2000; Marsh, 2002).

ton (the Grunehogna Province) and a Proterozoic to Early
Paleozoic mobile belt known as the Maudheim Province
(Groenwald et al., 1991). The location of faults bounding
the inferred Jurassic rift and their relation to inherited litho-
spheric boundaries, remained however poorly constrained
prior to our aeromagnetic study. Nevertheless, Grantham
and Hunter (1991) suggested that prior to Gondwana break-
up (Martin and Hartnady, 1986; Cox, 1992; Tikku et al.,
2002; Jokat et al., 2003) the inferred Jutulstraumen rift
could have been connected to the western branch of the East
African Rift System (Fig. 2). We show that high-resolution
aeromagnetics provides a powerful geophysical tool to im-
age the extent of the subglacial rift in East Antarctica.

A compilation of previous regional Russian aeromag-
netic data over western Dronning Maud Land imaged the
Pencksökket branch (Fig. 1) of the inferred Jurassic rift sys-
tem, while the coverage over the Jutulstraumen was less
complete (Golynsky et al., 2000a, b; Golynsky et al., 2002).
Our magnetic anomaly images provide a new and more de-
tailed means to explore the tectonic and the magmatic pat-
terns further north over the Jutulstraumen rift. These im-
ages also allow us to delineate the major inherited struc-
tures, within the Maudheim Province, which controlled the
location of the later Jurassic continental rift and played an
important role in localising the Jurassic alkaline intrusions.
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Fig. 3. Simplified geological map for the Jutulstraumen region (modified from Grantham, 1996). The black rectangle shows the area of the
high-resolution aeromagnetic survey.

2. Geological Framework
The Pencksökket and the Jutulstraumen glaciers may

conceal a buried lithospheric boundary between an Archean
to mid-Proterozoic cratonic fragment, known as the Grune-
hogna Province (Fig. 1), and the mid-Proterozoic to Cam-
brian Maudheim Province (Groenwald et al., 1991; Moyes
et al., 1993a; Groenwald et al., 1995). The Archean
granites of the Grunehogna Province outcrop in the An-
nandagstoppane (Fig. 3) area (Barton et al., 1987; Groen-
wald et al., 1995). The overlying mid-Proterozoic Ritscher-
flya Supergroup consists of relatively undeformed sedimen-
tary and volcanogenic rocks of the Ahlmannryggen and
Jutulstraumen groups (Wolmarans and Kent, 1982). The
Ritscherflya Supergroup is intruded by tholeiitic sills and
dykes of the Borgmassivet Intrusives (Wolmarans and Kent,
1982). The age of the tholeiites is not well constrained, but
lies within the Mid- to Late Proterozoic age range. These
tholeiitic rocks may be coeval (Groenwald et al., 1991) with
the Umkondo large igneous province of southern Africa
(1.1 Ga: Hanson et al., 1998). The Ritscherflya Supergroup

also includes the Straumsnutane Formation, consisting of
andesitic lava flows with minor pyroclastics and sediments
(Wolmarans and Kent, 1982). These 800 Ma (?) andesites
are more than 860 m thick, and close to the western mar-
gin of the Jutulstraumen glacier, they appear to be intensely
sheared (Wolmarans and Kent, 1982).

Within the Maudheim Province the Sverdrupfjella Group
includes two lithostratigraphic assemblages: amphibolite
facies calc-alkaline metavolcanic rocks to the west and fur-
ther to the east granulite facies para- and ortho-gneisses
(Grantham et al., 1988; Groenwald et al., 1991, 1995).
These Grenvillian age rocks (1.2–1 Ga) were intruded
by Pan-African age granites, which include the A-type
Brattskarvet suite (∼= 520 Ma) and the S-type, syntectonic
Dalmatian Granite (∼= 470 Ma) (Grantham et al., 1991;
Moyes et al., 1993b).

The structural architecture of H. U. Sverdrupfjella is
characterised by thrust faults (Allen, 1991). A major NE-
SW oriented thrust fault (Fig. 3) separates the inferred base-
ment complex from the cover rocks to the east (Allen,
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Fig. 4. a) Surface topography of the Jutulstraumen region and high-resolution aeromagnetic survey lines (black). Black outline delineates outcrop, the
thick white line is the coastline. Contour lines are shown in white, and contour interval is 100 m; b) Bedrock topography map derived by combining
our new airborne and previous radio echo-sounding data over the region (from Ferraccioli et al., in press). Aeromagnetic survey lines are shown in
white. Note the deep subglacial trench beneath the Jutulstraumen ice stream, which may represent a rift valley. A sub-parallel rift? valley lies west of
our aeromagnetic survey area.

1991). The inferred basement complex is intensely de-
formed and includes ortho-gneiss and para-gneiss (Allen,
1991). The cover sequence is characterised by abundant
para-amphibolites, with rare meta-intrusive rocks. Thrust
faults have also been inferred beneath the NW-SE tributary
glaciers (Fig. 4(b)), which subdivide the range (Allen, 1991;
Grantham et al., 1995). Thrusting may have occurred dur-
ing both Grenvillian and Pan-African times (Grantham et

al., 1995; Groenwald et al., 1995). At 520 Ma, the struc-
tural boundary between the Grunehonga Province and the
Maudheim Province may have been reactivated as a major
left-lateral transpressive fault system, possibly also caus-
ing the Pan-African age thrusting (Allen, 1991; Perritt and
Watkeys, 2003).

Continental flood-basalts of the Jurassic age (Figs. 1
and 2) outcrop in the Kirwanveggen, Heimefrontfjella
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Fig. 5. Reduced to the pole aeromagnetic anomaly map. White lines show the prominent NE-SW to NNE-SSW magnetic lineaments. Dashed white lines
indicate the NW-SE trend of the Straumsvola-Tvora anomaly. Major crustal blocks are readily apparent from the map. Many high-frequency magnetic
trends can also be recognised, especially over the Borgmassivet and Ahlmannryggen blocks, along the western flank of the inferred Jutulstraumen
rift.

and Vestfjella (Kirwanveggen Formation), and have been
viewed as an Antarctic extension of the voluminous Ka-
roo Large Igneous Province (Harris et al., 1990; Duncan
et al., 1997; Luttinen and Furnes, 2000). These rocks
may record the initiation of lithospheric extension in west-
ern Dronning Maud Land, focussed along the inferred
margins of the Grunehonga craton (Luttinen and Furnes,
2000). In H. U. Sverdrupfjella there are no outcrops of
these flood-basalts, but two Jurassic alkaline intrusions,
the Straumsvola nepheline syenite complex and the Tvora
quartz syenite, may relate to inferred crustal extension in
the Jutulstraumen rift (Harris and Grantham, 1993). The
Sistefjell syenite is located along the south-western flank of
the Jutulstraumen glacier, which may be underlain by a sep-
arate branch of the inferred rift (Figs. 2 and 3). The 173±2
Ma Sistefjell syenite intrudes a sheet of massive trachytic
basalt of unknown age (Harris, 1995; Knoper et al., 1997).

Intrusion of N-S to NE-SW oriented Jurassic dykes, pre-
dates and post-dates the Straumsvola complex (Grantham
and Hunter, 1991; Grantham, 1996), dated at 178±2 Ma
(Grantham et al., 2001). Small Jurassic dolerite dyke
swarms, perhaps related to the inferred Jutulstraumen rift,
are relatively common throughout the entire region (Harris
et al., 1991; Riley et al., 2005).

The age of extensional faulting in the inferred Jutulstrau-
men and Pencksökket rifts is uncertain. Faulting in the
Pencksökket segment of the rift appears to post-date the
Jurassic volcanism (Grantham and Hunter, 1991). Apatite-
fission track data over Heimenfrontfjella (Fig. 1) have been
interpreted to indicate that flexural uplift and denudational
cooling, related to the inferred crustal extension, occurred
later at c. 100 Ma (Jacobs and Lisker, 1999).

3. Aeromagnetic Survey
3.1 Data acquisition

A British Antarctic Survey Twin Otter and survey team
acquired 15,500 line-km of aeromagnetic data during the
2001/02 Antarctic field season along a 1-km line spacing
grid with tie-lines 8 km apart (Figs. 4(a)–(b)). Twenty-five
flights were flown from the South African base SANAE
(Fig. 1), for a total of 100 survey hours. Aerogravity
data were acquired simultaneously and airborne-radio echo
sounding data were collected for 5 flights, to image ice-
thickness and bedrock configurations (Fig. 4(b)). The re-
sults of the aerogravity investigation will be reported else-
where (Ferraccioli et al., in press). The aeromagnetic data
were acquired at a constant barometric altitude of 2600 m.
This provided a terrain clearance of 100 m over the high-
est peaks. The choice of a barometric survey mode was a
compromise for the acquisition of reliable aerogravity data.

Geomagnetic activity prior to and during the survey was
monitored with a Geometrics base station set up at the
SANAE (Fig. 1), and acquired data at a 30 second sampling
rate. Survey flights took place when a relatively “quiet”
magnetic field could be expected (i.e. variations were typ-
ically less than 20 nT along a line) and ensuring that fil-
tered diurnal variations could be subtracted from the raw
magnetic data during the subsequent aeromagnetic data pro-
cessing. A GPS receiver (Ashtech Z-12) was used as a
base station to allow for differential corrections to be ap-
plied to the positioning data. Optically pumped Cesium
magnetometers (Scintrex Cs-2) were installed in wing-tip
configuration, with a sampling rate of 10 Hz. A GPS re-
ceiver (Ashtech Z-12) supplied the pseudo range data to the
Picodas navigation system.
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Fig. 6. a) Detail contour aeromagnetic anomaly map over the Straumsvola
and Tvora regions, close to the inferred eastern flank of the Jutulstrau-
men rift. Stars and inverted triangles indicate relative maxima and min-
ima of the anomalies respectively. White outline shows outcrop areas of
the Jurassic alkaline intrusions of Straumsvola and Tvora (Harris and
Grantham, 1993). Dotted white line indicates the inferred extent of
the alkaline complexes (Curtis et al., 2003). Orange outline indicates
outcrop areas of the H. U. Sverdrupfjella basement complex (Allen,
1991). Note the sharp NNE and NW-SE edges of the Straumsvola-Tvora
anomaly complex; b) First vertical derivative anomaly map enhancing
discrete peaks within the Straumsvola-Tvora anomaly complex and sug-
gesting the existence of several ice-covered intrusions.

3.2 Data processing
After initial quality control in the field the aeromagnetic

data were edited and de-spiked. Magnetic compensation
procedures for aircraft motion were then performed, and
heading corrections were applied. The positional data were
recovered using carrier-phase, continuous, kinematic GPS
processing techniques (Mader, 1992). The IGRF 2000 co-

efficients were used to calculate the reference field values
for each flight at the respective survey altitude. These val-
ues were then subtracted from the total field measurements.
Magnetic time variations were corrected using low-pass fil-
tered (30 minute) magnetic base station recordings. Stan-
dard deviations at cross-overs between profiles and tie lines
were reduced from to 22.9 nT to 13 nT after base station
correction. The second step in removing diurnal variation
was done by minimizing the differences at the intersec-
tions of profile and tie lines. This was achieved with it-
erative “statistical levelling” using the program GEOSOFT-
OASIS. Microlevelling in frequency domain was then ap-
plied to reduce residual flight line-related corrugation (Fer-
raccioli et al., 1998). The overall errors at line intersections
were reduced to 1.5 nT after the complete levelling pro-
cess. The resulting magnetic anomaly data were gridded
using the “random gridding” minimum curvature routine of
the GEOSOFT program (Briggs, 1974). The grid mesh was
250 m × 250 m, i.e. equal to 1/4 of the line spacing. The
gridded dataset was then reduced to the pole to produce a
1:250,000 magnetic anomaly map. A reduced version of
the map is displayed in Fig. 5.

4. Aeromagnetic Anomalies of the Jutulstraumen
Region

The shaded relief aeromagnetic anomaly map (Fig. 5) im-
ages a prominent NE-SW striking magnetic low over the
inferred Jutulstraumen rift (Grantham and Hunter, 1991;
Grantham, 1996). This linear magnetic low contrasts with
the broad magnetic high over the H. U. Sverdrupfjella
block, marking the inferred eastern flank of the rift. The
magnetic low over the inferred Jutulstraumen rift also con-
trasts with the high-frequency pattern, including positive
and negative magnetic anomalies, of the Borgmassivet and
the Ahlmannryggen blocks. This area marks the postulated
western flank of the rift. Two discrete positive anomaly
complexes are located along the eastern and western side
of the inferred Jutulstraumen rift: the Straumsvola-Tvora
anomaly complex and the Straumsnutane anomaly. At least
five major magnetic lineaments with a NE-SW to NNE-
SSW trend (L1–L5) and a N-S trend (L6) can be defined
from sharp magnetic gradients on the magnetic anomaly
map over the inferred Jutulstraumen rift region.

In the following sections we analyse the magnetic
anomalies in further detail by correlating the observed pat-
terns with geology and published magnetic susceptibility
measurements, where available. We start by examining
magnetic signatures over the inferred Jurassic rift and then
move to the postulated eastern and western flanks of the rift.
4.1 Inferred Jutulstraumen rift

The magnetic anomaly pattern over the inferred Jutul-
straumen rift valley (Fig. 4(b)) is relatively featureless
(Fig. 5). In the southern part of the survey area, a narrow,
about 10 km wide, magnetic minimum exhibits a peak am-
plitude of −80 nT. The minimum is flanked by two elon-
gated magnetic highs with amplitudes of 60 nT (anomaly
A) and 80 nT (anomaly B) respectively. In contrast, the
northern part of the survey area features a broader magnetic
low, approximately 55 km wide and with peak amplitude
of −120 nT. There are no outcrops within the areas of the
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Fig. 7. a) Detail contour aeromagnetic anomaly map over the H. U. Sverdrupfjella region, along the eastern flank of the inferred Jutulstraumen rift. The
high-frequency anomaly peaks super-imposed upon the broad H. U. Sverdrupfjella anomaly coincide with outcrops of the Dalmatian Granite, which
is outlined in grey (Grantham et al., 1991). Black and blue outlines indicate outcrop areas of the H. U. Sverdrupfjella basement and cover rocks
respectively. Other rock outcrop areas as in Fig. 6. Inferred NW-SE and NE-SW thrust faults from Allen (1991); b) Upward continued aeromagnetic
anomaly map at a 10 km level. Note the long-wavelength component of the H. U. Sverdrupfjella anomaly, the sharp NE-SW oriented magnetic
lineament L5 flanking the anomaly and the NW-SE trend of the Straumsvola-Tvora anomaly complex.

southern and northern magnetic minima. Hence correlation
with surface geology is not possible. One possibility is that
the minima reflect reversely magnetized rocks, e.g. Juras-
sic basalts of the Kirwanveggen Formation (Figs. 1 and 3),
flooring the rift basins. However, rock magnetic measure-
ments available so far over Jurassic basalt outcrops, further
to the south over the Kirwanveggen, do not appear to sup-
port this hypothesis (Sergeyev, 2000). No regional magnetic
low has been previously detected over the Kirwanveggen
Formation basalts (Golynsky et al., 2000a, b). An alterna-
tive hypothesis is that these magnetic minima may be imag-
ing subglacial sediments within discrete structural basins of
the inferred Jutulstraumen rift. This hypothesis is attractive
because linear aerogravity lows appear to mark these aero-
magnetically defined basins (Ferraccioli et al., in press).

Magnetic anomaly A overlies the Viddalskollen, Nashor-
net, Nashorn-Kalvane nunatak group. These nunataks are
formed of massive dioritic sills of the mid-Proterozoic
Borgmassivet Intrusive suite, which is more extensively ex-
posed in the Borgmassivet. Magnetic anomalies A, B and
C are therefore interpreted as revealing the extent of base-
ment horsts within the inferred rift. The reduced amplitude
of the anomalies (e.g. anomaly A) compared to those over
the Borgmassivet may reflect increased distance to source
(since the topography is higher over the mountains flanking
the Jutulstraumen than over the valley itself, see Fig. 4(a)).

4.2 Eastern flank of the Jutulstraumen
The Straumsvola-Tvora magnetic anomaly complex is

located at the eastern edge of the inferred Jutulstraumen rift
(Fig. 5). It can be directly correlated with the Straumsvola
and Tvora alkaline complexes of Jurassic age (Harris and
Grantham, 1993). The detailed contour map superimposed
on the geological sketch of the area (Fig. 6(a)) shows a dis-
crete 308 nT peak over the Storjoen nunatak, and a lower
amplitude peak (280 nT) close to the Straumsvola outcrop.
The Tvora nunatak is marked by a distinct 271 nT anomaly
peak. To enhance the higher-frequency components of the
Straumsvola-Tvora anomaly complex we computed a first
vertical derivative map for the area (Fig. 6(b)). This map
displays at least six individual peaks related to shallow-
source magnetic anomalies. The derivative map suggests
that several intrusions may lie beneath the ice cover in the
Straumsvola and Tvora areas. High mean magnetic suscep-
tibilities (26 10−3 SI units) have been measured on outcrops
of the Straumsvola nepheline syenite complex (Sergeyev,
2000), suggesting that these alkaline rocks are indeed the
source of the observed anomaly.

The Straumsvola-Tvora magnetic anomaly complex has
sharp NNE and NW-SE edges. Surprisingly, the major axis
of the magnetic anomaly complex trends NW-SE, i.e. al-
most perpendicular to the trend of the inferred Jutulstrau-
men rift.
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Fig. 8. Detail contour aeromagnetic anomaly map over the Straumsnutane
region along the northwestern flank of the Jutulstraumen. Red outline
shows outcrops of the Straumsnutane Formation. Note that the main
anomaly lies east of the outcrop areas. White line is the NE-SW oriented
magnetic lineament L1.

The H. U. Sverdrupfjella anomaly is located east of the
Straumsvola-Tvora complex. The high-amplitude positive
anomaly contrasts with the magnetic low over the adjacent
Jutulrøra region. The contour map (Fig. 7(a)) reveals dis-
tinct high-frequency peaks that are superimposed upon the
broad, 40 km wide, regional magnetic anomaly. One dis-
crete 303 nT peak at Fuglefjellet overlies outcrops of the
470 Ma old Dalmatian Granite (Grantham et al., 1991).
Similar peaks are detected over Gordonnuten, where the
Dalmatian Granite also outcrops. Grantham et al. (1991)
reported that these granites are biotite rich and include
magnetite-bearing varieties. Hence, although susceptibil-
ity measurements are currently lacking, these rocks are po-
tential sources for the shorter-wavelength anomalies. Some
of the high-frequency anomalies trend NW-SE to NNW-
SSE, i.e. parallel to the thrust faults underlying the tributary
glaciers, which were inferred by Allen (1991).

The long-wavelength component of the H. U. Sverdrupf-
jella anomaly is enhanced in the upward continued map
(10 km) displayed in Fig. 7(b). In this presentation the
NW-SE anomaly trends, which are presumably of shallower
origin, disappear. However, the major NE-SW magnetic
gradient (L5) located between Roerkulten and Jutulrora is
enhanced. The NE-SW magnetic lineament is parallel to
the trace of the major northwest verging thrust fault in-
ferred by Allen (1991), suggesting it may relate to the thrust
front itself. The long-wavelength character of the Sver-
drupfjella anomaly implies that the sources of the anomaly
are likely to be deep-seated. Hence the causative mag-
netic bodies may not necessarily correlate with surface ge-
ology. It appears however that the Grenvillian age Roerkul-
ten granite coincides with the western edge of the broad
magnetic anomaly. Grenvillian age meta-granitoids can be
hypothesised as being the source of the anomalies. How-
ever, magnetic properties for the Roerkulten granite have
not been measured to test this hypothesis. Only 14 samples
of the Sverdrupfjella Group have been measured (Sergeyev,
2000). The ortho- and paragneisses have susceptibility val-
ues in the range 0.2 to 4.0 10−3 SI units, with the or-

thogneisses being generally more highly magnetic (table 1
in Sergeyev, 2000). Even these higher susceptibility val-
ues are too low to account for the observed high-amplitude
regional magnetic anomaly over H. U. Sverdrupfjella. A
similar magnetic anomaly further south over Kirwanveggen
(Fig. 1), has been previously modelled as caused by a 10
km thick and highly magnetic (80 10−3 SI units) crustal
slab, dipping at shallow angle to the south, and related to
thrusting within the Maudheim Province (Corner, 1994).
Very high-magnetic susceptibities have been measured in
the Kirwanveggen areas (30 to 447 10−3 SI units). These
values are not restricted to metabasites or amphibolites, but
were also observed over leucocratic rocks, with abundant
coarse-grained magnetite (Corner, 1994).
4.3 Western flank of the Jutulstraumen

The Straumsnutane anomaly complex is located along
the northwestern flank of the Jutulstraumen (Fig. 5).
The contour map reveals three discrete peaks within this
anomaly complex (Fig. 8). The observed amplitudes
are much higher (up to 889 nT) than over the Jurassic
Straumsvola and Tvora anomaly complex (308 nT see
Fig. 6(a)). However, minimum distance-to source is greater
over the Straumsnutane than over Straumsvola (2 km vs.
1.5 km). Outcrops of the Straumsnutane Formation are
located at the western edge and to the north of the sur-
vey area. Some samples of these andesites are magnetic.
Mean susceptibilities of 9.97 10−3 SI units have been
measured over these rocks (Wolmarans and Kent, 1982).
However, unless the thickness of the andesites is in ex-
cess of several km, these rocks are unlikely to account
for the very high-amplitude anomaly we observed. Spec-
ulatively, the Straumsnutane anomaly complex could mark
thick intrusives, (e.g. buried arc plutons) related to these
andesites. However, we suggest that more highly mag-
netic and likely more mafic Jurassic intrusions, compared
to the Straumsvola and Tvora complexes, are the sources
of the Straumsnutane magnetic anomaly complex. High-
amplitude aeromagnetic anomalies (as high 1500 nT) have
been previously detected (at comparable flight elevations)
over Jurassic tholeiitic gabbro intrusions at Utpostane and
Muren (Luttinen et al., 1994; Golynsky et al., 2000a) in
Vestfjella (Fig. 1). We infer that highly-magnetic gabbro
could be buried in the Straumsnutane region. Preliminary
airborne gravity data suggests the presence of a discrete
high-amplitude positive gravity anomaly over the region,
suggesting the presence of a dense body beneath Straum-
snutane (Ferraccioli et al., in press). The aerogravity ev-
idence is therefore consistent with our preferred aeromag-
netic hypothesis for a buried Jurassic gabbro intrusion.

The Straumsnutane magnetic anomaly complex is lo-
cated along a NE-SW trending magnetic lineament (L1
in Figs. 5 and 8). Notably, this magnetic lineament lies
parallel to a strong planar fabric mapped over Straumsnu-
tane with a NE-SW strike and steep dip to the E (Watters,
1972). Grantham and Hunter (1991) noted that the Stram-
snutane fabric presents opposing dip directions to the W
dipping joints over H. U. Sverdrupfjella, which may be
consistent with a rift shoulder interpretation for these two
areas (Ravich and Solov’ev, 1966). Perritt and Watkeys
(2003) suggested that larger scale structural fabrics over
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Fig. 9. a) Detail contour aeromagnetic anomaly map over the Borgmassivet region. Blue outline indicates outcrop areas of the Ahlmannryggen and
Jutulstraumen Groups of the Ritscherflya Supergroup (Wolmarans and Kent, 1982). The aeromagnetic patterns delineate the largely ice-covered
extent of the 1.1 Ga (?) Borgmassivet tholeiitic sills in this area; b) First vertical derivative map enhances the high-frequency trends (white lines)
within the magnetic anomaly pattern. These trends (e.g. T1, T2 and T3) are interpreted as delineating faults displacing the mid-Proterozoic sill
complexes of the Borgmassivet areas, consistent with the geological interpretation of the subglacial morphology derived from radio-echo sounding
data (Wolmarans and Kent, 1982).

the Straumsnutane likely relate to a regional-scale sinistral-
strike slip fault zone of Cambrian age, probably extending
from Straumsnutane to the Borgmassivet. Magnetic linea-
ment L1 is interpreted as delineating this putative Cambrian
strike-slip fault zone. However, clear magnetic markers
to determine possible horizontal offsets are lacking. Per-
ritt and Watkeys (2003) argued that cumulative Cambrian
strike-slip offsets are regionally significant, since they lie
within the 90 km to 300 km range.

The Borgmassivet area in the southwestern corner of the
survey area (Fig. 9(a)) is characterised by high-frequency
magnetic anomaly patterns. The anomalies have wave-
lengths of approximately 5 km and peak amplitudes in
the range of −120 to +150 nT. Magnetic susceptibility

measurements (table 1 in Sergeyev, 2000) reveal that the
mid-Proterozoic tholeiitic sills of the Borgmassivet Intru-
sives are on average highly magnetic (14.2 10−3 SI) in
contrast to the weakly magnetic (values close to 0) meta-
sedimentary rocks of the Ritscherflya Supergroup. The
magnetic anomaly pattern suggests that these dolerite sill
complexes are much more extensive than is apparent in
outcrop. The first vertical derivative map over the area
(Fig. 9(b)) enhances the trends within the high-frequency
Borgmassivet anomaly pattern. At least three magnetic
trend orientations can be recognised: NNW-SSE (T1),
N-S (T2) and WNW-ESE (T3). These magnetic trends
may delineate buried faults, displacing the sill complexes,
which have been inferred to differentially tilt and uplift the
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Fig. 10. Aeromagnetic anomaly image over the Jutulstraumen from the ADMAP compilation (Golynsky et al., 2001). White lines indicate the
reconnaissance survey flight lines used to compile the map. Aeromagnetic lineaments as derived from our higher resolution dataset are shown as bold
white lines for comparison (see Fig. 5).

Fig. 11. Structural elements map derived by superimposing a geological sketch over the new high resolution aeromagnetic anomaly image and
interpretation. The map shows the major tectonic blocks we delineated, namely the H. U. Sverdrupfjella Block, the inferred Jutulstraumen rift and
the Borgmassivet/Ahlmannryggen block. Second order blocks include the Jutulrøra and the Straumsnutane blocks, and the horst blocks within the
inferred rift. Magnetic lineament L1 correlates with the inferred position of a major inherited sinistral strike-slip fault of Cambrian age along the
western flank of the Jutulstraumen rift (Perritt and Watkeys, 2003). A subtle magnetic gradient defines the western edge of the Straumsnutane block.
Lineament L5 is located along the eastern flank of the Jutulstraumen rift and lies parallel to the major inherited Grenvillian-age thrust front (Allen,
1991). Red lines show the interpreted step along the eastern margin of the Jutulstraumen rift. Note the N-S oriented dyke dilation at 192–187 Ma
(purple arrow), which was followed by the NW-SE dilation (white arrow), between 187–178 Ma, and the ENE-WSW (green arrow) post −178 Ma
dilation (Curtis et al., 2003).
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Borgmassivet block (Wolmarans and Kent, 1982).
The magnetic anomaly patterns over the Ahlmannryggen

(Fig. 5) are similar to those observed over the Borgmas-
sivet, and likely reflect mid-Proterozoic dolerite sills and
probable faults displacing them. Both the Borgmassivet-
Ahlmannryggen anomaly patterns and trends terminate
abruptly against lineament L1, clearly indicating that the
postulated fault along the western margin of the Jutulstrau-
men was active in post-mid-Proterozoic times.

5. Interpretation and Discussion
In Fig. 10 we show the available regional aeromag-

netic coverage over the Jutulstraumen area, as derived from
ADMAP (Golynsky et al., 2001). Although the previous
data clearly shows the existence of the long-wavelength
components of the H. U. Sverdrupfjella anomaly, compar-
ison with the new aeromagnetic anomaly map reveals the
considerable improvement in the definition of magnetic pat-
terns and trends over the inferred Jutulstraumen rift (Fig. 5).
Specific examples of this include: 1) the newly imaged NE-
SW to NNE-SSW structural fabric, which is now evident
over Jutulstraumen, as opposed to the previously imaged
apparent N-S fabric; 2) the much more prominent Straum-
snutane anomaly, along the western flank of the Jutulstrau-
men; 3) the definition of horst blocks within the Jutul-
straumen; 4) the high-frequency anomalies over the H. U.
Sverdrupfjella, Borgmassivet and Ahlmannryggen blocks.
These examples show that even in areas where some recon-
naissance aeromagnetic data is available, there is a need
for high-resolution surveys for improved geological and
structural interpretation over Antarctica. Higher resolu-
tion data allows us, for example, to propose more accu-
rate kinematic interpretations by comparing aeromagnetic
trends with paleo-stress indicators (see discussion).

A structural element map was compiled by super-
imposing the new aeromagnetic anomaly interpretation
over a geological sketch map for the Jutulstraumen region
(Fig. 11). This interpretative map forms the basis for our
discussion. Magnetic lineaments separate the inferred Ju-
tulstraumen rift, from the interpreted H. U. Sverdrupfjella
and the Borgmassivet-Ahlmannryggen fault blocks. The
NE-SW to NNE-SSW oriented magnetic lineaments flank-
ing these blocks are interpreted as reflecting the largely ice-
covered Grenvillian to Pan-African-age faults (Allen, 1991;
Groenwald et al., 1995; Perritt and Watkeys, 2003) located
at the transition between the Grunehogna Craton and the
Maudheim Province (Fig. 1).

An important issue for further discussion is whether aero-
magnetic evidence supports or contradicts the presence of a
later Jurassic volcano-tectonic rift zone beneath the Jutul-
straumen ice stream. The quiet magnetic anomaly patterns
observed over the Jutulstraumen ice stream (Fig. 5) may
be interpreted to suggest the lack of magmatic complexes
along the axis of the inferred Jutulstraumen rift. How-
ever, one must consider that the Jutulstraumen ice stream
flows in a deep subglacial trench, reaching depths of ap-
proximately 1.5 km below sea level (Fig. 4(b)). This im-
plies that magnetic anomaly sources would lie at a distance
of least at 4.1 km from our survey altitude (2.6 km), even
if one assumed no post-Jurassic sedimentary infill within

the inferred Jutulstraumen rift. Upward continuation at a
10 km level (Fig. 7(b)) demonstrates, however, that major
Jurassic alkaline complexes, such as those outcropping over
Straumsvola and Tvora, would still be detectable beneath
the deep Jutulstraumen ice stream, if they existed. Small
dyke swarms (average dyke width less than 1 m) which out-
crop in the Straumsvola and Tvora areas (Grantham et al.,
1996; Riley et al., 2005) are not discernible in our 1 km
line-spacing and barometric mode survey flown at 2.6 km
above sea level. This was verified also by inspection of the
higher resolution (6–7 metres) profile data (not shown here).
Consequently, our data cannot be used to argue against sim-
ilar minor Jurassic dyke swarms buried beneath the Jutul-
straumen ice stream. Major Jurassic dyke swarms, such
as the Botswana-Okavango dyke swarm (Fig. 2), which
has a remarkable aeromagnetic signature over South Africa
(Reeves, 2000; Marsh, 2002), are not readily apparent from
our aeromagnetic data over the Jutulstraumen.

The quiet negative magnetic anomaly patterns over the
Jutulstraumen resemble those observed further south over
the Pencksökket branch (Figs. 1 and 2) of the inferred Juras-
sic rift system (Golynsky et al., 2000a). Golynsky et al.
(2000b) interpreted the quiet negative magnetic anomaly
patterns over the Pencksökket glacier as indicating that the
axis of the inferred Jurassic rift underlying the glacier was
largely amagmatic. This interpretation could also apply to
our higher resolution observations over the inferred Jutul-
straumen rift segment. The aeromagnetic hypothesis for
a weakly magmatic Jurassic rift basin beneath the Jutul-
straumen would contrast with the strongly magmatic rifts
represented by the Jurassic Lebombo monocline in Africa
and the Explora rift (Fig. 2(b)) in offshore Dronning Maud
Land (Cox, 1992; Jokat et al., 2003), which feature high-
amplitude positive magnetic anomalies. The inferred Ju-
tulstraumen rift basin appears to lack high-amplitude posi-
tive aeromagnetic anomalies typically observed for example
over highly magmatic subglacial rift basins of the Ceno-
zoic West Antarctic Rift System (Behrendt et al., 1996;
Behrendt, 1999).

An additional hypothesis, that could account for the
quiet, negative magnetic anomaly patterns over the Jutul-
straumen is that they reflect the presence of post-Jurassic
(?) sediments within the inferred Jutulstraumen rift. A
well-known Antarctic example of a prominent linear aero-
magnetic low over a narrow rift, containing thick sedimen-
tary infill, is the Cenozoic Terror Rift (Behrendt et al.,
1996 and refs. therein), within the Ross Sea Rift (inset in
Fig. 1). Jacobs and Lisker (1999) proposed that Cretaceous
and Cenozoic erosional detritus from the Heimefrontfjella
horst (Fig. 1) could have been channelled into the inferred
Pencksökket and Jutulstraumen rifts. The aerogravity lows
detected over the Jutulstraumen rift (Ferraccioli et al., in
press) will be modelled to test the aeromagnetic hypothe-
sis presented here for possible sedimentary infill within the
inferred Jutulstraumen rift.

In contrast to a rift hypothesis (Grantham and Hunter,
1991; Golynsky1 et al., 2000a, b) for the structures underly-
ing the subglacial troughs of western Dronning Maud Land,
Corner (1994) modelled regional aeromagnetic data to-
gether with land-gravity data to show that the Pencksökket
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glacier could simply be underlain by fossil thrust faults in
the basement. Corner (1994) further used the regional aero-
magnetic data to identify two generations of thrust faults
over the Kirwanveggen-Pencksökket areas (Fig. 3) and in-
terpreted at least one of them as being Pan-African in age.
Our more detailed aeromagnetic maps over the H. U. Sver-
drupfjella (Figs. 7(a), (b)) also suggest that that both the
NE-SW and NW-SE aeromagnetic trends could relate to in-
ferred thrust faults within the Maudheim Province (Allen,
1991; Groenwald et al., 1995). The 470 Ma Dalmatian
Granite (Grantham et al., 1991) could also be spatially as-
sociated with some of the inferred NE-SW thrust faults
(Fig. 7(a)). Over the Straumsnutane (Fig. 8) and Borgmas-
sivet (Fig. 9(a)) areas aeromagnetic lineament L1 is coinci-
dent with the proposed location of a major left-lateral strike-
slip fault, which may have induced transpression and asso-
ciated thrusting over the H. U. Sverdrupfjella block at about
520 Ma (Perritt and Watkeys, 2003).

These aeromagnetic observations prompt the question of
whether the Jutulstraumen ice stream is simply underlain
by fossil Pan-African age structures, or whether Jurassic re-
activation occurred. Recent geological observations, along
with the new aeromagnetic data presented here, suggest that
the Jutulstraumen was a region of active extension in the
Jurassic. A complex set of palaeo-dilation directions has
recently been determined from the relatively minor Juras-
sic dyke swarms in the Ahlmannryggen, Straumsvola and
Jutulrøra areas (Curtis et al., 2003; Riley et al., 2005). Ini-
tial N-S oriented dyke dilation (purple arrow in Fig. 11) in
the Ahlmannryggen, between 192–187 Ma, was followed
by NW-SE oriented dilation between 187–178 Ma (white
arrow), and a post 178 Ma phase of ENE-WSW directed
dilation (green arrow), recognised in the Straumsvola area.
Evidence for NW-SE dilation is present within dyke swarms
on both sides of the Jutulstraumen (Fig. 11). This sug-
gests dyke emplacement in response to a regionally im-
posed NW-SE minimum principal stress direction between
187–178 Ma. The NW-SE minimum principal stress direc-
tion is perpendicular to the strike of the inferred Jutulstrau-
men rift structure, delineated by aeromagnetic lineaments
L1–L2–L3 and L5 (Figs. 5 and 11). However, one of the
most striking results of the aeromagnetic survey is the NW-
SE trend of the Straumsvola and Tvora anomaly complex
(Figs. 6(a)–(b) and 11), which is highly oblique to the trend
of the inferred Jurassic rift. The anomaly complex appears
to lie parallel, rather than perpendicular to the minimum
principal stress direction, revealed from Jurassic dykes and
syntectonic fabrics within the Straumsvola pluton. We in-
terpret magnetic lineaments L4–L5 and L6, coupled with
the NW-SE trends of the Straumsvola-Tvora anomaly com-
plex, to suggest a more complex structure compared to a
simple linear Jurassic rift. We infer that the NW-SE trend
could image a jog or a transfer fault zone close to the east-
ern flank of the inferred Jurassic rift (Fig. 11). We spec-
ulate that this transverse structure may have controlled the
location of the rift-related mid-Jurassic alkaline complexes
(Harris and Grantham, 1993). Notably the NW-SE trend of
the Straumsvola-Tvora anomaly is parallel to the trends of
some of the thrust faults inferred in H. U. Sverdrupfjella,
suggesting that the inherited structures may have played an

important role in localising the Jurassic alkaline intrusions.

6. Conclusions
We have presented some results of a high-resolution aero-

magnetic anomaly investigation carried over the Jutulstrau-
men ice stream, western Dronning Maud Land. These re-
sults are summarised below:

1) Prominent NE-SW oriented magnetic lineaments are
imaged in the Jutulstraumen region. These lineaments
may reflect the inherited Pan-African and Grenvillian
age faults of the Maudheim Province and the later
structural fabric of the inferred Jutulstraumen rift.

2) A broad magnetic anomaly over H. U. Sverdrupfjella
marks the eastern flank of the inferred Jutulstraumen
rift. It may be caused by buried Grenvillian-age rocks.
However, the higher-frequency anomalies relate to the
Pan-African age Dalmatian granite, which appears to
be spatially associated with NW-SE oriented thrust
faults.

3) The Straumsvola-Tvora anomaly complex correlates
with mid-Jurassic alkaline intrusions. These intrusions
appear to be located within a jog or perhaps or transfer
fault close to the eastern flank of the inferred Jutul-
straumen rift.

4) The inferred western flank of the Jutulstraumen rift is
dominated by high-frequency magnetic anomalies de-
lineating mid-Proterozoic tholeiites of the Borgmas-
sivet and Ahlmannryggen areas. A discrete high-
amplitude magnetic anomaly complex at Straumsnu-
tane may reveal a mafic intrusion, perhaps of Jurassic
age.

5) The quiet magnetic anomaly pattern over the Jutul-
straumen ice stream suggests that the inferred rift was
not a focus for voluminous magmatism during Jurassic
regional extension, and/or that subglacial sediments
are present within the inferred rift basin.
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