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Advances in geological and geophysical research in Antarctica 
and the Southern OceJJn have contributed to an understanding of 
crustal evolution. Petrologic and structural srudies of magmatic. 
metamorphic and sedimentaJy sequences have provided a more 
detailed base for geological correlations between western 
Dronning Maud Land and south-eJJstem Africa. Airbome 
geophysical surveys have identified prominent magnetic anomalies 
similar to those previously recognised in southem Africa, which 
convborates these findings. Isotopic analysis has shown considerable 
similarity in the chronostratigraphy of the two continents. Marine 
geophysics and geochemical srudies of ocean floor basalts have 
contributed to the elucidation of the spreading history and evolution 
of the Southern Ocean. 

Vordering op die gebiede van geologiese en geofisiese navorsing 
in Antarktika en die Suidel.ike OseJJan het tot 'n begrip van aard
korsevolusie bygedra. Petrologiese en strukturele studies van 
magmatiese, metamorfe en sedimentere opeenvolgings bet 'n 
meer gedetailleerde basis vir geologiese korrelasies tussen weste
like Dronni_ng Maud Land en suid-oos Afrika daargestel. Geo
fisiese opnames per vliegtuig het prominente magnetiese 
anomaliee, soortgelyk aan die wat vroeer in suidelike Afrika her
ken is, uitgeken, wat die korrelasies bevestig. Isotopiese onde
dings het aansienlike ooreenkomste in die chronostratigrafie tus
sen die twee kontinente getoon. Marlene geofisiese en geo-
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chemiese studie. van seevloerbasalte het bygedra toe die verkla
ring van die verspreidingsgeskiedenis en evolusie van die Suide
like 0SeJlan. 

INTRODUCTION 
South African earth science research began with the departure of 
the first national Antarctic expedition from Cape Town in 
December 1959. However, in 1937 A L du Toit had emphasised 
the critical importance of Antarctica in reassembling the super
continent of Gondwanaland of which the African continent 
fonned part, and during the 1940s the Geological Society of 
South Africa investigated the feasibility of an expedition 10 Ant
arctica, a project which was abandoned because of the lack of 
financial backing. Renewed interest was aroused by the success 
of the International Geophysical Year (IGY) following which 
South Africa arranged to take over the Norwegian IGY base in 
western Dronning Maud Land. Subsequently in 1962 the first 
South African base, SANAE, was built. Earth scientists who 
overwintered at SANAE travelled south to the mountains when 
summer returned. In 1969 a small advance base was built in the 
Borgmassivet some 300 km south of SANAE. This base and 
another contructed in 1971 at Grunebogna, 195 km south of 
SANAE, enabled geologists to spend longer periods in the field. 

Prior to 1976 earth science research in Antarctica was under
taken by the Antarctic section of the Geological Srnvey of South 
Africa. Then, after a five-year hiatus in this work, university 
staff and students were able to begin detailed studies as a conse
quence of the acquisition of long-range support helicopters. 
These aircraft provide rapid transport to the mountains and have 
eliminated the need for earth scientists to overwinter and make 
long, slow over-ice journeys. The first university group operated 
in 1980/81, when a brief season provided the initial learning 
exercise for geologists and aircrew, none of whom had previous 
experience of this type of work. Since then earth scientists have 
been deployed in the field annually. Land surveyors from the 
Department of Surveys and Mapping have accompanied most 
expeditions since 1980/81. Their task has been to establish an 
accurate survey grid for the production of geological and geo
physical maps. 

Scope of research 
As South African earth science research in western Dronning 
Maud Land enters its fourth decade it is opportune to review the 
important gains that have been made in understanding the geo
logical evolution of this key region. This review is confined to 
the more recent research highlights, although earlier research 
unquestionably provided the foundation for the results and con
clusions highlighted here. 1n this respect research is built on the 
excellent summary and synthesis given by Wolmarans & Kent 
(1982) of South African earth science research from 1960 to 

1981. The scope of activity which is addressed extends from the 
continental realm, in which research has been directed to an 
understanding of the geological evolution of western Dronning 
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Maud Land, to the marine realm. in which studies have been 
directed to the evolution of the ocean floor between Antarctica, 
Africa and South America. 

Continental geology within a Gondwana context 
The geology of the South African area of interest in western 
Dronning Maud Land can be considered primarily in terms of 
two contrasting terrains, namely, the low-grade metamorphic 
Grunehogna Province comprising the Ahlmannryggen-Borgmassivel 
regions (Figure I). and the high-grade metamorphic Maudheim 
Province comprising in part the H U Sverdrupfjella and Kirwanveggen 
regions. These two provinces are separated from each other by a 
major tectonic boundary which is taken advantage of by the great 
Jutulstraumen and Pencksokket glacial drainages (Figure l). 

This region of western Dronning Maud Land is considered to 
be a key area in the reconstruction of Gondwana (Martin & 
Hartnady, 1986; Grantham et al, 1988 Grantham & Hunter. 1991; 
Peters et al, 1991; Harris et al, 1991; P-aech et al, 1991; 
Groenewald et al. 1991; Tessensohn & Peach, 1991). The reason 
for this is that western Dronning Maud Land is placed adjacent 
to the Natal-Mozambique coast in these authors' reconstructions 
(see Figure 2 after Groenewald et al, 1991). The Maudheim 
Province is considered on both geological and geophysical 
(Corner et al, 1991) evidence, to continue into the Namaqua
Natal and Mozambique Provinces, whereas the Grunehogna 
Province is probably an extension of the Kaapvaal-Zimbabwe 
Province. This latter correlation has been questioned, however, 
by Barton et al (1987) and Barton & Moyes (1990) who consider 
the Grunehogna Province to be a microplate unrelated to the 
Kaapvaal-Zimbabwe Province. Furthermore, Moores (1991) and 
Dalziel (1991) have postulated that North America was part of 
Gondwana in Eocan1brian times, rifted off during the Cambrian 
and drifted to its present position during the Phanerozoic. The 
growing international interest in the correlation and tectonic his
tory of western Dronning Maud Land within Gondwana makes 
the characterisation of lithologies and the understanding of the 
tectonic history of the Grunehogna and Maudheim Provinces of 
vital importance. It is in this context that South African research 
has played and continues to play a leading role in Antarctic earth 
science. 

Radiogenic isotope studies 
Early radiogenic isotopic work, summarised in Wolmarans & 
Kent (1982), provides a broad chronological framework for the 
major geological units, particularly in the Ahlmannryggen-Borg
massivet and from limited outcrops of the Kirwanveggen areas. It 
is apparent from this data, however, that many of the suites ana
lysed uffered extensive alteration, and interpretation of much of 
the data is equivocal. The Rb-Sr whole-rock techniques em
ployed were particularly susceptible to these problems. Although 
limited, U-Pb techniques proved more successful. These data 
do, however, indicate the dominance of ™> main orogenic 
events in western Dronning Maud Land - the Kibaran orogeny 
at circa l 100 - 1 000 Ma and the Ross orogeny (or P-an
African) at circa 500 - 450 Ma. Recent isotopic investigations 
have adopted a multi-isotopic approach. combining the Rb-Sr, 
Sm-Nd and U-Pb methods on both whole rock and mineral 
separates. In addition, fission track data, small population zircon 
analysis and Ar-Ar studies are being initiated to supplement 
existing techniques. Recent work utilises the isotopic data in two 
main ways - to provide both chronological information and to 
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elucidate the crust-mantle evolution of the region. Emphasis has 
been placed on selected suites from the H U Sverdrupfjella area, 
the main area of investigation, although specific problems in the 
data of the Ahlmannryggen-Borgmassivet have continued to be 
addressed (Moyes & Barton, 1990). 

Continental geophysics research 
The last decade has seen the commencement of regional 
aeromagnetic surveys. These have been relatively small-scale in 
nature due to the limited range of the helicopters used for this 
purpose. Much larger data sets have, however, been recorded by 
Germany and, in particular, the USSR. Collaborative interpretation 
of these combined data sets has led to the recognition of the 
major magnetic anomalies in Dronning Maud Land which have 
counterparts in southern Africa and the Falkland Plateau (Corner, 
1989: Futterer et a/.1989). This has major significance for the 
reconstruction of Gondwana as discussed below. l"alaeomagnetic 
studies in the H U Sverdrupfjella have been of great value in 
determining the magnetisation parameters needed for the in
terpretation of the aeromagnetic data. 
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Marine research within a Gondwana context 
Studies of how the ocean floor developed between Antarctica, 
Africa and South America, during the breakup of the supercontinent, 
have added a further fundamentally important dimension to the 
understanding of the geological interrelationships between these 
continents. 

GEOWGY AND GEOPHYSICS OF WFSI'ERN 
DRONNING MAUD LAND 

The Grunehogna Province: The Borgmassivet 
Suite and its relationship to the Ritscherflya 
Supergroup 
Research on the Borgmassivet suite of the Grunehogna Province 
has proved useful towards resolution of some of the problems 
outlined above concerning correlations within Gondwana. High
lights of past and present research, as well as certain conclusions 
which have a bearing on the tectonic setting of this province, are 
given. 

Field relations 
The Borgmassivet suite has been defined by Krynauw et al 
(1990) to include the Borgmassivet intrusions and the volcanic 
rocks of the Jutulstraumen Fonnation (Roots, 1953, 1969; Von 
Brunn, 1963, 1964; Neethling, 1969, 1970, 1972a, b; Allsopp & 
Neethling, 1972; Watters, 1972; Watters et al, 1991; Bredell, 1976, 
1982; Wolmarans & Kent, 1982; Wolmarans & Krynauw, 1981; 
Krynauw, 1983, 1986; Krynauw et al, 1984, 1988, 1991; Peters et 
al, 1989, 1991). 

The Borgmassivet intrusions occur as sills up to 400 metres in 
thickness and layered bodies of unknown lateral and vertical 
dimensions. They intrude the Ritscherflya Supergroup, which 
consists mainly of fluvial sedimentary rocks with an upper, 
sedimentary-volcanogenic succession. Three phases of intrusion 
have been recognised, namely the Grunehogna and Kullen-type 
sills, the Ahlmannryggen sills and the Preikestolen sills 
(Krynauw et al, in prep). 

The Grunehogna and Kullen-type sills are the most abundant 
and widespread and vary in composition from norite to quartz 
monzodiorite. The contacts are generally confonnable with the 
host sedimentary rocks, but may show locally cross-cutting rela
tions. Sedimentary rocks adjacent to the cross-cutting sill at 
Grunehogna have been defonned into dishannonic, S-type folds 
15 m in amplitude. Numerous vugs are present in the sedimen
tary rocks up to 3 m from the contacts of the sills in the Grunehogna 
area. Partial destruction of the sedimentary strucrures has oc
curred within these peripheral zones (Krynauw et al, 1988). 
Small, < 3 m3, granitic bodies and veins are present in the 
peripheral zones, and petrographic characteristics of the sedimen
tary rocks in these zones are consistent with the onset of 
anatexis and the development of small amounts of granitic melts. 
The nature of the contact zone and the presence of vugs, the 
defonnation of the sedimentary rocks described above, destruc
tion of sedimentary structures and associated soft-sediment 
slumping, the presence of large volumes of pegmatites and the 
small-scale anatexis have been interpreted by Krynauw (1986) 
and Krynauw et al (1988) as evidence for intrusion of the sills 
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into wet, unconsolidated or partially lithlfied sediments at very 
shallow levels. 

!he Jutulst~umen Group, being the uppermo t stratigraphic 
umt of the R1tscherflya Supergroup, compri es fou r.predominant
ly volcanogenic, formations (Wolmarans & Krynauw 1981 · 
Wolmarans & Kent, 1982; Watters et al, 1991). nam;ly th~ 
Straumsnutane, Fasettfjellet, Tmdeklypa and Istind Fonnations. 
The bulk of the Straumsnutane and Fasettfjellet Formations com
prises basaltic to basaltic-andesite lava flows, about 10% of 
which are composed of pillow or pod-like fonns (Watters et al 
1991). They are considered to represent both pillow lava and pa
hoehoe "toes". Watters et al (1991) have discussed these forms 
and su~ested that the Straumsnutane flows were mainly emplaced 
subaenally, although subaqueous flows were also common. Thin, 
lensoid sedimentary beds occurring as intercalations throughout 
the succession also indicate a shallow water to subaerial 
environment. 

Exposures along the eastern Straumsnutane area, adjacent to 
the Jutulstraumen, have been affected by intense shearing that 
dips 65 to 70° ESE. This shearing is considered by Watters et al 
(1991) to be related to the Pencksokk.et-Jutulstraumen dislocation 
feature as it diminishes in intensity westwards, away from the 
Jutulstraumen. The volcanic rocks in the south-western and cen
tral Straumsnutane have been folded into a broad, NE-trending 
synclinal structure with low-angle dips (up to 25°). Folding is 
more intense in the north-eastern Straumsnutane where the se
quence has been defonned into tight NE-trending folds which 
are overturned towards the SE. 

Geochemistry 
The geochemistry of the Borgmassivet suite was discussed by 
Krynauw (1991), Watters et al (1991) and Peters et al (1991). In
ter-element variations between high field strength. large ion 
lithophile and compatible elements give high correlation coefficients 
for linear regressions. AFM, Jensen cation and Y/Nb diagranis 
indicate that the rocks are tholeiites, with minor transition to 
calc-alkaline chemistry. The chondrite-nonnalised REE diagrams 
and spidergrams (element/Yb nonnalised to C-1 chondrites, 
Thomson et al, 1983) for the Straumsnutane lavas and Kullen, 
Grunehogna, Preikestolen and Ahlmannryggen sills have identical 
patterns and overlap extensively. The coherence of the geochemical 
data suggests that the magmas, from which the intrusions and 
basalts solidified, were consanguineous. Krynauw et ~ (1991) 
have pointed out that these patterns resemble those 
for certain continental tholeiites, such as the lavas from the 
Karoo central area (Marsh & Eales, 1984), the Kirkpatrick 
basalts from southern Victoria Land (Kyle et al, 1983) and the 
Sudbury Complex (Cullers & Graf, 1984). Peters et al (1991) 
found La/Nb ratios of 3,36 to 4,1 and suggested that tholeiitic 
island arc suites cannot be excluded when considering the tecton
ic setting of Proterozoic igneous rocks in the Ahlmannryggen. 
However, the data from Krynauw et al (1991) and Watters et al 
(1991) indicate La/Nb ratios between 1.4 and 2.9 for these 
rocks, suggesting a continental environment. 

Microthennometric and cathodoluminescence studies 
Evidence from current research on fluid inclusion and 
cathodoluminescence studies of quartz grains within Borgmas
sivet intrusions and their country rocks at Grunehogna has re
vealed imponant infonnation (Krynauw & Behr, 1991). 
• Cathodoluminescence evidence indicates that there are two 
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types of quartz grains in the sills. These consist of a 
xenocrystic type and a high-temperature quartz which 
crystallised either from the magma or as a result of anatectic 
melting of xenoUthic/xenocrystic material. 

• Xenocrystic quartz grains within the sills and elastic grains in 
the peripheral zones show similar fluid and cathodolu
minescence characteristics and are therefore grouped together 
in the sill-sediment interactive zone (SSIZ). However, elastic 
grains in the sedimentary rocks adjacent to the peripheral 
zone reflect the variation in characteristics of their source 
terrains and show no evidence of heating by the magma. 

• All primary, and possible older secondary, fluid inclusions 
within the SSJZ have decrepitated due to the heat of the magma 
and only a single generation of later fluid inclusions is 
present. These are Na-K-Ca-Cl-rich brines which show exten
sive metastable characteristics during freezing/melting cycles, 
but consistent temperatures of homogenisation between 95 °C 
and 105 °C. 

These results corroborate previous suggestions that the Borg
massivet suite has been contaminated by crustal material 
(Krynauw, 1986; Krynauw et al, 1991). The K-rich nature of the 
brines is not consistent with an origin of basinal brines, because 
this element is fixed in clay minerals such as illite during diagenesis. 
This is more likely evidence for a period of hydrothermal activi
ty at some period after the igneous event. 

Geochronology and isotope studies 
The Borgmassivet intrusions have long been recognised as a 
potentially valuable chronostratigraphical marker, but despite the 
considerable amount of data available, few unequivocal intrusive 
ages have been obtained (Wolmarans & Kent, 1982: Barton & 
Copperthwaite 1983; Barton et al, 1987). Intrusive ages appear to 
vary from 1798 ± 84 Ma (Annandagstoppane) to 1616 ± 62 Ma 
(Jekselen-lstind) to 1429 ± 124 Ma (Grunehogna). Recent work 
has concentrated on the Robertskollen peridotite-gabbro suite, 
where Rb-Sr whole rock data scatter about a line equivalent to 
1009 ± 27 Ma; gabbroic samples, however, define an isochron 
equivalent to an age of 1453 ± 81 Ma. Six phlogopite samples 
from the peridotite range in age from 1125 to 1057 Ma (average 
1083 Ma). Pb-Pb whole-rock data are widely scattered about a 
reference line equivalent to an age of 1076 Ma, but no reliance 
can be placed on these data. Sm-Nd whole-rock data do not 
yield isochrons, but Nd model ages give an average Tchur of 
1567 Ma and Tc1m of 2116 Ma. This latter model age is consistent 
with Nd model ages from both the Grunehogna and Annandag
stoppane suites, which yield Tchur averages of 1784 Ma and 
1729 Ma (respectively) and Tdm averages of 2258 Ma and 
2230 Ma (respectively). The isotopic data appear consistent 
with separation from convecting mantle and crustal formation at 
approximately 2200 Ma, an intrusive age of circa 1450 Ma, and 
large-scale isotopic resetting during the Kibaran orogeny at ap
proximately 1100 Ma. Epsilon Nd and Sr data for the Robert
skollen, Grunehogna and Annandagstoppane mafic suites at the 
estimated age of intrusion yield near-bulk earth Nd values for 
the Annandagstoppane gabbro and the Robertskollen peridotites. 
with sligthly Sr-enriched characteristics. This suggests an origin 
through partial melting of bulk earth, with a small degree of 
possible fluid alteration, consistent with geochemical and field 
observations. However, Robertskollen and Grunehogna gabbro 
samples have greater Sr enrichment and Nd depletion relative to 
bulk eanh, which suggests probable contamination from crustal 
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sources, again consistent with the observed field and geochemi
cal data. 

The absolute age of the Ritscherflya Supergroup sediments has 
always been a matter of debate. Sm-Nd whole-rock data from 
the sediments of the Schumacherfjellet Formation cropping out 
at Grunehogna scatters closely about a line equivalent to an age 
of 1401 ± 204 Ma. This corroborates field evidence that the 
Grunehogna mafic sill. dated at 1429 Ma. was intruded into a 
wet sedimentary sequence and gives tentative support for the 
circa 1450 Ma ages obtained from the Rb-Sr whole-rock data 
from the mafic suites. Nd model ages yield an average Tchu, of 
1841 Ma and average Tdm of 2207 Ma and are again essentially 
similar to those obtained from the Borgmassivet intrusions, 
suggesting a major period of crustal formation about 2200 million 
years ago. Rb-Sr whole-rock data from the Scbumacherfje!Jet 
Formation scatter about a line equivalent to an age of 1069 
± 37 Ma. indicating a period of major resetting in this system 
during the Kibaran orogeny. 

Highlights and conclusions 
The results are valuable for an understanding of the tectonic 
development of western Dronning Maud Land and its relation to 
Gondw,ma. Research on the Borgmassivet suite has been useful 
in identifying the nature and timing of the Borgmassivet igneous 
event and its tectonic setting. It has been shown that this event 
occurred during the final stages of Ritscherflya basin develop
ment and should be seen as part of the tectonic development of 
this basin. The dominantly fluvial nature of the Ritscherflya 
sediments therefore suggests a continental setting for the igneous 
event, which is also supported by geochemical evidence. The 
style of occurrence and consanguineous nature of the Borgmas
sivet suite have led Krynauw et al (1991) to suggest that western 
Dronning Maud Land is broken by Pencksokket-Jutulstraumen
type faults into large tectonic blocks, within which a series of 
smaller fault blocks represent tectonic readjustment following or 
synchronous with the major faulting event. 

Cathodoluminescence and fluid inclusion studies have been 
used for the construction of a temperature profile which can be 
applied to similar intrusions in wet sedimentary environments. 
These studies have also provided evidence for hydrothermal 
activity after emplacement of the Borgmassivet suite. This 
hydrothermal event may be related to the deformation in the 
Straumsnutane area, described by Watters et al (1991), and possi
bly to a tectonic event affecting the Grunehogna Province, which 
has not been recognised previously and which may have implica
tions for corresponding Gondwana terrains. 

Finally, the geochemical database established for the Borgmas
sivet suite will form the basis for future comparative studies of 
similar suites in Gondwana. 

The Maudheim Province: H U Sverdrupfjella 

Introduction 
Research in the last decade has resulted in a far greater under-
tanding of the evolution of the Sverdrupfjella structural and 

metamorphic terrain in the fundamental fields of tectonic setting, 
intrusive history, metamorphic history, structural history and geo
chronology. Research highlights are discussed within this 
framework. 
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Stratigraphy 

Previous surveys of H U Sverdrupfjella led to the recognition of 
the Sverdrupfjella Group (Roots, 1969). Subsequently, Hjelle 
(1974) proposed a four-fold subdivision of the group based on 
the association of distinct paragneissic lithologies with associated, 
mainly granitoid, orthogneisses. Grantham et al (1988) adapted 
Hjelle's classification and attempted to define the nature of the 
protoliths of the various gneisses. Grey and banded gneisses oc
curring mainly in the western Sverdrupfjella were interpreted to 
be an original volcanic sequence of dominantly intennediate, 
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calc-alkaline composition with minor intercalations of elastic 
sedimentary rocks. Amphibolitic layers that are commonly 
boudinaged could reflect either periods of basaltic volcanism or 
dyke intrusion, intense deformation resulting in rotation of the 
dykes into parallelism with the regional foliation. Paragneisses, 
belonging mainly to the Sveabreen Formation and building nuna
taks in the central Sverdrupfjella, were considered to represent 
sedimentary rocks ranging in composition from pelitic to quart
zitic. Significant amounts of carbonate rocks occur at Fugle
fjellet. The paragneisses are interlayered with quartzofeldspathic 
orthogneisses in many places. 
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\ 

Fig 2 . 
Gondwana reconstruction to show the relation of H U Sverdropfjella to the Kibaran-Pan African tectonothennal provinces of southern 
Moz.ambique and Nat.al and to the Saldanian orogeny (reproduced by permission of the Geological Society from Geological evidence for 
a Proterozoic to Mesozoic link between southeastern Africa and Dronning Maud Land, Antarctica by Groenewald PB, Grantham GH & 
lliltkeys MK in Journal of the Geological Society, London, Vol 148, 1991, pp 1115-1123) 
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Intrusive history 
In common with Ravich & Solov'ev (1966), Grantham et al 
(1988) recorded the presence of a range of intrusions reflecting a 
long history of magmatic activity, which has since been con
firmed by isotopic studies. 

Tubular grartltoid intrusions ranging in thickness from 20 to 
over 2 (XX) m mark the earliest major magmatic event. These 
pre-tectonic intrusions include the Vendeholten augen gneiss suite 
and the Roerkulten granite, both of which have been involved in 
polyphase deformation. The earliest intrusions. however. were 
ultramafic dykes now represented by pods and boudins composed 
of two pyroxene-garnet assemblages that provide critical data on 
the metamorphic history of the Sverdrupfjella. Several genera
tions of amphiboUte have been recognised. Although these are 
commonly boudinaged, several preserve their dyke-like geometry. 

Late syntectonic plutonism is represented by a major monzonite 
intrusion at Brattskarvet, emplaced after the main deformation 
but prior to the third generation of amphibolite dykes. The 
alkaline character of this intrusion is thought to represent an ex
tensional stage prior to the last major deformation. The tabular 
Dalmatian granites (so-called because of the presence of clots of 
dark minerals set in a leucocratic groundmass) intruded along 
many of the earlier thrust faults and were associated with some 
brittle deformation. 

Subsequent magmatism produced various granitic and aplitic 
veinlets, tourmaline-bearing pegmatites, the Mesozoic dolerites 
and the major alkaline complexes at Tvora, Straumsvola and Sis
tefjell. The north-south trending dolerite dykes are particularly 
common close to the Jutulstraumen but decrease in abundance 
eastwards. In age and lithology these dykes are equivalent to the 
Kirwanveggen basalts and the Karoo dykes of southern Africa. 
The wide range in compositions is interesting, as only the most 
evolved of the dykes are compositionally similar to the basalts of 
Kirwanveggen and the variation in major element contents proves 
that olivine and clinopyroxene fractionation was a significant 
control on the geochemistry. Furthermore, there are high and 
low Ti-Zr groups of dykes, similar to those recognised in 
southern Africa (Harris et al, 1991). 

The alkaline complexes are located on the eastern margin of 
the Jutulstraumen. Nepheline syenite is the dominant lithology at 
Straumsvola, syenite at Tvora and quartz syenite at Sistefjell. A 
massive outer zone at Straumsvola is stratigraphically overlain by 
a sauce~-shaped layered zone which exhibits continuous rhythmic 
alt~rn~tion_ of layers. The layering is a consequence of major 
va_nauons m the proportions of feldspar relative to ferromagnesium 
minerals plus nepheline. Dykes associated with the complex 
show wide-ranging compositions and include peralkaline 
microgranites. Low initial Sr-isotope ratios and 01so values 
(mean 6.0 %0; n=8) suggest that the nepheline syenite paren-
tal ma~ma was mantle-derived. The peralkaline granite dykes 
have higher 0180 values (mean 7.3 %0; n=4) and it is sug-
g~~ted that they are ei~er undersaturated liquids contaminated by 
sil1ceous_ crust, or ?enved by partial melting of fenitised gneiss. 
Oxygen ISOtope rauos of the surrounding country rock indicate 
that the intrusion of the nepheline syemte did not cause 
widespread circulation of meteoric or magmatic hydrothermal 
fluids. 

Structural history 
Roots (1953, 1969) recognised the complex deformational history 
of the Sverdrupfjella. He described a poorly exposed angular un-
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conformity in central Sverdrupfjella which was interpreted as 
~presenting ei~er two periods of deformation separated by an 
mterval of erosion or a large-scale thrust fault inclined towards 
the south. Perhaps the most important advance in understanding 
the structural evolution of Sverdrupfjella has been the recognition 
of major low-angle thrust faulting that effectively subdivides the 
gneisses into a series of linear tectonic packages accompanied by 
the thrusting of granulite-grade gneisses over gneisses of 
amphibolite grade lying to the west. Thus, Roots' (1953) in
terpretation involving thrusting is confirmed. 

Unravelling the structural history has been greatly facilitated 
by the identification of the temporal relations between mag
matism and deformation. The earliest deformation, D1, com
prises isoclinal folds with axial planar foliation, the parallelism 
of which with the lithological layering suggests that this deforma
tion was recumbent. D2 is also characterised by isoclinal folding, 
F2, that was nearly coaxial with F1, making discrimination of the 
two events difficult. However, recognition of two sets of 
cleavages in the Vendeholten augen gneiss suite permits identifi
cation of its age of emplacement as pre-D,. Thrusting from the 
south and south-east towards the north and north-west is as
sociated with D2. The timing of this event is partially con
strained by the age of 795 ± 105 Ma yielded by a post-D2 
mafic dyke. Structures in the Brattskarvet intrusion are of the 
same sense as the thrusting, suggesting that this and the associated 
metamorphic retrogression post-dated its crystallisation at 
520 Ma (Groenewald & Grantham, 1991). Dl deformation 
produced tight angular F3 folds but also locally isoclinal folds. 
The variability in shape and orientation of F 3 folds reflects the 
influence of variations in the attitude of pre-D3 layering and the 
effects of later gentle, open folding. 

D4 was a brittle deformation involving normal faulting as
sociated with the emplacement of dyke swarms that are best de
veloped in the west adjacent to the Jutulstraumen. The complexes 
at Tvora and Straumsvola were emplaced at about this time, 170 
million years ago (Allen, 1991), and their alkaline character im
pUes a tensional environment. The Jutulstraumen thus marks a 
structural boundary along which repeated reactivation occurred 
over a long period of time. 

Metamorphic history 
The earliest metamorphism was granulite grade associated with 
D,. Mineral assemblages typical of this grade are largely con
fined to lenses and boudinaged dykes commonly preserved in 
peUtic paragneisses in the northern and north-eastern nunataks. 
Ultramafic dykes are characterised by kelyphitic reaction textures 
and corona microstructures. Locally, these dykes preserve 
patches of relatively undisturbed primary mineralogy which per
mits estimation of the P-T conditions under which the dykes · 
were emplaced. Groenewald & Hunter (1991) concluded that sub
sequent to emplacement the dykes and their enclosing hosts were 
uplifted. Coronas were formed in response to re-equilibration 
during the change from Uquidus temperatures to ambient granu
lite facies conditions of about 850 °C and pressures between 9 
and ll kb. 

The majority of the gneisses in the H U Sverdrupfjella are at 
upper amphibolite grade, reflecting lower P-T conditions of about 
5 to 6 kb and 560 °C to 690 °C. Uplift and retrogressive re
hydration were associated with thrusting towards the 
Ahlmannryggen-Borgmassivet, which has further complicated in
terpretation of the metamorphic evolution through the tectonic 

S. Afr. T. Nav. Antarkt ., \bl 21 No 2, 1991 



emplacement of higher grade rocks at structurally high levels. 
The fact that the peak metamorphic conditions occurred signifi
cantly earlier than the main thrusting event means that the two 
stages in metan1orphism should be considered separately. 
Groenewald (1991) attributed the earlier stage to an event in 
which accretion of a marginal basin-volcanic arc complex oc
curred and interpreted the later tectonothennal event as domi
nated by crustal underplating, with associated high heat flow and 
uplift. Subsequent tensional conditions prevailed as reflected by 
the brittle deformation which created the great 
Jutulstraumen-Pencks6kket. 

Geochronology and isotope studies 
Radiogenic isotope data from the multiply-deformed sequences 
cropping out in the H U Sverdrupfjella highlight the sig
nificance of both the Kibaran and Ross orogenies. For exan1ple, 
Rb-Sr whole-rock data yield ages from the Grey gneiss complex 
of 1141 ± 43 Ma and 1065 ± 81 Ma, from the Sveabreen 
paragneiss of 1170 ± 26 Ma, from the Fugitive granite of 1163 
± 99 Ma and from the Vendeholten megacrystic suite of 1015 ± 
73 Ma. These ages are interpreted as reflecting peak metamor
phism during the Kibaran orogeny. Pb-Pb whole-rnck data from 
these suites are too scattered for interpretation; Sm-Nd whole
rock data from tile Sveabreen paragneiss yields an average Tchur 
age of 1019 Ma and Tdm age of 1501 Ma, in contrast to the 
Roerkulten granite with an averag~ Tchur of 1475 Ma and Tdm of 
1763 Ma. These data suggest tllat tile source material for tile 
Roerkulten granite is older than any litllologies currently exposed 
in Maudheim Province. The source for tile Sveabreen paragneiss
es separated from convecting mantle at approxin1ately 1500 Ma, 
constraining tile period of subsequent erosion, deposition and 
deformation of the protoliths of these gneisses to a maximum of 
400 Ma. Younger ages of 952 Ma have been obtained from zir
con fractions extracted from Sveabreen paragneiss, in addition to 
Rb-Sr whole-rock ages of 932 Ma to 884 Ma from the Roer
kulten granite. Whether these are significantly younger than the 
main Kibaran event is equivocal. 

Younger intrusive suites into the gneisses have been investigat
ed at Brattskarvet and Jutulsessen, where Rb-Sr whole-rock data 
indicate ages of 522 ± 17 Ma and 556 ± 12 Ma respectively. 
Sm-Nd whole-rock data for the same suites indicate ages of 520 
± 120 Ma and 1188 ± 166 Ma respectively; tllese data suggest 
tllat whereas the intrusive age of tile Brattskarvet intrusion is cir
ca 520 Ma, that of the Jutulsessen intrusive suite is Kibaran, 
with major resetting during tile Ross orogeny. In addition, Nd 
model ages for Brattskarvet yield an average Tchur of 1623 Ma 
and average Tdm of 1895 Ma, in contrast to the Jutulsessen aver
age Tchu, of 1067 Ma and Tdm of 1469 Ma. These data suggest 
that the age of the source material for the Brattskarvet intrusion 
is both considerably older and isotopically distinct from that of 
tile Jutulsessen intrusive suite. The Nd data from Jutulsessen are 
also consistent with derivation from material isotopically similar 
to the Sveabreen paragneiss, whereas the Brattskarvet intrusion is 
sinillar to the Roerkulten granite in being derived from antique 
basement not currently exposed in the region. 

Localised melting of the metan10rphic suites during the Ross 
orogeny is attested to by an intrusive age of 465 ± 7 Ma ob
tained from the Dalmatian granite (Grantham et al, 1991) . This 
orogenic event, however, is most commonly seen as a resetting 
event in Rb-Sr system in biotite - all samples analysed to date 
from the gneisses and younger intrusive rocks have yielded ages 
in the range 480-440 Ma. This suggests that the Ross orogeny 
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was dominantly a thermal event ratller than a tectonotllem1al 
one. It is significant, however, that a muscovite from one sample 
of tile Sveabreen paragneiss yields a Kibaran age, in contrast to 
coexisting biotite and alkali feldspar which show Ross orogeny 
overprints. The approximately 800 Ma difference between coex
isting micas from the same sample suggests either intra-sample 
disequilibrium or thennal resetting during the Ross orogeny 
above the blocking temperature of biotite (approximately 350 °C, 
Barton & Moyes, 1991) but below that of muscovite (approxi
mately 500 °C). 

Apatite fission track data have been obtained from three sam
ples witllin the metamorphic belt. Data from tile Grey gneiss 
complex and the Fugitive granite suggest a two-stage cooling 
process, with final uplift to less than 50 °C at 158 ± 15 Ma and 
143 ± 26 Ma respectively. Data from the Brattskarvet intrusive 
suite indicate a single-stage uplift at 80 ± 8 Ma. All these ages 
are considerably younger than unpublished data for the Annan
dagstoppane granite (circa 303 Ma) and contrast witll exposed 
unconformities above the Sverdrupfjella Group gneisses in the 
Kirwanveggen. The data strongly suggest that tectonic fragmenta
tion of the metamorphic belt surrounding tile cratonic fragment 
of tile Ahlmannryggen-Borgmassivet has occurred and places 
considerably more emphasis on tile role of the Jutulstraumen as 
a major tectonic suture, as opposed to the Pencksokket
Jutulstraumen, at least from Perrno-Traissic times. 

In summary, it can be stated with confidence that the radio
genie isotope studies have contributed to the establishment of a 
broad chronostratigraphical framework for western Dronning 
Maud Land, within which the Kibaran and Ross orogenies have 
played a major role. However, the isotope data indicate a com
plex and often perplexing history for the evolution of this area 
and will continue to provide as many questions as answers to tile 
numerous geological problems currently being investigated. 

Tectonic setting 
Integration of the data collected in the field and laboratory has 
permitted tile interpretation of the Sverdrupfjella terrain as an old 
continental margin. This margin is considered to have been 
characterised by calc-alkaline volcanism with intercalated sedi
ments adjacent to the continent and a sedimentary sequence 
deposited in waters that became progressively deeper away from 
the continent. These rocks were subsequently deformed, intruded 
and metamorphosed as described above. 

Within a Gondwana context 
The detailed study of the Sverdrupfjella terrain has pem1itted 
close comparisons of its stratigraphic, structural and metamorphic 
evolution with that of the Mozambique Province. These compari
sons are important because they support reconstructions which 
are based on and led to the identification of a wider geographi
cal distribution of the Kibaran and Ross (Pan-African) tec
tonotherrnal events (Grantham et al. 1988; Grantham & Hunter, 
1991; Groenewald et al, 1991). 

Major magnetic anomalies in western Dronning 
Maud Land: their possible origin and correlates 
in southern Africa 
A highlight of recent research has been the correlation and in
terpretation, within a Gondwana framework, of magnetic data 
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from southern Africa, Dronning Maud Land and the Falkland 
Plateau (Comer et al, 1991). 

~outhern Africa 
The Beattie magnetic anomaly occurring in the polymetamorphic 
Namaqua-Natal belt of South Africa, beneath Phanerozoic cover, 
has a strike length of some 900 km. The anomaly has no gravity 
expression, is semi-linear and can be modelled by a slab with a 
depth-to-top of roughly 6 km and bounded by low-angle faults 
dipping to Lhe south (suggestive of thrusting northwards towards 
the KaapvaaJ craton). The origin of the anomaly is speculative, 
with some workers favouring serpentinised mafic rock. However, 
anomalies with a similar signature and strike direction occur to 
the north of the Beattie anomaly and correlate with outcropping 
basement granite gneiss in Natal. High susceptibilities measured 
in outcrop are interpreted to arise from pervasive recrystallisation 
of iron to magnetite. Comer et al (1991) favoured a similar origin 
for the Beattie anomaly. The timing is uncertain, possibly relating 
to the Cape (i e Pan African or Ross) orogeny at circa 500 Ma. 

Dronning Maud Land 
Fiitterer et al (1989) synthesised and interpreted aeromagnetic 
data, derived primarily from surveys by the USSR and Gennany, 
in a geotraverse crossing western Dronning Maud Land. This 
study bas been extended in the light of additional South African 

airborne data and of marine magnetic data available for the 
Falkland Plateau. A number of major semi-linear magnetic 
anomalies are observed in Dronning Maud Land with signatures 
remarkably similar, in terms of amplitude (100 nT to 900 nT), 
strike-length (more than 600 km) and wavelength, to the Beattie 
anomaly. The southernmost of these anomalies coincides in the 
east with the graniroid orthogneisses of the Kirwanveggen and 
H U Sverdrupfjella. Field observations and magnetic modelling 
indicate low-angle thrusting from the south-east (as with the 
Beattie anomaly, toward the Kaapvaal craton in a Gondwana con
text). The signatures of the Beattie and Dronning Maud Land 
anomalies also make them useful as continental-scale marker 
units. Their positions, as well as the postulated extension 
(Corner et al, 1991) of the Beattie anomaly into the Falkland 
Plateau within Gondwana, clearly mimic the boundaries of the 
Kaapvaal craton (Figure 3). 

Conclusions 
The Dronning Maud Land and Beanie anomalies appear to have 
a common origin in the evolution of the polymetamorphic 
terrains which surround the Kaapvaal craton. In addition, 
mapping of such anomalies, which is the focus of future 
research, will hopefully provide the first direct geophysical con
trol in the accurate positioning of the continents prior to the 
breakup of Gondwana. 
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Marine geophysics and geochemistry 
of the Southern Ocean 

MARINE GEOPHYSICS 
Since the commencement of ship-based geophysics in the late 
sixties, South African researchers have participated in over 60 
cruises, more than two thirds of which have been in Antarctic or 
sub-Antarctic waters. Despite the relatively small scale of the 
operations an extensive and invaluable database of magnetic and 
bathymetric data has been compiled. 

In the early seventies Berg (1971) showed that the South-west 
Indian Ridge (shown schematically in Figure 4 by double lines 
for spreading segments and single lines for transfonn faultS) was 
indeed a rifting margin and that the African and Antarctic plates 
were growing by accretion at spreading centres along this 
margin. The thrust of subsequent investigations was to detail the 
geometry of the South-west Indian Ridge (SWJR) between Bou
vet and Marion Islands and to study itS evolution through time 
by identifying and interpreting magnetic anomalies and fracture 
wnes generated along the ridge since its inception at the breakup 
of Gondwana. 

Once the rate and direction of relative motion between Antarc
tica and Africa had been established later surveys were aimed at 
older ocean floor north and south of the SWIR. 

Anomalies out to Eocene and then late Cretaceous were 
mapped in the Mozambique Basin. Two Antarctic cruises with 
only limited success were devoted to a search for the late Creta
ceous counterpartS on the Antarctic plate. Over several years a 
more and more detailed picture of magnetic anomalies and 
fracture zone lineations was built up and it was possible to show 
that the separation of Africa from Antarctica had proceeded in a 
remarkably symmetric fashion since at least 80 million years ago 
(Bergh, 1986; Royer et al, 1988). A small jog occurred at about 
70 million years, lasted about 5 million years and thereafter the 
spreading direction reverted to its previous NNE direction. 

An extremely tight constraint in the progressive reconstruction 
of Africa-Antarctica-South America spreading history was the 
discovery of two magnetic bights, generated simultaneously at a 
late Cretaceous triple junction. These two bights, indicated by 
chevrons in Figure 4, have been called the Agulhas Bight 
(south-west of Agulhas Plateau) and Maud Bight (north of Maud 
Rise). The two chevron points must have coincided at the 
meeting point of three spreading ridges. 

The discovery of Mesozoic magnetic anomalies off Dronning 
Maud Land (Bergh 1987) was a major breakthrough in under
standing the early separation of Africa and Antarctica. These 
anomalies are shown east of the Astrid Fracture Zone in Figure 
4, as are the conjugate mirror-image anomalies later identified 
by French and American scientists in the Mozambique Basin. 
The Astrid Fracture Zone, surveyed over several excursions off 
the Astrid Coast, is the only well-documented fracture zone near 
the Antarctic coast. Subsequent radar altimetry data from the 
GEOSAT satellite have confirmed its existence. 

Recent research activity has been devoted to the early separation 
of South America from Africa and Antarctica. Key problems in 
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th_is study are th~ nature of the Mozambique Ridge and Maud 
Rise and the datmg of magnetic anomalies and fracture wnc 
lineations in the northern Weddell Sea. 

Fig 4 
Area of marine geophysical surveys between Africa and Antarcti
ca. Lineations east of Mol1lfl1bique Ridge and Astrid Fracture 
l,one are the Mes()l,()ic anomalies (aged between 110 and 130 
miJ/jon years) referred to in the text. Stippling denotes sea-floor 
formed between about 82 and 86 million years ago (late Creta
ceous anomalies 33/34) 

MARINE GEOCHEMISTRY: THE OCEAN FLOOR 
The focus of research on volcanic rocks from the Southern 
Ocean since 1981 has been towards an understanding of: 
• the petrogenetic evolution of basaltic magmas erupted along 

the circum-Antarctic spreading ridges, ocean islands and 
associated seamounts in this region; 

• the geological evolution of the mantle source regions of these 
magmas since the breakup of Gondwana and the influence 
that upwelling mantle plumes have had on the geochemistry 
of magmas from this region. 

A number of research cruises to the area has alJO\Ved collec
tion of many samples from the southern Mid-Atlantic Ridge, the 
American-Antarctic Ridge, the length of the South-west Indian 
Ridge, and the islands of Bouvet, Gough, Tristan da Cunha, and 
Marion and Prince Edward and their associated seamounts. 

Detailed geochemical analyses of the samples from the vicinity 
of the Bouvet triple junction have allowed documentation of the 
nature and regional extent of influence of the Bouvet mantle 
plume on the surrounding depleted sub-oceanic asthenosphere. A 
particularly important discovery in this regard has been that 
geochemically enriched and depleted Javas have been erupted in 
close juxtaposition throughout the region with little evidence of 
mixing as found in the vicinity of mantle plumes in the north 
Atlantic and P'acific Oe Roex et al, 1983). This difference is 
attributed by le Roex et al (1983) to differences in spreading rate 
of the ridges and associated magma supply rate. 

The region of influence of the Bouvet mantle plume extends 
some 700 km to the east and west of Bouvet Island. but not sig
nificantly to the north Oe Roex et al, 1975; 1987). This distribu
tion pattern is attributed to a dominant east-west mantle flow re
gime, leading to little northward movement of material related to 
the upwelling Bouvet mantle plume. The presence of geochemi
cally enriched magmas erupted along the southern end of the 
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Mid-Atlantic Ridge. with a distinct geochemical signature from 
the Bouvet mantle plume, enabled le Roex et al (1987) to postu
late the existence of a previously unrecognised hotspot (the Sho
na hotspot) located at 54° S 4° W. Hartnady & le Roex (1985) 
proposed that the palaeo-trace of the Shona hotspot is marked by 
the Agulhas Ridge - Meteor Rise - Shona Ridge bathymetric 
anomaly. 

Further to the east le Roex et al (1989) documented the extent 
of influence of the Marion hotspot on the surrounding mantle 
and were able to show that two distinct types of geochemically 
enriched mantle have been sampled by partial melting processes 
in this region. One can be associated with enrichment related to 
the upwelling Marion mantle plume (i e has similar geochemical 
characteristics). the other is limited in aerial extent (immediately 
to the south of the Madagascar Ridge) and has tentatively been 
associated with either delaminated sub-continental lithosphere 
streaked out and left in the convecting asthenosphere during the 
breakup of Gondwana (Mahoney et al, in press), or recycled 
oceanic lithosphere plus ancient pelagic sediment Oe Roex et al. 
1989). These laner magmas have anomalous Ba/Nb and 
208Pb/204Pb isotopic ratios and are similar to the geochemical 
characteristics of the so-called DUPAL mantle anomaly. Similar 
characteristics are also evident in the Shona (le Roex et al , 
1986), Gough Oe Roex, 1985), Discovery Oe Roex, 1986) and 
Tristan da Cunha Oe Roex et al, 1990) hotspots suggesting a 
similar contamination of the sub-oceanic asthenosphere beneath 
the South Atlantic. 
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