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Geological investigations in Western Dronning Maud Land, 
Antarctica- a synthesis 

L.G. Wolrnarans1 and L.E. Kent2 

w~th contributions by 

R.C. WallaceJ, D.I. Henthorn3 and T.P. Elworthy4 

1. Geological Survey, P .O. Box 900, Pietermaritzburg 
2. c/o Geological Survey, Private Bag X112, Pretoria 
3. Geological Survey, Private Bag X112, Pretoria 
4. Bernard Price Institute of Geophysical Research, 

University of the Witwatersrand, Johannesburg. 

The history of South African interest in the geology of Antartica 
is outlined, as is the history of international exploration in 
western Dronning Maud Land since the 19th century. 

The area described falls approximately between 69° and 74°S 
and between rr and S' E. Physiographically it can be divided into 
the ice shelves, the mountain ranges of the Ahlmannryggen and 
Borgmassivet, the escarpment of the Kirwanveggen and the 
Polar Plateau. 

In broad terms the area comprises two geological terranes, 
separated by the Pencksokket-Jutulstraumen riji. In the 
Kirwanveggen the polyphase-deformed, high-grade meta
morphic rocks of the Sverdrupfje/la Group form part of the East 
Antarctic crystalline basement. They comprise mainly a variety 
of gneisses but also basic mew-intrusive rocks and minor cafe
silicates and cataclasites. Indicated conditions of meta
morphism were 6, 4 kb of pressure and temperatures of 640°C. 

The relatively undisturbed and flat lying sedimentary
volcanogenic platform cover of the Ritscherjlya Supergroup, 
with a stratigraphic thickness of at least 3 500 m, occurs in the 
Ahlmannryggen and Borgmassivet. Two lithostratigraphic 
groups can be recognized. The lower, predominantly sedi
mentary Ahlmannryggen Group comprises six formations, the 
upper ones being characterized by red beds and volcani
clastics. The upper, JunJstraumen Group, comprises mainly 
andesitic lavas and pyroclastic rocks, made up of four 
formations. 

The rocks of the Ritscherjlya Supergroup are extensively 
invaded, mainly as sills, by mafic and subordinate ultramafic 
and felsic rocks of the Proterozoic Borgmassivet lntrusives and 
Mesozoic mafic dykes. 

In the extreme southwestern Kirwanveggen, slightly folded 
Palaeozoic sediments occur in tectonic contact with rocks of the 
Sverdrupfje/la Group. Both are unconformably overlain by 
flat-lying Mesozoic sediments and basalts. 

The rock success ions are described in some detail. 
Radiometric determinations on rocks of the Sverdrupfjella 

Group indicate ages of berween I 000 M a and 1 200 M a, while 
ages of c. 1 000 M a and c. 1 700 Ma were determined on the 
Borgmassivet lntrusives. 

The palaeomagnetism of some of the rocks is also discussed. 

Die geskiedenis van Suid-Afrikaanse belangstelling in die 
geologie van Antarktika, sowel as die geskiedenis van inter
nasionale eksplorasie in westelike Dronning Maudland sedert 
die 19e eeu, word bespreek. 

Die gebied wat beskryf word strek vanaf 69° cot 74°S en vanaf 
oo tot 5°0. Fisiografies kan dit in die ysbar~ke, die bergreekse 
van die Ahlmannryggen en Borgmassivet, die eskarp van die 
Kirwanveggen en die Poolplato verdeel word. 

In brei! trekke bestaan die gebied uit twee geologiese terreine, 
geskei deur die Pencksokket-Jutulstraumen slenksone. In die 
Kirwanveggen maak die polifase-vervormde, hoegraadse
metamorfegesteentes van die Sverdrupfjella-groep deel uit van 
die kristallyne vloer van Oos-Antarktika. Die bestaan hoof
saaklik uit 'n verskeidenheid gneisse sowel as basiese meta
ftrusiewe en katakl.astiese gesteentes. Metamorfose het 
waarskynlik plaasgevind onder druktoestande van 6,4 kb en 'n 
temperatuur van 640°C. 

Die relatief onverseeurde en platliggende sedimentere
vulkanogene platformbedekking van die Ritscherjlya-super
groep, met 'n stratigrafiese dikte van ten minste 3 5()() m, kom in 
die Ahlmarmryggen en Borgmassivec voor. Twee litostrati
grafiese groepe kan herken word. Die onderste, hoofsaaklik 
sedimentere, Ahlmannryggen-groep bestaan uit ses formasies 
waarvan die boonstes gekenmerk word deur rooilae en vul
kaniklastiese gesteentes. Die bo01iste, Jutttlstraumen-groep. 
bestaan hoofsaaklik uit andesitiese lawas en piroklas
tiese gesteentes, en kan in vier formasies verdeel word. 

Die gesteentes van die Ritscherjlya-supergroep is op 'n groat 
skaal ingedring, hoofsaaklik as plate, deur mafiese en onder
geskikte ultramafiese en felsiese gesteentes van die Proterosoi'ese 
Borgmassivel-intrusies en Mesosoi'ese mafiese gange. 

In die verre suidwestelike Kirwanveggen kom effens ge
plooide Palaeosoi'ese gesteentes in tektoniese kontak met 
gesteentes van die Sverdrupfjella-groep voor. Beide word 
diskordant oorle deur platliggende Mesosoi'ese sedimente en 
basalte. 

AI die gesteente-opeenvolgings word in redelike besonder
hede beskryf. 

Radiometriese bepalings op gesteentes van die Sverdrupfjella
groep dui op ouderdomme tussen 1 000 M a en I 200 M a, terwyl 
ouderdomme van c. 1 000 Ma en c. 1 700 Ma vir die Borg
m.assivet·intrusies bepaal is. 

Die palaeomagnetisme van sommige van die gesteentes word 
ook bespreek. 
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INTRODUCTION 

South African earth scientists have long been interested in 
Antarctica. Four decades ago Du Toit (1937), in his plea for 
acceptance of continental drift, emphasised that in any 
reassembling of Gondwanaland ''Antarctica constitutes the 
keypiece" . In 1943 Professor L.C. King who, like most South 
African geologists, had long accepted the reality of drift, 
persuaded the Council of the Geological Society of South 
Africa to set up an Antarctic Research Committee to 
investigate the feasibility of an expedition to the sector 
extending from Dronning Maud Land to Coats Land, on the 
east side of the Weddell Sea (Fig. 1). This was then one of the 
least known parts of Antarctica and the expedition, which 
would have been the largest and most comprehensive up to that 
time, was to undertake research in geology, geophysics 
(including ice thickness measurements by seismic methods), 
geomorphology, oceanography and meteorology. The Com
mittee and its various subcommittees included experts in all 
these fields. 

The then Prime Minister, Field Marshal J.C. Smuts, 
although sympathetic to the objectives, considered that the 
expedition should be an international one for a Southern Polar 
Year. A memorandu(ll drawn up by the Committee was circu
lated to countries havin'g interests in the Antarctic and it was 
suggested that each establish one or more permanent land 
bases on the continent. On the instructions of Smuts, Dr B.F.J. 
Schonland, President of the then recently formed Council for 
Scientific and Industrial Research, raised the matter at a 
Commonwealth Scientific Conference held in London in July 
194<>. The concensus was that the setting up of additional 
permanent research stations in the Falkland Island 
Dependencies was of more immediate importance than an 
International Southern Polar Year. At tbe time the 
Norwegian-British-Swedish Antarctic Expedition to Dronning 
Maud Island (1949 to 1952), proposed by the Swedish glaciolo
gist Professor H.W. Ahlmann in 1945, was being planned. 
Regrettably the South African Government was not prepared 
to join the United Kingdom in financially supporting the 
geological component of the projected expedition. Never
theless, Mr J.A. King, then head of the Synoptic and 
Forecasting Branch of the Weather Bureau, participated as an 
observer during the expedition's first summer. The Geological 
Society Committee was also invited to nominate a geologist to 
the recently established Falkland Island Dependencies Survey 
(FIDS). The nominee, Dr R.J. Adie, recently graduated from 
the University of Natal, joined the FIDS in 1946. He has 
devoted his professional life to Antarctic earth science research 
and is now Deputy Director of the British Antarctic Survey. 

Through lack of financial backing for the enterprise, the 
Geological Society's committee ceased to function in 1947. 
However, with the coming of the International Geophysical 
Year (1957/58) local interest in the Antarctic revived and South 
Africa contributed to and participated in the Commonwealth 
Transantarctic Expedition. Mr J.J. la Grange of the South 
African Weather Bureau was appointed as meteorologist and 
was a member of the party that first crossed the Antarctic 
continent. 

When the International Geophysical Year ended, South 
Africa arranged to take over the Norwegian IGY Base, 
Norway Station, in western Dronning Maud Land. The first 
South African National Antarctic Expedition left Cape Town 
in December 1959. Shortly before, on Decemiber 1st to be 
precise, South Africa had joined with 11 other nations to sign 
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the Antarctic Treaty. The Treaty, which was a direct result of 
the fruitful international scientific co-operation that had 
characterised the JGY, is designed to ensure that co-operation 
continues and that Antarctica be reserved only for peaceful 
purposes. 

Norway Station was built on a floating ice shelf, the 
FimbuJisen (Fig. 2). As the buildings obstructed the even flow 
of winds, snow soon piled up against them and within a little 
over a year they were completely buried. The annual snow 
accumulation is of the order of 1 m and by 1961 the station lay 
deep under the snow and access was by shafts some 5 m deep. 
The first South African base, Sanae, was subsequently built in 
1962. It Jay 20 km to the north of Norway Station at latitude 
70"18'S and longitude 02°21 'W. By 1971 this base was also 
buried beneath 10 m of snow and yet another base had to be 
erected in the vicinity. This, in turn, was replaced in 1979. 

The Sanae bases, like the old Norway Station, lie on the 
Fimbul ice shelf, the nearest rock exposures being some 115 km 
to the south. During the first nine expeditions the geologists 
wintered over at Sanae and proceeded to the mountains when 
the coming of spring made field work possible. As only two 
tractors were available, the breakdown of any one, through 
mechanical troubles or crevasse accidents, severely affected 
the programme and, on the average, only 15 to 20 man-days 
were spent annually on productive geological fieldwork. On 
occasion only the presence of dog teams prevented all field 
activities from coming to a standstill and in 1964 no field work 
at all could be undertaken. Since 1969, however, the logistics 
have been much improved. 

In 1969, at the instigation of the then Programme Director, 
Dr D.C. Neethling, a small subsidiary base, subsequently 
known as Borga Base, was built at HuJdreslottet (72°58'S, 
03°4S'W) (Fig. 2) in the Borgmassivet some 300 km south of 
Sanae. When logistically possible, teams of two geologists and 
two support personnel proceeded there in February or March 
al'td wintered over, with the result that with the onset of spring 
they were able to commence field work immediately. The 
building of this base and subsequently another at Grunehogna 
(72"02'S,02°4S'W), 195 km south of Sanae in April 1971, 
resulted in the time usefully spent in the field increasing to some 
45 days per geologist. Despite often ideal weather conditions, 
however, field work usually had to be cut short as the teams had 
to return to Sanae before the end of January for the homeward 
voyage ofthe relief vessel the ''RSA" to Cape Town. 

Over the period 1960 to 1975, 23 geologists took part in 
South African expeditions. They were: V. von Brunn (1960), 
B.C. Butt (1961), D.C. Neethling (1962), 0. Langenegger 
(1963), A. duPiessis (1964), W .H. PoUak (1965), E . de Ridder 
and H.A. Bastin (1966), J .R. Retief and C.S. Kingsley (1967), 
B.R. Watters (1968), A.P.H. Aucamp (1968, 1969), L.G. 
Wolmarans (1969), H. Kahle and D. Vaclavik (1970), J .H. 
BredeU and A. W. W. Paterson (1971), C.L.J. Minnaar (1972), 
C.Z. van Zyl (1973), R .D.J. Gavshon and J.M. Erasmus 
(1974), R.G. Heard and G.P. Meioeke (1975). 

In 1971 radio·echo sounding to determine the thickness of 
the ice on the shelf and in inter-nunatak areas was commenced. 
An electrical engineer, T.G. Schaefer, was appointed to the 
field party for this purpose. The work was continued by 
electronic technicians - R.B. van Zyl (1972/73), S.G. 
Sch6nfeld (1973n4) and H.P. Barnard (1974n5). 

South African earth science activities in Antarctica are co
ordinated by the Earth Sciences Subcommittee (Chairmen: 
ProfessorS.P. Jackson 1969to 1977, DrW.L. van Wyk 1977to 
1979, Mr L.N.J. Engelbrecht 1980-) of the South African 
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Scientific Committee for Antarctic Research (SASCAR), 
being formulated , when logistically possible, in accordance 
with the recommendations of the SCAR Working Groups on 
Geology, on Solid Earth Geophysics and on Glaciology . The 
research progranune, which was supported logistically by the 
Department of Transport, was administered by the Geological 
Survey of South Africa in which ao Antarctic Section. headed 
by a Co-ordinating Geologist for Antarctic Research , was 
established in 1963 following approaches made to SASCAR by 
the then Director of the Geological Survey, Dr F.C. Truter. 
Research activities, which had been conducted on an ad hoc 
basis, were thereafter formulated as a multi-disciplinary 
programme. Dr D.C. Neethling, who had then just returned 
from Sanae. served in this capacity from 1963 to 1970. Since 
then the post has been filled by Mr L.G. Wolmarans. Dr. 
Neethling was also Programme Director for earth science 
activities in Antarctica and the South African representative on 
the SCAR Working Groups for Geology and for Glaciology. In 
1970 he was succeeded by Dr L.E. Kent, Deputy Director of 
the Geological Survey, who then also became the South 
African representative on the SCAR working groups tmtil his 
retirement in 1976. 

Field work came to a temporary halt at the end of the 1975n6 
season. By then, virtually all the nunataks reasonably 
accessible from Sanae and the Borga and Grunehogna bases by 
oversnow traversing had been geologically studied and 
mapped. It was decided by SASCAR, on recommendation of 
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the Geological Survey, to halt future work until helicopter
supported summer expeditions became possible in 1980/81. 

Tribute must be paid to the leaders. scientists and logistic 
personnel of the expeditions for their willing assistance and 
support of the geological/geophysical field operations over the 
years. Teams of volunteers from Sanae rendered indispensable 
service by establishing and replenishing depots of fuel and 
food, bringing in building material for the mountain bases and 
helping in their erection and, on occasion, mounting rescue 
operations. Their absence from Sanae naturally meant that 
those remaining there had to shoulder increased work loads. 

The present volume is partly a digest and synthesis of the 
mass of data contained in papers published in journals and 
international symposia volumes, in theses, and in expedition 
reports and field notes. The data vary considerably in depth 
and this is unavoidably reflected in the compilation .In addition, 
several studies were made especially for this volume. These 
include a detailed examination of samples of metamorphic 
rocks of the Kirwanveggen by R.C. Wallace and palaeo
magnetic determinations by D.l. Henthorn, both of the 
Geological Survey, radiometric dating by H.L. Allsopp, 
T.P. Elworthy, B. Masina,J.M. BartonandE.S. Bartonof the 
Bernard Price Institute of Geophysical Research, and rock 
analyses by the Geological Survey Laboratory. 

A set of three geological maps, on a scale of 1 :250 000, 
covering the whole of the area mapped by South African 
expeditions has been compiled using the available information. 
These are included in a pocket at the back of this volume.+ 

Fig. 1 Antarctica in relation to South Africa and South America. 
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THE EXPLORATION OF WESTERN 
DRONNING MAUD LAND 

The South African Antarctic base Sanae, 2 340 nautical miles 
( 4 330 km) south-west of Cape Town, lies on the Kronprinsesse 
Martha KystofDronning Maud Land (Fig. 3). In this sector of 
Antarctica the Russian expedition of 1819 to 1821, led by F. F. 
von BeUingshausen and M.P. Lazarev in the ships Mirnyy and 
Vostok, was the first to sight the ice-front, the seaward edge of 
the ice-shelf that fringes the continent, at places between about 
1° and 3o west of the Greenwich Meridian. Over a century 
elapsed before another ship reached this coast. It was the sealer 
SI S Norvegia of the Norwegian whaling king Lars Christensen, 
captained by Nils Larsen. In February 1930 the section of the 
ice-front from just east of the Greenwich Meridian to beyond 
Kapp Norvegia in the west was explored and named Kron
prinsesse Martha Land, later Kyst. Earlier in the year an 
aeroplane from Norvegia, piloted by Finn Li.itzow-Holm , 
discovered mountainous land farther to the east, which the 
leader of the expedition, H. Riiscr-Larsen, named Dronning 
Maud Land in honour of the Queen of Norway. Following 
these discoveries, the sector of Antarctica from Coats Land 
(200W) to45oE was annexed by Norway in January 1939. 

The Third German Antarctic Expedition of 1938139 led by 
Alfred Ritscher used a vessel, the Schwabenland, which carried 
two catapult-launched Dornier-Wal flying boats. Aerial 
surveys of the area from 120W to WOE and extending south to 
74°30'S, which involved 1 600 km of flying, were made over the 
period 19th January to 15th February 1939. This area was 
named Neu-Schwabenland. Extensive mountain ranges, 
named the Wohlthat Massiv and the Miihlig-Hofmann
Gebirge, were found towering above the ice (Fig.3). A map 
(1:1 500 000 scale) of the area on which these and a number of 
other geographic features were named was published (Anon. 
1939). The Germans landed at three places along the ice-front , 
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two near the present Sanae. No landings were made inland but 
flags were dropped. 

A few weeks later (March 1939} the RRS Discovery JJ sailed 
along theKronprinsesse Martha Kyst. No landings were made, 
but some nunataks were clearly seen at 1°30'E and farther 
eastwards (Mackintosh 1941}. 

The first oversnow exploration of western Dronning Maud 
Land was by the Norwegian-British-Swedish Antarctic 
(NBSA) Expedition of 1949 to 1952 led by the Norwegian, 
Captain John Giaever. Aeroplanes from the supply vessel 
Norse/ carried out aerial surveys. 

Using dog teams, the geological and topographic party 
traversed the area between the expedition's base at Maudheim 
(71"02'S, 10055'W) and OlOJO'E and southwards as far as 
73°37'S. A baseline 2 km long was measured on the plain north 
of the Advanced Base at Pyramiden. Its position was fixed by 
multiple solar observations and a primary triangulation net was 
established. Topographic detail was obtained largely from 
paired stereoscopic panoramas photographed from vantage 
points. As a check a second baseline was laid out on the eastern 
side of the Jutulstraumen (Roots 1953). 

The expedition named all prominent topographical features. 
Several of the names commemorate members of the expedition 
and those responsible for its planning. Some of the German 
names were retained, whilst others had their suffixes translated 
into Norwegian. Many features named by the German 
expedition could, however, not be positively identified as the 
German map of Neu-Schwabenland is in places very inaccurate 
due to the complete Jack of ground control. Furthermore, as aU 
but two of the 11 600 air photographs and all the 16 mm film 
taken by the seaplanes were destroyed during World War IT, 
field checking was not possible (Von Brunn 1964a, Roots 
1954). Nevertheless, some ofthe German names, such as Neu
SchwabenJand, are stiU used on maps published by the US 
Navy, the American Geographical Society, and by the Soviet 
Union. 

Fig. 3 The mountain ranges of Dronning Maud Land. 

Fig. 2 The part ofDronning Maud Land investigated by South African expeditions. 
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Geological studies on the NBSA Expedition were of neces
sity of a reconnaissance nature. Nevertheless, during the two 
summer seasons the two geologists not only mapped exposures 
extending over an area of more than 50 000 km2 , but 
established a stratigraphiccoiUlilrt (Roots 1969) which in broad 
outline agrees with the present one. 

A very important accomplishment of the NBSA Expedition 
was the determination of ice thicknesses by seismic shooting. 
The 600 km traverse, undertaken by the party under G. de Q. 
Robin, extended from the Maudheim ice shelf south-east
wards to the Borgmassivet, and on to the Polar Plateau. The 
most southerly point was at 74"20'5, 00"48'E. The maximum 
thickness of ice was found to be 2 450 m on the Polar Plateau. 
The Pencks<>kket (Fig. 3), the major ice-stream which they 
crossed en route, proved to occupy a deep fjord-type valley 
with a rock floor that is well below sea-level (Robin 1958). 

The glaciological field party made observations on snow 
accumulation and on ice flow in the area between Maudheim 
and the northern Ahlmannryggen, and in the Borgmassivet. 
The party also crossed the Jutulstraumen to work in the H. U. 
Sverdrupfjella (Fig. 3) (Giaever 1954). 

A Norwegian expedition, led by B. Luncke, was the next to 
visit the area in 1958/59. It established the fGY base, Norway 
Station, on the Fimbul ice shelf some 315 km east of 
Maudheim. The observations made were mainly in the fields of 
meteorology, upper atmosphere physics and glaciology. 
Extensive aerial photography, to supplement and extend that 
of the NBSA Expedition was also carried out (Luncke 1960). 
Virtually the whole of Dronning Maud Land, where rocks are 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

exposed, was covered by oblique aerial photography, and the 
Norsk Polarinstitutt published two series of topographical 
maps on scales of 1:500 000 and J :250 000 during the period 
1957 to 1964. 

Soviet geologists and geographers from Novolazarevskaya 
(Fig. 3), 520 km east of Sanae, undertook reconnaissances 
intermittently in the Ahlmannryggen and Borgmassivetduring 
the period 1959 to 1968 using small ski-equipped aircraft. Their 
work is discussed in the chapters on geology. 

British expeditions based at Halley Bay have mapped in the 
Heimefrontfjella and Vestfjella to the south-west of Sanae. 

In 1967/68 a joint South African-Belgian summer expedition 
was organized. Five South African and four Belgian geologists 
participated under the joint leadership of Drs D. C. Neethling 
and T. van Autenboer. Belgian aircraft, transported on the 
'"RSA", flew the South Africans to the Borgmassivet and the 
Belgians to the eastern part of the H. U. Sverdrupfjella. Two 
further joint summer expeditions, mainly for airborne radio
echo sounding by the Belgians, took place in 1968/69 and 1969/ 
70. During the last one the Belgian Otter aircraft was burnt out, 
following a crash soon after the expedition arrived, and no 
work could be done. 

South African expeditions have worked in the area since 
1960, and up to 1975 geologically mapped virtually all the 
exposures in the area between 71° and 74°12'S and from about 
1° to 6°W. Selected areas were mapped on scales of as large as 
1:25 000. For base maps, sections of the 1:250 OOOsheets ofthe 
Norsk Polarinstitutt were enlarged.+ 

Fig. 4 Aerial view, looking south, over the Fimbulisen. The ice front with a bukta is in the foreground , and the Ahlmannryggen and 
Borgmassivet on the centre skyline with the H. U. Sverdrupfjella in the left background (Photo-Norsk Polarinstitutt). 
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PHYSIOGRAPHY 

INTRODUCTION 
The area investigated (Fig. 2) by geological field parties from 
Sanae lies just west of the Greenwich Meridian, between the 
Jutulstr.aumen on the east and a smaller glacier, the 
Schyttbreen, on the west. It extends from the ice front on King 
Haakon VII Sea southwards to 74°12'S, comprising some 
48000km2• 

The area includes the western end of a chain of mountains 
extending throughout Dronning Maud Land, almost to 
Enderby Land (Fig. I). Along the Greenwich Meridian it is 
bisected by the Jutulstraumen - one of the main drainage 
glaciers of the Antarctic ice-cap, being surpassed in size only by 
the Lambert Glacier. The Jutulstraumen is 300 km long and 
fills a trough from 40 to 100 km wide which separates highly 
metamorphosed and folded rocks on the east and south from 
predominantly Hat-lying, only slightly metamorphosed 
sediments invaded by thick mafic sills to the west. The South 
African geological investigations have been concerned mainly 
with this western area, which falls naturally into five regions. 
From north to south they are: the floating Fimbul and Jelbart 
ice-shelves, the relatively low mountain ranges of the 
Ahlmannryggen, the Borgmassivet, theKirwanveggenescarp
ment, and finally the Amundsenisen which forms part of the 
Polar Plateau (Fig. 3). 
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thickness unw, about 110 km from Sanae at the so-called 
"hinge area" , where it ceases to float, it has a surface elevation 
of about 100 m and is some 600 m thick (Fig. 5). Depressions, 
ranging from 0,5 to 1,5 km wide and up to 15 m deep, have been 
reported from parts of the hinge area (Swithinbank 1957, V on 
Brunn 1963). The principal feature of the hinge area is, 
however, the crevasses. Some of them , known as strand
cracks, are tensional due to the tidal rise and fall of the floating 
shelf while others are due to shearing. The vertical tide
induced motion at the seaward end of the ice shelf was found by 
gravity observations to range between 0,70 and 1,65 m (Pollak 
& Sharwood 1971). Crossing the crevassed hinge area has 
always been a major obstacle on oversnow journeys from Sanae 
to the mountains. 

West of Sanae the Fimbulisen is grounded on a shoal which 
has resulted in the formation of the north-trending ridge of the 
Eskimo and Blaskimcn ice rises (Fig. 2). The highest point on 
the ridge, the summit of the 35 km-wide dome-like BIAskimen, 
has an elevation of about 350 m. Here the grounded ice is about 
400 m thick (Van Autenboer&Decleir1972). Westofthisridge 
is the Jelbartisen . Other ice rises caused by the grounding of the 
shelflie to the north-east and south of Sanae. 

A shallow depression and a 0,5 km wide strand-crack zone 
mark the boundary between the eastern foot of Blaskimen and 
the adjoining floating section of the ice shelf. Much of the 
crevassing is due to shearing between the moving shelf and the 
fixed ice of the ice rise. As Swithinbank (1957) observed, each 
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Fig. 5 Longitudinal profile ofthe Fimbulisen from the ice front to the mountains (after Neethling 1972a). 

THE ICE SHELVES 
The ice shelves are those parts of the Antarctic ice-sheet 
extending seaward from the coast. They are restrained from 
floating out to sea by being grounded in places. 

The ice-front, the seaward-facing margin of the ice-shelves 
(Fig. 4), is a vertical cliff with an exposed height of up to about 
50 m. Its course is sinuous and there are gulfs, peninsulas and 
bays, both large and small, the latter being known by the 
Norwegian term as "bukten". North and north-west of Sanae a 
number of these bukten occur in the ice~ front and continue into 
the ice-shelf as broad valleys. The sides of these valleys are 
delineated by major crevasses; it is apparent that they have 
been developed by the sea exploiting lines of weakness in the 
ice-shelf. These bukten are up to 5 km long and average 1 to 
2 km in width. During the winter they are covered by sea ice up 
to 3 m thick, which often persists well into the summer before 
breaking up. 

At Sanae Base, which is located on the Fimbulisen about 20 
km from the ice-front and 55 m above sea level, radio-echo 
sounding indicates that the shelf is about 300 m thick (Van 
Autenboer & Decleir 1972, Schaefer 1973, Van Zyl 1973). 
Southwards it rises gradually in elevation and increases in 

of the large ice shelves in western Dronning Maud Land is 
flanked by arms of inland ice and locally grounded areas which 
provide anchorage for the floating shelves. Without such 
protection the northward-moving ice would break up and drift 
out to sea. 

The 100 km-wide Jutulstraumen glacier forces its way 
through the Fimbulisen. Formerlyitprojectedseawardsasa 120 
km-long tongue, theTrolltunga. In 1968about lOO km broke off 
and Nimbus satellite imagery showed that its fragments drifted 
westwards to the Weddell Sea (Neethling'1969a, 1972a). 

THEAHLMANNRYGGEN 
At the hinge line the featureless, flat ice shelf gives way to the 
undulating landscape of the inland ice sheet. The undulations 
and other irregularities, such as broad step-like features, are 
expressions of the uneven subglacialland surface. 

The Ahlmannryggen is a broad, north-easterly trending 
ridge bordered by ice streams, the Jutulstraumcn (Fig. 6) on 
the cast and the Schyttbreen on the west. Rock outcrops are 
scarce and occur as scattered nunataks and groups of nunataks 
(Fig. 7). ln general the snow surface slopes to the north. 
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Fig. 6 A<!rml view. luok.mg '>Outh·wc,t. over the heavily creva11scJ Jutulstrnumcn tuwarJs thl Ahlmannryggcn and Borvmassivel 
(Photo - Norsk Polannstnull). "' 
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Fig. 7 Aerial view, looking ~outh-southwcs t, over the Ahlmannryggen toward~ the Borgmassivct. Th~ Grunt-hogna nunatak group is in 
the foreground (Photo - Norsk Po larinstitutt). 
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Fig. 8 Aerial view .looking north, over Borga in the foreground towards the Ahlmannryggen. The easily identifiable peak of Istind is in 
the extreme right background (Photo- Norsk Polarinstitutt). 

descending from some 1 400 m in the south-eastern part of the 
Ahlmannryggcn to about lOO m at its junction with the 
Fimbulisen. This slope is also reflected by the summit levels of 
the nunataks, which decrease from 1 800 m in the south to less 
than 200 m in the north and they aL<>o diminish northwards in 
both abundance and size. 

The erosion of the rocks in the Ahlmannryggen is typically 
alpine. Exposed surfaces are shattered, principally by frost 
action, leading to scarp recession and the formation of cirques, 
and resulting ultimately in knife-edged aretes and pyramidal 
horns. The best example is the Matterhorn-li.ke lstind 
(1 838 m), the highest and most prominent peak in the 
Ahlmannryggen {Fig. 8). 

The landscape, with its highly dissected and isolated rock 
exposures, is mature and it is noticeable that small horns, which 
are at a late stage of erosion, are especially common in the 
northern part of the region. 

The Ahlmannryggen is separated from the adjoining Borg
massivet by the east-northeast trending Viddalen ice stream, a 
tributary of the Jutulstraumen. 

THE BORGMASSIVET 
The Borgmassivet has a much greater proportion of exposed 
rock (Fig. 9) than the Ahlmannryggen. It comprises an area of 
some 1 500 km2 of which mountains and nunataks make up 
r('lughly lO per cent. as compared with the two per cent for the 
Ahlmannryggen and Swithinbank's (1959) figure of rather less 
than one percent for western Dronning MaudLand as a whole. 

Furthermore, the mountains of the Borgrnassivet are, in 
general, closely spaced, flat-topped and bLock-like. They are 
higher than those of the Ahlmannryggen and are characterized 
by sheer rock waUs towering as much as l 000 m above the 
surrounding ice. Here the mountains were shaped mainly by 
scarp recession rather than cirque recession as in the 
Ahlmannryggen. The largest mountain, the mesa-like Borga 
(Figs. 2, 8 and 9), has an area of 30 km2 and its highest peak. 
Hogsaetet, rises to 2 717 m. In contrast the elevation of the 
snow surface in the Borgmassivet ranges from about 1 600 to 
2 000 m. Due to high winds little snow accumulates on Borga 
and it has no ice cap. Other mountains, such as Domen and 
Hogskavlen , have thin cappings of ice {Fig. 10), but due to the 
low rate of accumulation these are virtually stagnant. Some of 
the few cirques in the Borgmassivet do, however, contain 
glaciers, some of which are of the hanging type. 

In the Borgmassivet the thick mafic sills that intrude the 
near-horizontal sedimentary rocks have exercised more 
obvious control on the development of the topography than in 
the Ahlmannryggen. These sills are more resistant to frost 
weathering, with the result that many of the mountains are 
table-like, their tops being sills. Lower-lying sills have 
commonly led to the development of a series of steps leading to 
the crowning sills. 

A remarkable feature is the straight, parallel-sided sheer
walled Raudbergdalen that cuts through the Borgmassivet 
(Figs. 2 and 11). Like the Ahlmannryggen it follows the 
dominant tectonic direction of north-east. lt is 50 km long and 
ranges in width from 5,5 to 8 km. A few km to the south-east it 
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Fig. 9 Aerial view, looking south, over Borga in the foreground and the Borgmassivet. The Kirwanveggen is in the far background 
(Photo - Norsk Polarinstitutt). 
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Fig. 10 Aerial view, looking north-east, over the Borgmassivet with the partially cloud-covered H.U. Sverdrupfjella in the far back
ground (Photo - Norsk Polarinstitutt). 

is paralleled by the valley of the Frostlendet. 
The floor of the Raudbergdalen contains two passes and two 

low points at which ice drainage meets head-on before escaping 
southwards to join the Pencks6kket. Roots (1954) was 
impressed by its scenic beauty - "sheer, bare cliffs of rich 
olive-brown and reddish-brown rocks, ... in places built of 
innumerable vertical columns like thousands of broken organ
pipes, topped by thick blue ice cliffs ... Here and there the dark 
cliffs are interrupted by narrow ice cascades of awe-inspiring 
steepness". 

THE KIRW ANVEGGEN 

To the south-east of the Borgmassivet and separated from it by 
the Pencksokket, a large north-easterly flowing ice-stream, lies 
the Kirwanveggen, a 200 to 500 m high escarpment some 175 
km long, that forms a barrier damming up the inland ice of the 
Polar Plateau. Its crests have a rather uniform elevation 
ranging from 2 310 m in the south-west to a maximum of 
2 534 m near Heksegryta in the central section. This may be tbe 
result of peneplanation which Aucamp et al. (1972) thought to 
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be the equivalent of the Maya erosion surface of the Trans
antarctic Mountains to which a late Palaeozoic age has been 
ascribed. The escarpment is overridden by the Polar ice-cap at 
several places (Fig. 12), for example the Tverreggbreen 
between Heksegryta and Hallgrenskarvet. Small glaciers How 
through breaks in the escarpment to join the Pencksokket. 

To the north-east the Kirwanveggen ends against the 
Jutulstraumen which here, where it debouches from the Polar 
Plateau, is 70 km wide. On the far side the Polar ice-cap is 
bounded by the H . U . Sverdruppfjella. 

THE AMUNDSENISEN 
The last of the physiographic regions is the Amundsenisen 
which forms part of the Polar Plateau. Its very subdued 
topography was ascribed by Swithinbank (1959) to the great 
thickness of ice, of the order of 2 400 m. The general rise in 
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elevation towards the South Pole is so small that it is hardly 
noticeable and, in contrast to the inland ice of the mountainous 
regions, there are virtually no crevasses. It is indeed a sea of ice. 

MORPHOLOGY OF THE SNOW COVER 
The surface of the snow that covers virtually all the ice is 
sculptured and modified by the wind which often blows at gale 
force. Wind ersosion of hardened snow commonly results in 
the formation of sharp-crested, rather irregular ridges, known 
as sastrugi, that rise to as much as a metre above the general 
snow level ; usually, however, they seldom exceed 0,3 m. Other 
features include drifts that form in the lee of obstructions or are 
heaped by wind eddies; hard wind-compacted areas known as 
wind slabs, or wind crusts; ripple-marked surfaces and, less 
commonly, small barchan dunes. These dunes range from 
about 1,5 to 30 m in length, I ,0 to8 m in width , but their hctght 

Fig. 11 Aerial view, looking east-southeast, over the Borgmassivet with the straight-sided, ice-filled corridor of the Raudbergdalen in 
the centre (Photo- Norsk Polarinstitutt) . 

Fig. 12 Aerial view. looking south-east, over the ice-sculpted masses of Tunga and Uven in the !Si~anveggen, onto the Polar Plateau. 
Note the heavily crevassed 400 to 500 m-high ice fall along the escarpment (Photo - Norsk Polannstttutt). 
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seldom exceeds 0,25 m. They are generally isolated. but chains 
of up to four barchans have been noted and small ones 
frequently occur on the backs of large ones. T hey have been 
observed to advance as much as 3.5 m in an hour (V on Brunn 
1963) but their mobility is usu::tlly short-lived_ Once rhe wind 
abates in force the barchans become stationary anJ the snow 
particles become cemented together. Hardened barchans thus 
remain unaffected , save for abrasion during succeeding 
blizzards. 

Around most nunataks there are. wind scoops. basin-like 
depressions caused by funnelling wind action . Many arc large 
and they are often very usefu l to geologists as., in places, they 
expose the lower parts of nunataks. Most of these wind scoops 
have floors of blue-ice. Away from nunata ks. wind eddies often 
scoUJ· out elongated oval depressions in the snow. 

Small rock exposures which protrude only a few metrel'l 
above the snow surface arc usually surroundt:d by solid ice 
formed as a result of absorption of solar heat by t be rocks. Rock 
bodies CXlJosed on the northern fl anks of ice llitils and ridges arc> 
characterized by radiation gullies at thei r bases, caused by 
re-emission of solar heat absorbed by the vert ical rock walls . 
Small pools of water sometimes form in summer on rocks and 
below north-facing rock walls. 

As almost the entire ice-sheet in the mountains is in the 
accumulation zone. morainesareseldom seen. Where ablation 
domjnates accumularion. typical blue glacial ice is exposed 
which locally carries tal us ridges. Among the best examples are 
the blue-icefields south of Borga and a lso north of Hogfonna 
(Schytt 1961) , north of Jekselen, south-west of Grunehogna 
Peak 1285*, and west of Ovenuten (Van Zyl1974a) . 

MORPHOLOGY OF THE ROCKS 
In places, wind abrasion has polished rock surfaces or pitted 
them giving rise to honeycomb weathering. The cavities in 
honeycombed rock encountered by South African field parties 
did not exceed 0,20 m across (Heard 1976a).ln other parts of 
western Dronning Maud Land, however, they are up to several 
metres in diameter (Bardin 1968). 

MINOR FEATURES 
Accumulations of disintegrated rocks, having some of the 
characteristics of soil , occur sporadically as patches in amongst 
rock outcrops. They are all abumic (i.e. devoid of organic 
matter). 

White efflorescence on rock surfaces was encountered on 
some outcrops. Abundant concretionary deposits of mirabilite 
occur in the scree at UrfjeU in the Kirwanveggen, where it is 
associated with thenardite (Peters in Aucamp et al. 1972). 
Other white coatings have proved to be secondarily deposited 
calcite. 

The vegetation comprises lichens and, rarely, mosses. 
Lichens occur sporadicaJiy in sheltered places on rocks 
throughout the area, but are especially prominent on the most 
northern nunataks of the Ahlmannryggen - (Marste inen, 
Boreas and Passat). They do not occur at elevations exceeding 
2 400 m (Bardin 1968). + 

·u~named peaks in nunatak groups are referred to by their elevations in metres 
as g~ven on the Norwegian topographic maps. 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

GEOLOGICAL SETTING AND 
OUTLINE OF THE GEOLOGY OF 
WESTERNDRONNING MAUD LAND 
Antarctica, disregarding the fringing ace-shelves and adjacent 
islands. has an approximate a rea <lf 12 .. t(l(l 000 km~. rough!} 
ten times the area of the Republir of South Africa 

O nly some 2.C,tJ 000 km1, two per cent of the total area. is 
snow-free and thus delineation of the tectonic fra mework and 
correlation of strati graphic units arc often highly speculative. 

Physiog.raphically and structurally Antarctica consists of two 
provinces that are separated by the 3 500 km-long Trans
antarctic Mountains (Fig. l3). The larger . East Antarctica , 
wb.ich includes Oronning Maud Laml, is essentially a 
Precambrian terrain locally over lain by subbonzontal pial form 
deposits. GeologicaJiy it resembles the other southern 
continents and India and has long been considered to have 
been part of Gondwanaland. Much of West Antarctica, which 
includes the A ntarctic Peninsula is. on the other hand, a 
continuation of the Andean Province of South America and is 
largely made up of younger Palaeozoic and Mesozoic rocks. 

Craddock (1972) subdivided Antarctica into a number of 
tectonic provinces, viz. the East Antarctic shield, four orogens 
in the Transantarctic Mountains and West Antarctica, and a 
Cainozoic volcanic province. On the other hand, Ravich and 
Grikurov (1970) considered that East Antarctica is made up of 
al least three crystalline shields or metamorphic complexes 
welded together by younger, late Precambrian to Palaeozoic 
mobile belts. 

180° 

Fig. 13 The major subdivisions of Antarctica. 
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ln East Antarctica rock exposures are confine-d to the 
Transantarctic Mountains anJ a re latively narrow zone around 
tbe rim of the contine nt. They a re mainly high-grade meta
morphic-s and intrusive igneous rocks. In O ron ningMaud Land 
they form an arcuate chain of m~.mntains extending over a 
distance of t 700 km . fro m the eastern side of the Weddell Sea 
to ju.st east of Ender by Land (Fig. l ), the exposed width 
averaging 75 km. 

In very broad terms western Oronning Maud Land can be 
divided imo two geologrcal Lt!rranes; the polycyclically 
defonned. high-grade metamorphic rocks of the East 
Antarctic cry~talline basement Io the cast oft be Jutulst raumen 
and Pcnchtik.J..ct . anti the relatively undisturbed sedimentary
volcanogenrc platform cm, er to the west of it. 

The basemt:nt rnch lY>rnprise mainly granitized anu mig
matiz~d JWr(lxene-plagiognetsses and schists with subordinate 
quartzi t~~. aluminous gneis~t:s and ~chists . ~.:akrphyres, and 
diopsrdic and gametrfernu' rocks. Arcun.ling to Grikurov et al. 
( 197:2). tJ1e source rucks wt•re andcsitc basalt lava-; tQ the extent 
of about 70 per cent and :he balance arenaceo us, siliceous
argillaceuus :tnd carbonate ~edirnents. Intense early 
Prorerozmc tectogencsis has. an places. transformed these 
rocks. whil:h are of the granulite facics. into those ot the 
amphibolite facks. rhese pc1lymctamorphics occur in blocks or 
"basemenr projections .. 100 to 200 km in kngrh. )f which 
constderahle parts are occupred bv a:h:lrnockite intrusiom that 
were apparently generatrd in the course of transformations 
<tnd accompanying rhcumorphism In the earha stages 
endcrhite:; Wt!re formed and in the latter stages ~,:hanwckiies 
(Grikuroveut!. 197~). 

Associmell with the amphibolhc-facies blocks are meta
morphosed !,!.abhroic flll'ks ami anurtl10:.ites. wlule small 
bodjes of unm<'tamorphosed sycnitcs und graiu tcs o~.·cu r rather 
-;poradic~ally. 

TI1e •mt>horiznntal -;uccession of sedimentary and volcano
genic rfld:> to the \vest nf the Jutulstruumen has been shown to 
be at le:rst I 700 Ma old (All~opp & ~eethling 1':)70). Since 
deposition the succes:;ion hall remained rdatively unuisturhcJ. 
being subjected mainly to epeirogenesis. lts ueposition began 
in u ~hallow-water basin. During tho:: later stages. pene
contemporaneoll<; volcanic activity commenced in the northern 
and eastern part:. o f the basin , as now ex'Posed . T his gave rise 
locally to subordinate, intcrlayercd volc<miclastics. whrlc 10 

places thick succe<><;ions of volcamclasttcs resulted. In lhe 
northern pan extrusion of andesiuc la vas predomjnated . T his 
period of volcanic activity was preceded . or possably 
accompanied. by the intrusion of thick malic sills which 
comprise the majority llf the rocks exposed. 

Lithostrat igraphicaUy the platform succession comprises a 
number of form ations combined inw two groups. rhe lower. 
Ahlmarrnryggen Group" hich is mainly sedimentary. consists 
of the Pyramiden . Framryggen. S~,:humacher I jellet . Hogfonna. 
Raudberget and Jekselen Formations. !he upper, mainly 
volcanogenic. JUiulstraumen Ciruup compnse~ the VidJalen 
Subgroup consisting or the Timlcklypn anu l..;tand Fl)!tnatmns. 
and the Fascllfjellet and Straumsnntane Formattnn~ . The two 
Groups arc c:onsiden.::d rn be partly contemporam:ous. h.lf this. 
and other reasons, thev a!·e included in a Rttschertlya 
Supcrgroup. 

The Ritscherflya Supergroup js cx1t:nsively intruded by the 
matic Borg.massivet lnt rusives. Two other lithologJcaily 
dist inct suite~ of intrusives. the uJ tramafk Rol:>hertsko llen suite 
onu the felsic Nib Jt'irgt>nUUI<JIIe suite .-.Ire. on pre:>l'rtl <:'ViJencc. 
probably genetically associated with the Borgmassivet 
lnlrusives. 
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[n the extreme south-eastern part of the Kirwanveggen. and 
separated from the Borgmassivet by the Pencksokket , another 
succession of sedimcnts and volcanics occurs. H ere the Urfje ll 
G roup, a folded succession of quartzites and conglomerates 
regarded as early PaJaeozoic in age. occurs in tectonic contact 
wi th the crysta lline basement. Tiu• Urfjell Group is. in turn. 
unconfo rmably overlain by about lOO m of flat-lying sand
stones. wrth intercalated conglomerates and shales, of the 
probably Pcrmian , Amd ang Formation. T hey are, in turn. 
conformably overlain by more than 300 m of Jurassic basaltic 
lavas. the Kirwanveggen Fonnation. + 

RITSCHERFI .. Y A SUPER GROUP 
The Rit.<;<hcrnya c.;up.:rgroup comprises a sub-horizontal, 
.,~'dim~:ntai)-H'Ican•,gcrm: 1\Uccession exposed in lhe 
Ahlmannrvggen :md Borgmassivet areas of we~ tern Dronning 
Mautl Lmd. ~inn· it;; d..:po~ilion during the Late: Prec.:ambrian, 
it Ita~ been .;ulltected to unly low-grade metamorphism and 
cpl.'it~Jgcnk m<•\ements., The succession has been extensively 
im adcu b~ m.tti~.: l.111U, to n lesser extent. ultramalk a nu felsic 
intru\lve,. 

fhc.: l{ltschcrflya Supergroup is made up of the Ahlmann
ryggen and Jutulstraumt:n Groups. 

HISTORICAL REVIEW 
The determination of Lhe stratigrapb.ic succession of the 
platfom1 deposits of the Ahlmannryggen and tJ1e Borgmassivet 
has aroused much controversy. 

E.F. Roots and A . Reece, the geologists of the NBSA 
Expedition of 1949 to l952, divided the exposures into a 
"typical continental assemblage" of s lighlly metamorphosed. 
!>Ub-horizont<tl clastic sedimentary rocks (graywackes. sil t
stones and impure S<tndsLones with minor shales. mudsto nes 
and conglomerate~ ) anti a .,ounger volcanl.lgenic unit of mainly 
andesitic lavfu. with subordinate agglomerates and conglo
merates. Although no identi tiable fossils weTe fmmd . a post
C.aml,rian ::tge was decm~·d most likely ( Roots 1953). 

Reece ( 195~ ) . in discussing a paper t?Y King ( l958a). 
publr~heu ,t prm isional sequence. In replying . King (1951-!b), 
from a ~tud) ll [ rock specimens collectc:d b} Roots and Recce. 
pointcJ out that conglomerates witll pebbles or red jasper 
assigneu by Recce to the to p uf the su~cession closely resemble 
the t·iiJjtc ol the Owyka Formation in Natal and suggested that 
the stratigraphy had , in part. been inl~orrectly iuterpreted and 
that the conglo merates should be " located in the lower part of 
the sequence" . He a lso remarked on th<! lithological resemh
lance between t be:: suc~.:ession in western Oronning Maud Land 
and ·' the rocks of the Karoo System as developed along Lhe 
nank of south-eastern Africa" . 
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The firs_t SANAE geologist to publish a stratigrapllic column 
of the sedtmeotary rocks of the Ahlmannryggen was Neethling 
(1964). He stressed that the displacement of the individual 
massifs due mainly to block faulting and the dislocations 
brought about by the intrusion of thick mafic sheets rendered 
intercorrelatiou tentative and to some ex rent unreli;ble. 

Neethling (1964) considen:d that the low-grade metamor
phism and the broad lithological similarities to the pre-Beacon 
sedimentary sequences found at Mount Sandow on the Queen 
Mary Coast of Wilkes Land and in the southern ranges of the 
Prince Charles Mountains of the Lambert Glacier area ··may 
well be indicative of early Palaeozoic deposition·· . ln arriving at 
this conclusion he differed from Von Brunn (1964b) who, on 
the grounds of petrographic similarities, suggested that the 
intrusive mafic sheets of the Ahlmannryggen may be coeval 
with the Jurassic Ferrar Dolerites in the Transantarctic 
Mountains. 

Using light aircraft, Soviet expeditions from Novolaza
revskaya made several landings in the Ahlmannryggen and the 
Borgmassivet during the period 1959 to 1968. From these 
reconnaissance surveys, Ravich and Soloviev (1969) concluded 
that Roots' (1953) volcanic unit is older, not younger, than the 
sedimentary succession. Specimens from part of the sedimen
tary succession were found to contain spores (Rifenites) 
identical with the spore complex identified in Late Riphean 
(Vendian) sedimentary rocks of the Russian Platform (Ravich 
& Soloviev, 1969) - i.e. Late Precambrian. Neither Ravich 
and Soloviev (1969) nor Klimov er al. (1964) produced a 
stratigraphic column for the succession, which they considered 
to be more than 1 km thick. They concluded, however, that 
these rocks, as well as the sedimentary-volcanogenicformation 
exposed at Mount Sandow in the Denman Glacier area of the 
Queen Mary Coast should be assigned to the basal part of the 
sedimentary cover of the pre-Riphean Antarctic platform, with 
an age of Riphean to Cambrian. 

Roots (1969) published a more detailed map of the area that 
he and Reece had investigated from 1950 to 1952. He created 
an Ahlmannrygg Group, comprising four formally named 
formations for the sedimentary successions exposed in the 
Ahlmannryggen and the Borgmassivet. He considered it to be 
of Late Precambrian to Early Palaeozoic age. The volcanics 
were placed in a younger Trollkjell Group (Fig. 14). It should 
be noted that Neethling (1969b), independently, had proposed 
an Ahlmannryggen Group to embrace a more extensive 
succession. 

Neethling's final proposals (1970, 1972b) were for a Ritscher 
Supergroup made up of a lower Ahlmann:rygg Group as 
defined by Roots. a middle Jutul Group, and an upper 
Trollkjellrygg Group of which Roots' TrollkjeU Group (under 
the name Straumsnutane Formation) forms a part (Fig. 14). 
The main (1970) change, compared with his earlier proposals, 
is that the volcanic Straumsnutane Formation was lowered in 
stratigraphic position and tentatively placed between the Jutul 
Volcanics and the Tindeklypa Formation as he considered it to 
be more closely related to the Jutul and Ahlmannrygg groups. 
He noted (1970) that at a symposium on Antarctic Geology 
(Oslo, 1970) he had had informal discussions with Professor 
Ravich and Dr Soloviev and they had accepted his inter
pretation of the succession. 

Neethling's (1970) proposal was subsequently criticised by 
Bredell (1976, 1982), who renamed several stratigraphic units 
and rearranged thestratigraphic column as shown in Figure 14. 

The present authors are, however, of the opinion that the 
concept of a Supergroup should be retained., although the 
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name has been slightly changed to the geographically and 
IithostratigraphicaUy correct name of Ritscherflya 
Supergroup*. 

AHLMANNRYGGENGROUP 
The Ahlmannryggen Group is the lower, sedimentary unit of 
the Ritscherllya Supergroup. It comprises six formations, the 
upper ones being characterized by red beds and the presence of 
volcaniclastics, and is widely distributed throughout the whole 
of the Borgmassivet and the southern part of the Ahlmann
ryggen. 

Pyramiden Formation 

Definition - the Pyramiden Formation comprises a succession 
of alternating greenish-gray graywackes and dark gray 
silts tones with minor shales and mud-pebble conglomerates. It 
is assumed to be the basal formation of the Ahlmannryggen 
Group as it is thought to underlie the SchumacherfjeiJet 
Formation structurally and presumably stratigraphically. 
Neither the top, nor the bottom of the Formation is, however, 
exposed. The type locality is at Pyramid en (Fig. 15) at the head 
of the Viddalen, the glacier valley that separates the Ahlmann
ryggen from the Borgmassivet. 

Historical Review- the succession at Pyramid en Nunatak, site 
of the NBSA Expedition's Advanced Base, was included 
amongst the undifferentiated "clastic sedimentary rocks" of 
the Ahlmannryggen and the Borgmassivet by Roots (1953). 
Subsequently (1969), he placed them in the Lower Borg 
Formation of his Ahlmannrygg Group (Fig. 14). 

Distribution - the Formation is exposed (Fig. 15) at 
Pyramiden and at the nunataks Sphinksen and Knallen 
immediately to the south and west (Potlak 1966). Lithologi
cally similar successions occur some 60 km east ofPyrarniden at 
Nashoroet, Viddalskollen, and Nashornkalvane, situated on a 
north-east treading ridge at the confluence of the Viddalen and 
Jutulstraurnen glaciers (Bredell 1973). These nunataks are 
separated from the rest of the Ahlmannryggen by the 
Viddalen. Other small exposures correlated with the 
Pyramiden Formation have been found at Babordsranten and 
Kjolrabbane Peak 1611 (Bredell 1976), atTrioen (Neethling et 
al. 1968) and in the Knappane nunatak group (Vaclavic 1972). 

Litbostratigraphy- at the type locality the succession, which 
is some 600 m thick and dips at 2 to 4° to the east, consists 
principally of thin and evenly-bedded, fine-grained, greenish
gray, feldspathic graywacke alternating with dark gray 
siltstone. intercalated blackish shaley layers and, less 
commonly, mud-pebble conglomerates were also noted 
(Pollak 1966). Granite pebbles up to 20mm across occur in the 
graywacke (Bredell1973). 
. Se~entar~ structures noted were mud-cracks, raindrop 
tmpress10ns, npple-marks, a pronounced parting lineation and 
small-scale planar cross-bedding. Copper carbonate staining 
was noticed on some bedding-planes and joint-cracks. 

The only other major exposures of the Pyramiden Formation 
are those described by Bredell (1973, 1976) from the 

•Lithostratigr~phic names have been revised, where necessary, to oon[onn to the 
recommendatiOns of the International Subcommission of Stratigraphic 
Classification (1976). 

Fig. 14 Historical development of ideas on the stratigraphy of the 
Ritschcrflya Supergroup. 

S. Afr. J . Anarct. Res., 1982, Suppl. 2 

"' -c: ::Jo c: ·-GJ"' -2 
~£ 

-N 
CD 
0) .... 

=======================-------~--~d::niO~DN399A~NNVW1PH~V--~ 
~ 
0) .... -

-~ .... -01 
.5 
::c: .. 
a: z 

J) 
N ,.... 
0) .... ..... 
01 
.5 
::c: .. 
I z 

.-. 
01& 

a~ 
.t:. -G) 
G) 

z 

.-. 
0) 

~ 
::. 
!5 
0 
0 a: 

:a 
i ... -01 
.5 
::c: 

I 

.... 
,..: 
CD 
0) ... -

"' c: 
0 

2l·~ 

s~ 

"' c: 
0 

O)"iii 
.... 2 o-eo£ 

I c 
"' .Q 
E<Dro 
~ ~ E 
.:::la 
(/)C:lL 

dnO~D DDA~113r>t110~.1 

c: ~a I c: 
0 "' .Q 
~ ~-;;; Ealro 

-gE ""t'a ~~ E 
~.;:; 0 ~E .::: :J 0 
..!!!LL .Eo (/)C:lL I-lL 

dnO~D DDA~113r>t110~.1 

I c: c: t'ac: 
"' .Q 0 ~g EGJia ~ ::.<(U 
~~E -gE ~E !:"So ;(5 

~~ (/)C:lL ..!!!LL 

NOISIJ\10 
N3DDA~NNVW1HV 

~3ddn 

c: t'ac 
0 O.o 

·~ .?:--.c 
-gE ""Ill 

{l§ ;;Q 
~(f. ..!!!LL 

"' § 
"iii 

~2 
S.E 

0) 
11:1 c: 0) c 

~ .2 ~ .g 
~0. ea ""Ill 
~:I -gE {l§ 
oe ~o ~~ t=e> ..!!!LL 

dnO~D 
1n.1nr 

hhi 
~... 5 

-~ c: 
-~ 
2o 
~> 

-~ c 
- ~ 2 -::;)0 -,> 

~a. 
~::I ee 
1-'-' 

e>C: 
'-0 
Q)o:; .Dal 
"g§ 
aso 
a:LL 

e>C: 
'-0 
Cl)o:; 
.O('(l 
-oE 
:I .... IIlo 
a:LL 

(UC: 
c.Q colll 
-E j(l ... 
·~ 0 
IlL 

('(l 
c 
O)C: oo 
.c-= (l)t'a 
§E 
.... 0 

(!)LL 

dnO~D DOA~NNVW1 

(UC 
a; 

c,g .s::c oo 
c: 11:1 Ill ·-
.2E Ero 
C)._ ::~E 
'0 0 .s:: ... 
:I:lL 00 

(/)lL 

H\t 

dnO~D DDA~NNYW1 HV 

me Q; 
c.Q .s::c oo c- ~~ olll 
-E g ... ::JE 
:I:~ 

.s:: ... 
00 
(/)lL 

c c: Cllo 
"2~ 
~E 
>-O 

Q..lL 

c: c: Cllo 
"2-= Em 
!!! E 
>-O 

Q..lL 

NOISIJ\10 ~ 
N39DA~NNVW1HV ~3M01 

O)C: (UC: 
c: 

... 0 c:,g Cllc 
.! "~ 

O>o c:al Ol".C 

-§.§ ~Ill "g§ E E 
t'OO '0 0 t'a'-
a:LL :I:LL .... 0 

lLlL 

dnO~D DDA~NNVW1H\t 

C)C: 
0) Ol c .... c: .... c: 

'-0 oo oo 2 Cl)- eo., .Dro CO; iii .... al .... ., -oE ~E <DE EE 
:I .... ('(l'-mo o.o 3: .... .... 0 
a:LL :::)LL .3~ lLlL 

('- ('- ('-

/ / ( 
N01.1VW~O:.i 
A~NNVW1HV N3DD 

"' 11:1 a; 
~ 

c: 
g>~ 

.c !!! 0 al c: 
"0 .s:: ·-
~ 

Cl) c: Eo~ c: ~ E='i .!!J 2 (0 og, z (!) Cl)oU> 

~ ·e 
-~ 2-
:::~0 -,> 

17 

..., -
--------------------------------------------------------------------------~~ 



18 

', 
' ' ' \ 

\ 
\ 

\ 

\ 
\ 

I 
I 
I 

... ... _ .... 

Knappane 

____ , 

I 
I 
I 
I 
\ 
\ 

\ 
\ 

\ 

\ 
\ 

\ 

/ 
/ 

/ 
/- ... _ ...... 

~-~ " 

l<'ig.JS 

I 

' I 
I 

I 
I 

,/ 

ICE SHELF 

I ..,.-
\ /' 

~,'?-' 
I 
' \ 
I 

5 , 
I 

I 
I 

I , 
I 
I RYGGEN 

____ /" 

,----""--"' 
I 

I .,..-

I 
I 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

'Z'W 

ICE SHELF 

Nashornkalvane 

,,---..... _______ _ 
, 

--- .... , 
' ... , 

', 
...... ' ....... __ , 

---

S. Afr. J. Anarct. Res., 1982, Suppl. 2 

Nashornet, Nashornkalvane and Viddalskollen groups of 
nunataks. 

At Nashornkalvane Peak 1016 the succession is made up of 
some 140 m of dark brown, well-bedded feldspathic gray
wackes with intercalated dark, greenish-gray laminated 
siltstones. Individual beds range in thickness from 0,1 to 3,0 m 
and show very good lateral continuation. Four types of 
graywackes were recognized, viz. dark gray homogeneous, 
light gray homogeneous, dark gray with light gray spots and 
faint banding and light gray with dark gray bands. Locally, beds 
of light gray quartzite up to about 0,15 m thick are present. 
These are not very persistent and pinch out laterally. Thin 
quartz veins and quartz joint-filling are abundant in the lower 
part of the succession, and minor epidotization aloug joint
planes was observe.d. Green copper staining is common 
throughout, but is more conspicuous near the top of the 
nunatak. Small specks of disseminated chalcopyrite and pyrite 
occur in the graywacke, especially in the dark gray homo
geneous variety. 

The 250 m-thick succession occurring at ViddalskoUen is 
given in Table 1. 

Petrography - thin sections of graywacke from Pyramiden 
show subangular to subrounded grains of quartz 0,08 to 0,32 
mm in diameter and of altered plagioclase in a matrix of 
chlorite, fascicular actinolite and a little epidote. According to 
Pollak (1966), modal analyses gave mean values of 33 per cent 
for quartz plus feldspar, three per cent for rock fragments 
(principally chert clasts up to 0,3 mm across) and 64 per cent for 
the matrix. The range of composition is indicated by modal 
analyses of four samples from Pyramiden (Neethling et al. 
1968) and of a further two from Pyramiden and two from 
Nasho.met (Bredell1973). These results have been plotted on 
a triangular diagram (Fig. 16) and fall mainly in the feldspathic 
graywacke field (Pettijohn 1957), but one lies just within the 
feldspathic quartzite field. 

Matrix 

Feldspathic Graywacke 

Arkose 

Fig. 16 Modal composition of samples from the Pyramiden 
Formation. The sizes of the triangles indicate the percentage of 
lithic fragments in each sample. 

Fig. 15 Distribution of the Pyramiden Formation. 
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Tablel 
The Pyramiden Formation as occurring ar Viddalskotlen (from 

Bredell1976) 

Elevation 
above 
snow 
surface (m) 

210-250 

209-210 

169-209 

159-169 

157-159 

57-157 

7-57 

5-7 

3-5 

0-3 

Thickness Lithological description 
(m) 

40 Dark gray, epidotized. banded graywacke 
with occasional inclusions of flat mud
stone fragments . Cross-bedding is abun
dant and wen developed. 

1 Coarse-grained, epidotised graywacke 
containing conglomerate horizons about 10 
cm thick. The pebbles consist of black slate 
and white vein-quartz, are fairly well
rounded and up to '2{) mm in diameter. 

40 Dark gray graywacke with thin intraforma
tional mud-fragment conglomerate. Cross
bedded units up to 1 m thick are con
spicuous. 

10 Dark gray graywacke with occasional in
clusions of mudstone fragments. 

2 Coarse-grained epidotized graywacke with 
conglomerate horizons containing well
rounded pebbles of black slate and white 
vein-quartz. 

100 Alternating layers of dark gray homo
geneous and banded graywacke with inter
calated dark-green siltstone. The banded 
graywacke is often epidotized and quartz 
veins are common. Closed joints (strike 
17°) crossed by an open joint system (strike 
142°) are often found on exposed bedding 
planes. Polygons up to 0,15 m in dia
meter are abundant. Flow-ripples are rare. 
Gre.en copper carbonate staining is visible 
locally. 

50 Dark gray homogeneous graywacke with 
occasional quartz and slate pebbles. 

2 Dark gray graywacke with intraforma
tional mud-fragment conglomerate hori
zons up to 0,15 m thick. 

2 Dark gray graywacke with flat, green 
chen pebbles up to 60 mm long. 

3 Dark gray graywacke and siltstone with 
intraformational mud-fragment conglo
merate. Epidotization of the pebbles is 
common. Structures resembling "Rife
nites" were found in this unit. 

The feldspar (An2_10) in the graywacke is mostly untwinned 
albite, but a few clasts with albite twinning were observed. The 
matrix consists mainly of chlorite, with calcite, actinolite, 
muscovite and epidote also present. Pyrite and chalcopyrite 
were also found in some of the sections. 

In the Nashomet-Viddalskollen area, Bredell (1973) found 
that the maximum size of the quartz and feldspar grains in the
feldspathic graywacke is 0.2 mm and for the chert clasts 
0,1 mm. They are appreciably smaller than in specimens from 
Pyramiden and differ somewhat in being almost entirely 
angular. Poor sorting is characteristic of both areas. 

A black, copper-stained, sandy shale, 5 to 20 cm thick, from 
thelowerpartofthenorth-eastern side ofPyramiden is made up 
ofsubangular to subrounded quartzclasts (0, 13 to0,21 mm) and 
some altered plagioclase in a matrix (0.16 mm) of chlorite and 
actinolite. Small grains of copper sulphide and haematite occur 
in bedding-planes (Pollak 1966). 
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Framryggen Formation 
Definition - the Framryggen Formation comprises a 
succession of alternating mudstones and graywackes. The type 
locality is Framryggen (Fig. 17). The base of the succession is 
not exposed , but it is overlain. with apparent conformity, by 
theHogfonna Formation. 

Historical Review - De Ridder and Bastin (1968) termed a 
250 m-thick sedimentary succession, exposed at Framryggen 
and neighbouring nunataks, the Framryggen Formation. 
Roots (1969). on the other hand, proposed the name Fram 
Formation for the same succession plus the lower quarter of the 
t::onformably overlying Hogfonna Formation. His classification 
was, however, not adopted by De Ridder (1970) who did more 
detailed work in the Borgmassivet and whose subdivision is 
followed here. 

Distribution - the Framryggen Formation is restricted to the 
north-western part of the Borgmassivet. Apart from the type 
locality, small exposures also occur at Trioen, Framrabben and 
the small nunataks 1810, 18S5 and 1910 south of Borga 
(Fig. 17). 

Lithostratigraphy - the horizontally disposed, 250 m-thick 
succession exposed at Framryggen consists of purplish-brown 
to violet-black, splintery, induratcd mudstones alternating 
with subordinate gray to greenish-gray graywackes, many of 
which are characterized by thin red bands. Individual 
graywacke beds range up to 5 m in thickness, whereas many of 
the other beds in the central part of the mountain are less than 
1 m thick. There is a preponderance of thinly-bedded gray
wackes in the central part ofthe succession. 

Cross-bedding is well developed in the graywackes and a 
local erosion channel, filled with mudstone, was observed in a 
thickly-bedded graywacke on the southern face of the nunatak. 
Desic-cation cracks were noted in the mudstones which weather 
to a yellowish-brown (Bastin, in De Ridder & Bastin 1968). 

About 50 m up from the bases of the more northerly 
nunataks, a 1 m-thick jasper-cbert conglomerate occurs. The 
immediately underlying and overlying sandstones contain 
jasper granules and grains in abundance. In the conglomerate 
the pebbles have lengths of up to 100 mm and most are chert, 
red jasper, vein quartz and metaquartzite. The matrix is 
predominantly calcite with some cblorite. Above the conglo
merate is exposed some 20 m of thickly-bedded greenish 
sandstone, locally cross-bedded. In it occur a few lenticular 
layers of pebbly grit. The nunataks are capped by some 6 m of 
rather massive sandstone characterized by specks of chlorite 
(Neethling et al. 1968). 

The upper part of the whole succession, which is exposed in 
the most southerly nunatak, contains more shale. Intercalated 
with the shale are thin siltstone lenses 50 to 70 mm thick, with 
small clay pellets. The overlying sandstone layers, which also 
contain clay-pellets, have sharp contacts with the shale. 

Petrography - De Ridder (1970) gave the following accounts 
of his petrographic studies of specimens from the type locality: 

The arenaceous sediments consist of rounoed to subrounded, occasionally 
angular grains of quartz and feldspar in a highly siliceous, sericitic matrix, with 
subordinate- secondary cblorite, epidote and calcite. Quartz overgrowths in 
optical continuity are common and partial recrystallization has produced a 
mosaic texture with crenulate contacts between various grains. Small black 
particles ·of ferruginous ore are widely distributed throughout the matrix. The 
banded character is due to selective epidotization of narrow argillaceous laminae 
and contrasts with the more reddish-brown colour of the feldspathic 
unepidotized arenite. The quartz grains are generally clear, show few inclusions 
and are strain-free. Multicycle detrital quartz is common and grains of 

Fig. 17 Distribution ofthe Framryggen Formation. 
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Matrix 

Feldspathic Graywacke 

Arkose 

Feldspar 

Fig. 18 Modal compositions of samples from the Framryggen 
Form.ation. The sizes of the triangles indicate the percentages of 
lithic fragments in each sample. 

metaquartzite are present. Most feldspar grains are heavily epidotized and 
sericitized. The chlorite is an alteration product of biotite , with ferruginous 
matter as a by-product. Very subordin·ate, irregular granular aggregates of calcite 
are sparsely distributed throughout the rock. Secondary sericite occurs as small 
flakes in the siliceous. ground-mass. 

In grain size the arenites range from fine to very fine. One analysis based on the 
study of thin se<:tions showed that the rock is a fine·grained, well-sorted, near
symmetrical arenite, better sorted in the centre than in the tails of the distribution 
curve. The volumetric composition of 20 samples is shown in Fig. 18. The 
majority fall within the feldspathic graywacke and feldspathic quartzite fields 
although some: ;tlso fall within the arkose , protoquartzite and o.rthoquartzite 
fields. 

Themudstone is a black to dull purplish-brown, very line-grained, dense, well
indurated, siliceous rock, usually exhibiting slightly conchoidal fracture. Lighter 
coloured arenaceous laminae are present in fair amounts throughout the 
argillaceous beds. Microscopically I he argillite consists of angular to sub-rounded 
fragments of quartz and feldspar in a sericitic, chloritic matrix , while finely 
divided black ferruginous ore is present scattered throughout the matrix. A large 
number of thin , irregular, highly contorted, black ferruginous streaks and bands. 
occasionally exhibiting flow and brecciated structures, are present throughout 
tbe rock. Grain size varies from 6 0 to 5 J:l (medium siltstone) for tbe average 
argillite , to 5 0to 4 0 (coarse siltstone) for the slightly more arenaceous laminae. 

ScbumacberfjeUet Formation 
Definition - the Schumacherfjellet Formation (Fig. 19) 
comprises an alternating sequence of light-coloured arenites 
and dark-coloured argillites. Only the top of the Formation is 
exposed. The type locality is at Grunehogna (Fig. 19). 

Historical Review- Neethling (1964) initially introduced the 
term "Schumacher cyclic sediments" for a succession exposed 
at Schurnacherfjellet. Subsequently (1970 1972b) b.e formally 
named these, as well as similar sediments exposed in the 
Ahlmannryggen, the Schumacher Formation. 

Bredell (1976, 1982) proposed that the name be abandoned 
in favour of Grunehogna Formation as the best succession, 
which he designated as the type locality, occurred at 
Grunehogna. It has, however, been decided that, because of 
priority and acceptance by use, Neethling's name in the slightly 
changed form "SchumacherfjeUet" Formation should be 
retained. 
Distribution - the Schumacherfjellet Formation is widely 
distributed in the Ahlmannryggen as, in addition to the type 
area, it has also been found at Grunehogna (90 m), Lyftingen, 
Kjollrabbane, Styrbordsknattane, Ovenuten (280 m), Fiar-
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juven, Flarjuvnuttane and .Klumpane. It has aJso been 
recognised at BorghaUbrotet in the ViddaJen. 

Lithostratigrap.by - the characteristic alternations of 
persistent beds of light-coloured arenites and dark-coloured 
argillites (Fig. 20) make the Schumacherfjellet Formation the 
most easily identifiable lithostratigraphic unit in the 
Ahlmannryggen. Essentially it comprises well-bedded, pale 
yellowish-gray orthoquartzites alternating with predominating 
brown to black siliceous mudstone in the lower part and cream
coloured, medium-grained arkosic quartzite, alternating with 
purple mudstone, in the upper 50 m. Unlike the other 
formations of the Ahlmannryggen Group, conglomerates are 
absent. A few well-rounded pebbles of mudstone have, 
however, been found in the upper part of the succession 
exposed at Lyftingen (field notes, C.Z. van Zyl1973). 

The top of the Formation is well exposed at Grunehogna 
wllere it is overlain by the Hogfonna Formation (Fig. 21 ). The 
base, however, is nowhere exposed and its contact with the 
supposedJy underlying Pyramiden Formation has not been 
proved in outcrop. At the type locality the exposed thickness is 
about 90 m (Aucamp, 1972), the maximum encountered being 
280 m at Ovenuten (Bredell1976). 

At Grunehogna the dip of the succession is to the south-east 
at 4 to 6°. Cross-bedding, flow-ripples and mud-cracks are 
confined to the uppermost 3 m. The cross-bedded units seldom 
exceed 50 cm in thickness. A mudstone bed, containing a high 
percentage of specularite, occurs about 15 m below the contact 
with the overlying Hogfonna Formation. Although it is only 50 
to 60 mm thick it is very persistent. 

Several examples of slumped bedding, usually in greenish
gray quartzite but aJso in purple mudstone, were seen in the 
upper part of the Formation. Graded bedding in units up to 7 m 
thick occurs in the upper 50 m as do intraformational breccias 
(Aucamp 1972). A t Lyftingen slight epidotization is common 
in the quartzite and specularite occurs along some of the joints 
in the mudstone. 

The 14 m-thick exposure on the northern side of 
Schumacherfjellet was described by Neethling (1964) as 
repetitive sequences of siliceous siltstone and arkose. 
According to him the cycles consist of "a basal unit of cross
bedded, laminated arkose grading upwards through over
lapping lenses of medium-grained arkose and siltstone into the 
well-laminated lower part of a fine-grained siliceous siltstone. 
Upwards it ends abruptly &gainst the base of the overlying 
coarser arkose which marks the initial deposit of the next cycle. 
The cycles range in thickness from less than 10 cm to more than 
1,5 m. The shaley siltstone beds are usually thinner and more 
lenticular than the lower arkosic units". 

According to Aucamp (field notes, 1968) the arenaceous 
units are light coloured- white, yellowish-white to light gray 
-with intercalated units of dark-coloured to black quartzites 
and shales. Slump structures occur in a quartzite near the base 
of the succession. The sediments are notable for the absence of 
jasper and mud-pebble conglomerates which are common in 
the overlying sedimentary formations. 

HOgfonna Formation 
Definition - the Hogfonna Formation comprises a 
conglomeratic and jasper-bearing succession of quartzites, 
mudstones and shales. Red beds and tuffs also occur, mainly 
towards the top of the Formation. It has been subdivided into 
the Grunehogna, Veten, and Hogfonnaksla Members . 

Fig. 19 Distribution oftheSchumacherfjellet Formation. 
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Fig. 20. Outcrop appearance of the Schumacherfjellet Forma
ti.on. 

Historical Review - the name "Hogfonna Formation" was 
proposed by De Ridder (in De Ridder & Bastin 1968) for a 
sedimentary succession exposed in the central part of the 
Borgmassivet . De Ridder (1970) divided the succession into a 
"Lower Member" and an "Upper Member" on the basis of the 
predominant occurrence of red beds and tuffs in the ''Upper 
Member". 

Later mapping by Aucamp (1972) established that the 
Hogfonna Fonnation also occurs in the Ahlmannryggen. At 
Grunehogna, however, he found that red beds and particles of 
volcanic ash also occur low down in the succession, which led 
Bredell (1976, 1982) to conclude that De Ridder's (1970) 
subdivision for the Borgmassivet. does not apply to the 
Ahlmannryggen. BredeU accordingly proposed that the 
Hogfonna Formation be subdivided into a lower Borgmassivet 
Member and an upper Jekselen Member, the former to include 
the whole of De Ridder's (1970) succession and its correlates in 
the Ahlmannryggen. In this synthesis, however, his Jekselen 
Member is regarded as a separate, and younger, Jekselen 
Formation. De Ridder's (1970) Lower and Upper Members 
are formally named the Veten and Hogfonaksla Members and 
the correlate of the Formation in the Ahlmannryggen is named 
the Grunehogna Member. 

The Hogfonna Formation partly overlaps in time the Fram, 
Lower Borg and Upper Borg Formations proposed for the 
Borgmassivet area by Roots (1969). 

Distribution - the Hogfonna Formation has a far larger 
outcrop area than any other unit of the Ahlmannryggen 
Group. Its distribution is shown in Fig. 22. 
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The base of the Formation is exposed only in the Grune
bogna area of the Alllmannryggen, whe.re the Grunehogna 
Member conformably overlies the Schumacherfjellet 
Formation. The middle, Veten Member, which is best exposed 
at Veten. has been encountered only in the north·we~tern part 
of the Borgmassivet. Neither its base nor its top is exposed. The 
uppermost, Hogfonaksla Member is best exposed at Hogfonna 
in the central Borgmassivet. It is the most widespread of the 
members and occurs in much of the eastern, central and 
southern parts of the Borgmassivet. The Hogfonaksla Member 
is conformably overlaio by the Raudberget Formation at 
Hogfonaksla and is also over lain with apparent conformity by 
the Fasettfjellet Formation at Fasettfjellet. 

Lithostratigraphy 
Grunehogna Member - the best exposures (Fig. 21) occur at 
Grunehogna Peak 1285 and at a small unnamed nunatak 
immediately to the south-west, which together comprise the 
type locality. 

There is no basal conglomerate as such, but conglomerates 
characterized by brilliant red jasper pebbles and by mudstone 
fragments occur throughout the succession. Another diag
nostic feature immediately distinguishing the Hogfonna 
sediments from the underlying purplish mudstones of the 
Schumacherfjellet Formation is the presence of cross-bedded 
units of feldspathic quartzites up to 1,4 m thick, containing 
layers and lenses of mud-fragment conglomerates (Aucamp 
1972). 

Aucamp (1972) divided the 210 m-thick succession exposed 
at Grunehogna into three informal units separated by two 
conglomerates. They are as follows: 

(a) Lower unit (80 m)- comprises discontinuous , mainly lens-like, current
bedded quartzite and arkose, interspersed by epidotized shale-pebble 
conglomerates up to 0,5 m thick. Shales are .abundant. Towards the top, the 
sediments become more reddish to purple in coloyr and somewhat finer 
grained. Some layers contain abundant specularite. ln the western part of 
Grunehogna the highest 2 m of this unit consists of purple to red-brown shale 
containing fragmented quartt grains and typical ash particles. Towards the 
east this shale, due to a local rapid facies change, grades laterally into a 
poorly consolidated, medium-grained sediment containing oval fragments 
up to 10 cm across, probably of pyroclastic origin. Sedimentary features, 
especially common in the shales, include ripple-marks, current lineations, 
large desiccation crackS and Oute-castJ;. 

(b) Middle unit (60 m) - a basal chert-jasper, smaU·pebble (up to Z5 mm) 
conglomerate grades upwards into cross-bedded, jasper-bearing, gritty 
quartzites. The jasper content diminishes tapidly and is totally abseni 3 m 
above the base of the unit. The main rock type is a cross-bedded quartzite 
with layers and lenses of mud-pebble and mud-Hake conglomerates. A few 
prominent beds of black, fine-grained quartzite up to 1 m thick occur 
throughout. 

(c) Upper unit (70 m)-a basal chert·jasper conglomerate grades upwards into 
gritty and coarse-grained brown to purplish-red quartzite , with cross
bedded units up to 1 m thick . Jasper occurs in the gritiy horizons and in small, 
scattered pebble lenses. Ripple-marks are rare and no mud-cracks were 
obs~rved. 

The conglomerates that were used to demarcate the three units 
are, as far as can be determined, not persistent (BredeiJ, J .H .. 
pers. comm.). Successions correlated with the Grunehogna 
Member also occur at Schumacherfjellet (30 m), Nils 
Jorgennutane (51 m), Jekselen (25 m), Gostapiggane and 
Snohetta (25 m), aU in the Ahlmannryggeo . 

Veten Member- De Ridder (1970) measured and described in 
detail a 450 m-thick succession exposed at Veten, the type 
locality (Fig. 22). 

The lower 100 m consists mainly of thickly to very thickly
bedded, brownish-red, gray and grayish-green well-indurated 
quartzites and subordinate thinly- to thickly-bedded black and 
purplish-brown mudstones. The quartzites are characterized 
by containing a multitude of angular, flattened mud-pebbles 
(now highly sericitic mudstone), some of which show distortion 
and bending around adjoining ones, indicating that they were 

25 

soft when deposited. The quartzites are composed of well
rounded grains of quartz, chert, highly altered feldspars and a 
few rock fragments in a highly siliceous matrix in which calcite, 
chlorite and sericite were identified. The rock fragments, which 
consist of bighly epidotized aggregates of quartz and 
plagioclase, may well be of volcanic origin. The matrix and 
some of the feldspar grains are highly epidotized. 

The lower part of the succession is notable for intraforma
tional conglomerates consisting of angular mudstoue 
fragments in a grayish-green matrix of epidotized quartzite. 

A 1,5 m-thick conglomerate occurs at the top of this 
succession. The pebbles are well rounded and consist mainly of 
brilliant red jasper and less abundant black and white chert, 
quartz, quartzite and black and green Hat fragments of highly 
chloritised mudstone. They are set in a medium-grained 
epidptized matrix very similar to the thickly-bedded quartzites. 
The pebbles range from one to several centimetres in diameter. 
Some pebbles have been affected by recrystallization with the 
production of interlocking crenuJated quartz along their 
margins - in most cases, howeve.r, the original outlines, 
especially thos.e of the chert pebbles, are still visible. 
Overgrowths of authigenic quartz are common. The greenish
gray matrix consists of interlocking angular to rounded grains 
of quartz and chert with subordinate chlorite, sericite, calcite 
and epidotized feldspar. 

Overlying the conglomerate is some 15 m of medium-grained 
quartzite that is speckled red with grains of jasper. It also 
contains numerous jasper pebbles and runs and stringers of 
jasper-rich conglomerates. The pebbles are slightly smaller 
than in the conglomerate. 

This quartzite is followed by a 285 m-thick succession which 
comprises a repetitive sequence of thinly- to thickly-bedded 
quartzites and mudstones. The quartzites are purplish, reddish 
and yellowish and well indurated. They are composed of 
quartz, jaspery chert and highly siliceouS matrix. Penecontem
poraneous fragments of mudstone occur in most of the 
quartzites. The mudstones range from bluish-green through 
dark grayish-brown to purplish-brown. They are generally 
massive, but paper-shale-type fissility is locally well developed. 
Individual beds range in thickness from a few millimetres to a 
few metres, the average being about 0,5 m. Microscopically the 
mudstones vary very little, being composed of silt-sized, 
angular, sometimes shard-like grains of quartz and altered 
feldspar (mostly orthoclase) with a little detrital muscovite in a 
siliceous, sericitic matrix. The. mudstone monotony is broken 
by numerous thinly laminated bands, streaks and lenses of 
slightly coarser detritus in which graded bedding is occasionally 
very well developed. 

Approximately halfway up the sequence there is a bright 
green, very fine-grained , thinly bedded quartzite consisting of 
an interlocking mosaic of epidote (72 per cent) and quartz (28 
per cent) and very subordinate amounts of calcite and 
ferruginous ore. The epidote occurs among the quartz grains 
and as spots and concentrations of various sizes. A few quartz 
grains still have their original outlines. They range from well
rounded to shard-like. According to De Ridder (1970) the rock 
was a fine-grained, highly tuffaceous sediment that has 
undergone almost complete epidotization. 

A 30 m-thick succession occurnng on top of the quartzites 
and mudstones is characterized by thinly-bedded , small-pebble 
( 5 to 10 mm) conglomerates and numerous bands (up to 0,1 m). 
lenses and stringers composed of angular to subrounded grains 
of red jasper, black and white quartz, chert, flattened angular 
fragments of mudstone and rock ~agments. These latter 
consist of angular to rounded rhyolitic material and greenish 
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glass. In places the glass is devitrified, in others it has been 
replaced by calcite. 

Quartzites again predominate in the uppermost 18 m of the 
sequence that is exposed at Veten. The whole succession 
contains an abundance of well-preserved sedimentary 
structures - cross-bedding, ripple-marks, localized erosion 
channels, graded bedding, minor slump structures. flute casts 
and load casts. 

De Ridder (1970) also measured and described sections at 
Nruegga (93 m) and at Borga (250 m). Conglomerates 
correlated with the one at Veten also occur at both these 
nunataks. At Borga, De Ridder also reported a bright green, 
fine-grained rock which he correlated with the epidotized 
tuffaceous sediment occurring in the Veten succession. The 
pebbles in the conglomerate at Borga are well rounded, like 
those in the Veten conglomerate. At Niilegga, however, they 
are angular to sub-rounded. 

The mudstones in the upper part of the NaJegga succession 
have a slightly spotted appearance due to the. presence of 
epidote-free spots 1 to 2 mm in diameter which contain a high 
concentration of fine-grained clayey and chloritic aggregate. 
These, De Ridder (1970) considered, might represent the 
beginning of a local solution process indicating commence
ment of recrystallization in the formation of a spotted sJate. 
The mudstones at Borga are characterized by the presence of 
thin laminae which, under the microscope, are seen to consist 
of black ferruginous "ooze", generally in straight, but 
occasionally in very contorted and disturbed laminae which, in 
places, impart a ' 'woolly" texture to the rock. 

At Fingeren, 100 m ofsediments, split by a thick doleritesill, 
are exposed. Some 20 m above the snow surface there is a well
developed 10 m-thick succession of conglomeratic bands, 
consisting of conglomerates up to 1,5 m thick separated by a 
few centimetres of pebble-free quartzite. The quartzite above 
these conglomerates is characterized by occasional scattered 
pebbles and bands and stringers of conglomerate. The 
Fingeren conglomerate contains a few fragments of volcanic 
rock, consisting of a fibrous, isotropic glassy groundmass with 
lath-shaped microlites and plagioclase. It may well be a 
correlate of the conglomerate at Nalegga (De Ridder 1970). 

Petrography of the Veten Member - based on modal analysis 
of samples from Veten, Borga and Nalegga (Fig. 23), De 
Ridder (1970) concluded that the arenites are primarily of 
arkosic composition , that the subordinate ortho- and 
protoquartzites are associated with the coarser sediments 
(conglomerates and the lower grits) , and that the subgray
wackes were produced by large amounts of volcanic debris and 
can thus be regarded as atypical sediments in the succession. 

Grain sizes of samples from Veten and Nalegga range 
between 1,37 0 and 3,73 0 (i.e. medium to very fine sand). The 
distribution curves are nearly symmetrical, apart from two 
samples which have a slight excess of fine material. This, 
however, is small and all curves were assumed to have nearly 
identical and near-symmetrical distribution of the coarse and 
fine fractions. Kurtosis indicates that the sediments are 
relatively uniformly sorted throughout, as the values obtained 
are very close to 1 ,0. Roundness values of grains in these 
samples are high. Sphericity (width over length) for the few 
thin sections studied is constant (0.69 to 0,68) for all quartz 
grains. 

Hogfonnaksla Member - the type locality is Hogfonnaksla 

Fig. 22 Distribution of the Hogfonna Formation. 
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Matrix 

Arkose 

Feldspar 

Fig. 23 Modal composition of samples from the Veten Member 
of the Hogfonna Formation. The sizes of the triangles indicate the 
percentage of lithic fragments in each sample. 

(Fig. 22) , a prominent ridge jutting out from the northern side 
of Hogfonna, where a 358 m-thick sedimentary succession is 
well exposed and has been described by De Ridder (1970). The 
lower 180 m of the succession consists of dark, purplish-gray 
quartzite and siliceous mudstone with intercalated lenses of 
strongly epidotized, argillaceous, intraformational 
conglomerate. Ripple-marks and desiccation cracks are 
common. Approximately 100 m from the base a 2 m-thick 
brick-red and pink mottled tuff occurs. It consists of an in tensely 
red fine-grained groundmass which contains numerous pale 
pink, siliceous nodules. 

The overlying 80 m of sediments consist of red quartzite and 
dark red siliceous mudstone. The quartzite beds vary from 
0,5 m to 1,5 m in thickness and show pronounced cross
bedding. Numerous stringers and lenses of polymictic 
conglomerate are interbedded in this succession. The pebbles. 
which are up to 10 mm in diameter, comprise jasper. black and 
white chert, quartzite and quartz and subordinate fragments of 
red mudstone, in a siliceous matrix. This succession is followed 
by 20 m of grayisb quartzite, also with stringers and lenses of 
jasper conglomerate. Towards the top of the succession some 
70 m of brittle red quartzite, with intercalated lenses of 
yellowish green intraformational conglomerate, occurs. The 
pebbles of the conglomerate are again c}:lert, jasper and quartz. 
The quartzites are highly ferruginous and contain numerous 
thinly-bedded to laminated concentrations of detrital 
haematitic iron ore. Minor thinly-bedded red shales are 
interbedded with the quartzite. • 

The top of the Member, and indeed of the Hogfonna 
Formation, consists of an 8 m-thick polymictic conglomerate 
with well-rounded pebbles of red quartzite, quartz, chert and 
jasper, as well as subordinate amounts of fragments of red 
mudstone set in a red quartzitic matrix. The pebbles range in 
size from 30 mm to 60 mm. 

The Hogfonnaksla Member is here conformably overlaiD by 
the Raudberget Formation. Successions ranging up to 150 m in 
thickness exposed at Soyla. Domen, Pilarrygen, Hogskavlen 
and Fasettfjellet were correlated with this Member by De 
Ridder (1970). 
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At Fasettfjellet a 460 m-thick succession is exposed. Bastin 
(in De Ridder & Bastin 1968) and Watters (1969a) reported 
that the lower 200 m consist of red to grayish and greenish, 
cross-bedded epidotized quartzite with yellow layers and mud
pebbles interbedded with argillaceous intraformational 
conglomerates. Numerous well-developed sedimentary struc
tures such as ripple-marks and desiccation cracks were 
observed . Dark glassy lapilli with the characteristic teardrop 
shape, some of which contain calcite-filled vesicles, occur in the 
quartzite and conglomerate some 12 m above the base of the 
sedimentary succession (Watters 1969a). 

These lower sediments grade into a 100 m-thick succession 
of red quartzites and subordinate mudstones interbedded with 
massive, well-indurated gray-green quartzites. This 
succession, in turn, is overlain by 100 m of pale pink and gray
green quartzites and intercalated red beds, with some 
conglomeratic lenses with pebbles of only 1 cm in diameter. 
Prominent cut-and-fill structures were observed (Watters 
1969a) in a jasper-pebble conglomerate 10 m below the top of 
the succession. Joints in the upper red quartzites are filled with 
calcite, commonly associated with small amounts of specula rite 
(Bredell1976). 

At Fasettfjellet and the neighbouring Tindegga, the 
Raudberget Formation is not present and the Hogfonnaksla 
Member is directly overlain by agglomerate and lava of the 
Fassettfje!Jet Formation as predicted by De Ridder and Bastin 
(1968) and described by Watters (1969a, 1969b). 

At Ytstenut some 500 m of sediments correlated with the 
Hogsfonnaksla Member are exposed, but here the conglo
merates and argillaceous sediments, whkh are so characteristic 
of the Member in the type area, are absent. Unfortunately the 
nunataks between Fasettfje!Jet and Hogfonna (Fig. 22) could 
not be geologically surveyed as they are bounded by near
vertical ice cliffs. There is a strong possibility that a facies 
change has taken place over this "gap" of 25 km. 

At Dugurdspiggen some 75 m of quartzites containing grains 
of red jasper, which are correlated with this Member, are 
exposed. As at Ytstenut, mudstones are not present but mud
pebble horizons are common in the lower part of the 
succession. 

To the south-east of Frostlendet the Hogfonnaksla Member 
occurs in a north-east trending line of highly dissected ounataks 
from Uversnatten north-eastwards to Moteplassen. At 
Huldreslottet, Kje!Jbergnuten, BrApiggen and Friis
Baastadnuten the contact with the conformably overlying 
Raudberget Formation is well exposed. 

Petrography of the Hogfonnaksla Member• - in general the 
arenaceous sediments of this Member consist of angular to 
subrounded grains of quartz, cbert and feldspar in a highly 
siliceous matrix. The quartz grains are predominantly free of 
inclusions, are nearly all unstrained and exhibit well-developed 
secondary overgrowths. Well-rounded chert grains, the second 
most important constituent, are cloudy due to the presence of 
very finely divided sericitic and red or black ferruginous 
inclusions. The feldspars are strongly altered and in ordinary 
light strongly resemble the more heavily clouded chert. Grains 
made up of intimate intergrowths of quartz and feldspar are 
considered to be either detrital or the resuJt of reaction 
between feldspar and the matrix. These binary grains are 
shapeless or rectangular and their margins are diffuse. 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

Subordinate amounts of fresh, Ab-rich plagioclase are 
present in some of the arenaceous sediments. They are 
associated with very small quantities of fragments of rhyolitic 
rocks and what is apparently devitrified glass. 

Black haematitic ore is present in all samples in varying 
amounts as well-rounded detrital grains. Detrital muscovite 
and secondary calcite are subordinate components. 

The siliceous matrix contains traces of chlorite and sericite
remnants of the original groundmass. Epidote is present as a 
granular interstitial aggregate or as rounded grains, the latter 
probably from epidotization of detrital feldspar. The red 
colour of some arenites is attributed to a red. ferruginous 
clayey coating on a large proportion of grains. 

The argillaceous sediments consist primarily of angular 
grains of quartz and feldspar in a brownish-green, strongly 
epidotized groundmass. A red colour is imparted to some of 
the mudstones by relatively large amounts of red, ferruginous 
clayey matrix. 

The lower intraformational conglomerates consist of 
numerous angular, flattened and bent fragments of very fine
grained mudstone embedded in medium- to coarse-grained 
epidotized siltstones or very fine-grained quartzites. 

The 2 m-thick bed of brick-red laminated tuff 100 m up the 
succession at Hogfonna contains a multitude of small, circular 
or lenticular pale-pink protuberances, up to 20 mm in diameter 
that give the rock a "knobbly" appearance. They were 
presumably originally lapilli and consist primarily of angular 
quartz grains and glassy shards in a sericitic groundmass. Some 
exhibit a very marked concentric banding around a coarsely 
recrystallized centre containing quartz and calcite. The tuft 
itself consists of a microcrystalline quartz matrix containing 
finely divided sericite and ferruginous matter. Angular 
fragments of quartz and glass shards are conspicuous. Some 
parts consist entirely of devitrified palagonitic glass and glassy 
shards. Flow-lines and microstructures suggesting movement 

Matrix 

Fig. 24 Modal composition of samples from the Hogfonaksla 
Member of the Hogfonna Formation. The sizes of the triangles 
indicate the percentage of lithic fragments in each sample. 

•Based on De Ridder·s (I 970) study of samples from HOgfonna and Fasettfjellet. Fig. 25 Distribution of the J ekselen Formation. 
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of Japilli through the matrix are present and strong disturbance 
of the laminations by these lapilli has been observed. The 
upper parts of the band contain an increasing amount of 
detrital particles and there is a gradual passage to the overlying 
quartzite. The lower contact, on the other hand, is very abrupt 
and a thin brownish coating occurs on the surface of the 
underlying sediments, probably due to the baking effect of the 
accumulation of bot ash. 

The sediments between 180 and 350 m include numerous 
gritty bands, which contain isolated pebbles of jasper and 
subordinate intraformational conglomerates. The succession is 
notable for a number of arenaceous layers consisting primarily 
of detrital haematite in amounts of up to 67 per cent associated 
with quartz, chert and heavy minerals. The weU-rounded and 
well-sorted nature of these sediments, together with the 
presence of cross-bedding, indicates that the haematite is of 
sedimentary origin. The 8 m-thick conglomerate at 350 m is 
made up of pebbles of pro to- and orthoquartzites and lesser red 
jasper in a matrix that cannot be distinguished from the 
underlying quartzite. The volumetric compositions of 10 
specimens of quartzite from Hogfonna and two from 
Fassettfjellet as determined by point-counting are given in 
Fig.24. 

The sediments are primariJy quartz cemented. Chert, which 
is an important constituent, increases in abundance with 
stratigraphicelevation whilst there is a concomitant decrease in 
feldspar. Epidotization is confined to the more argillaceous 
sediments of the lower part of the Member, whereas the upper 
part contains calcite and is epidote free. The epidote appears 
therefore to be derived primarily from the original clayey 
matrix. 

The lower part of the Member, containing the intraforma
tional conglomerates, consists of feldspathic quartzites and 
protoquartzites, whereas the upper (siliceous) part consists of 
ortho- and protoquartzites. Only one arkose occurring right on 
the borderline .is present, in contrast with the Veten Member 
(Fig. 23). 

Grain size ranges from 1,5 0 to 3,0 0 (medium to very fine 
sand) for the arenaceous sediments, to 4,53 0 (coarse silt). 
Most sediments are moderately to moderately well sorted and 
fine skewed or near-symmetrical, indicating a small excess of 
fine-grained material. Generally the same sorting is present 
throughout the distribution curve, which is only slightly better 
sorted in the centre, as indicated by an average graphic kurtosis 
value larger than 1 ,0. 

Jekselen Formation 
Definition - the Jekselen Formation comprises steeply dipping 
arenaceous sediments occurring as detached blocks or large 
xenoHths in diorite of the Borgmassivet lntrusives. Neither the 
top nor the bottom of the Formation is exposed. 
Nomenclature- these sediments were described by Bredell 
(1976, 1982) as the Jekselen Member of the Hogfonna 
Formation. The authors have, however. deemed it preferable 
to regard them as a separate Jekselen Formation. 

Distribution - the distribution of this Formation is restricted 
to the type locality, Jekselen, and to isolated exposures 
occurring at Tindeklypa (Fig. 25). 
Lithostratigraphy - the lithology of an 80 m-thick succession 
occurring on the south-eastern end of Jekselen (Fig. 26) is 
given in Table 2. The rocks dip at 50° to the north-west. Several 
smaller exposures also occur at this nunatak. All are intruded 
and disrupted by amygdaloidal dykes of the Borgmassivet 
lntrusives. 

A 50 m-thick succession correlated with those at Jekselen 
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Table2 
The Jekselen Formation as occurring at the south-eastern end of 

Jekselen (after Bredelll976) 

Distance 
above lower Thickness Lithological description 
contact with (m) 
sill(m) 

74-15 
80,15 6 Coarse-grained, buff-coloured sandstone 

containing grains of red jasper and minor 
amounts of calcite. 

74-74,15 O,L5 Polymict conglomerate resting tmconform-
ably on a slightly undulating erosional sur-
face. The oonglomerate consists of angular to 
subrounded pebbles of red jasper, green 
chert, white quartz and fragments of dark 
greenish-gray quartzite in a matrix of buff-
coloured sandstone which contains grains of 
red jasper and small amounts of calcite. 
Pebbles vary in size from 2 to 30 mm. 

59-74 15 Dark, greenish-gray, fine-grained quartzite 
containing calcite as small inclusions and 
along joints and bedding planes. 

24-59 35 Scree. 
22-24 2 Dark greenish-gray calcareous quartzite con-

taining light-coloured spherical concretions, 
2 to 5 mm in diameter. Jn some places the 
calcite has been removed through weather· 
ing, giving the rock a porous appearance. 

12-22 10 Greenish-gray to buff,coloured, calcareous 
sandstone with numerous angular, flat mud-
stone fragments, as well as inclusions of cal-
cite and occasional slightly rounded pebbles 
of dark brown quartzite. Mudstone fragments 
attain lengths of up to 10 cm, but are of the 
order of 1 to 2 cm on the average. Calcite 
inclusions vary in·shape and size (very small 
to 2 cm in diameter) . 

2-12 10 Intensely sheared, buff-coloured calcareous 
sandstone with dark brown mudstone frag-
ments and calcite inclusions up to 1 cm in 
diameter. 

0-2 2 Cream-coloured and light gray to greenish-
gray sandy shales containing minor amounts 
of calcite concentrated along fractures. 

also occurs at Nunatak 1390 near Tindeklypa (Fig. 25). Apart 
from other small exposures here, Bredell (1976) reported that 
clasts of this Formation also occur abundantly in the 
agglomerate of the TindekJypa Formation. 

Raudberget Formation 
Definition - the Raudberget Formation, the uppermost unit of 
the Ahlmannryggen Group, comprises a red-bed succession of 
quartzite and mudstone with interbedded volcaniclastic 
material and minor conglomerates. It overlies the Hogfonna 
Formation conformably but its top is not exposed. The type 
locality is Raudberget. 
Historical Review - the name Raudberg Formation was 
proposed by De Ridder and Bastin (1968) and later also by 
Roots (1969) . Bredell (1976, 1982) changed the name to 
Raudberget Formation after the type locality , Raudberget. 
Distribution- this Formation is confined to the south-eastern 
parts of the Ahlmannryggen. Apart from the type locality it is 
also exposed at Hogfonna and along a north-east striking line 
of nunataks, separated from the central Borgmassivet by the 
valley of the Frostlendet (Fig. 27). 
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Friis Baastadnuten 

Fig. 28 Side view of BrApiggen, Ryvingen and Friis-Baastadnuten, showing synclinal structure (after Minnaar 1975). 

Lithostratigraphy - on the north-eastern side of Raudberget 
the 350 m-thick succession comprises thinly- and thickly
bedded, well-indurated, fine-grained, dark red angular 
quartzites, siliceous red mudstones and subordinate 
intraformational conglomerates. Finely laminated to very 
thinly-bedded layers are present which contain concentrations 
of detrital haematite (De Ridder 1970) . 

The succession at Hogfonna, where about 150 m of the 
Raudberget Formation is exposed , is very similar. Here a 
prominent 8 m-thick basal conglomerate forms a distinct steep 
step. The pebbles are tightly packed in an arenaceous 
groundmass of red-bed type. They are generally 10 to 30 mm in 
diameter, but diameters up to 60 mm were measured. They arc 
moderately rounded and consist of dark red quartzite, much 
red jasper, white, green and gray quartz and chert and some red 
mudstone. The larger and better rounded pebbles are generally 
those of the dark red quartzite (Bastin in De Ridder & Bastin 
1968). The overlying sediments consist of dark red quartzites 
0,5 to 1 m thick, mostly slightly coarser grained than at 
Raudberget (De Ridder 1970), alternating with siliceous 
mudstones. At both localities spheroidal weathering is well 
developed in the quartzites, and some of the mudstones ex.hibit 
impressions of rain-drops (De Ridder 1970). 

Raudberget sediments also comprise most of Br{lpiggen and 
occur at neighbouring nunataks. The succession here was 
measured by Minnaar (1973) and the following account is 
based on his report. 

At Brapiggen (Fig. 28) the succession starts with approxi
mately 100 m of purple-brown quartzites with intercalated dark 
gray quartzites and dark brown mudstones of the Hogfonna 
Formation. This is followed by another 100 m of intensely 
red sediments, the contact being exploited by a mafic sill. 
A 1 m-thick polymict conglomerate occurs a few metres above 
the base of the red beds and is taken as the base of the 
Raudberget Formation. 

The basal conglomerate, although thinner, is very similar to 
that at Hogfonna. Slightly oblate pebbles up to 70 mm long of 
reddish, gray and gray-green jasper. smoky and pinkish-gray 
semi-translucent chalcedony and chert, white and black 
quartz, dark purplish-brown quartzite and arenite, quartz
veined jasper and other rocks occur closely packed in a well
cemented, gray, purplish to light green gritty matrix, which 
contain tuft grains. Joints cut through the pebbles, but the rock 

Fig. 27 Distribution of the Raudberget Formation. 

breaks both across and around them. 
The red beds consist mainly of red mudstones and inter

calated quartzites. Mud-cracks abound in the mudstones and 
there are also many thin, altered, greenish layers and lenses, 5 
to 10 mm in thickness and irregular strips and spots. The latter 
are distorted ripple-marks filled with coarser, sand-sized 
material which may be of tuffaceous origin. 

The intercalated quartzites are light gray-brown, fine
grained, massive and compact. Individual beds are up to 1 m 
thick. Thin veins of crystalline epidote and speculariteoccur in 
the quartzites. A few minor dark green bands, similar to those 
found higher up, are also present. 

A 7 m-thick bed of dark green schistose mudstones overlies 
the red beds. It is followed by another 7 m of dark brown or 
maroon mudstones and some 25 m of red beds similar to those 
lower down, although not as red. 

This second red-bed succession is overlaiD by about 7 m of 
light green tuffs and welded tuffs, which are separated by 25 m 
of red beds from another 100 m of silicified tuffs and welded 
tuffs. These latter rocks greatly resemble banded and massive 
cherts. They are light green with minor bright yellow-green 
layers. Some layers are speckled , the individual speckles being 
about 3 mm in diameter .In some cases alternations of off-white 
and light green bands, a few millimetres to a few centimetres 
thick, occur. Following on the tuffs another 100 m of red beds, 
similar to those below, occur towards the top of the mountain. 

Sediments of the Raudberget Formation are also found 
overlying the Hogfonna Formation at Friis-Baastadnuten, 
Kjellbergnuten and Huldreslottet. 

Petrography* - the quartzite exposed at Raudberget and 
Hogfonna consists of subangular to angular, closely packed 
grains of quartz, chert, feldspar and penecontemporaneous 
mud fragments in a siliceous matrix. The quartz grains are of 
the single, unstrained and inclusion-free type. Subordinate 
grains of metaq uartzite are also present. The chert grains are of 
the same types as found in the upper part of the Hogfonna 
Formation and contain numerous black, red and brown ferru
ginous inclusions. Feldspar, primarily orthoclase, appears to 
be less altered than in the Hogfonna Formation. A few grains 
of plagiodase were observed exhibiting strained and bent 
twinning lamellae. Rounded to well-rounded detrital grains of 

• A resume of petrographic studies by De Ridder (1970) of specimens from 
Raudberget and HOgfonna and by Minnaar (1973, 1975) of specimens from 
Brapiggen. 
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haematite, in thinly laminated layers in places, are present 
throughout the quartzite. The matrix is characterized by very 
fine , dark red ferruginous clay distributed throughout the rock, 
coating most grains and rock fragments with a red-brown crust. 
Subordinate amounts of sericite. calcite and granular 
aggregates of epidote are also present. The quartzites are 
strongly cemented by quartz and authigenic overgrowths of 
quartz are common. They are classified as ferruginous. cbert
bearing, meta-protoquartzites. The mudstones consist of silt
grade angular quartz and strongly altered epidotized feldspar 
in a highly ferruginous clayey matrix. 

Grain-size analyses showed that the sediments are generally 
fine to very fine-grained and only moderately sorted, in contrast 
to the slightly better sorted sediments of the underlying 
Hogfonna Formation. 

At Brapiggen, grain sizes in the arenites range from 0,06 to 
0,1 mm. Sorting is poor and the rocks are immature. Clasts are 
in the form of very angular chips (e.g. some of the quartz) to 
rounded grains (especially some of the chert). In the case of the 
purple-brown and dark brown arenites the grains are coated 
with clayey iron oxide. 

The majority of the feldspar grains are heavily saussuritized. 
The quartz grains are generally clear and unstrained and have 
secondary overgrowths of clear silica. Some of the unstrained 
clasts have deep embayments and are considered to be of 
volcanic origin. The chert grains, some of which have been 
well-rounded, have secondary overgrowths of mkrocrystalline 
silica. 

Also found in the arenaceous sediments are grains of pyro
clastic origin , mainly devitrified tuff. These consist of 
aggregates of relatively large to microscopic particles of quartz 
and flaky clay minerals, which may be dominant or almost 
absent. Haematite is present as smallish, rather well-rounded 
grains and chlorite, serpentine, talc and epidote also occur. At 
least some of the epidote grains are derived fr-om the alteration 
of feldspar. The matrix consists of a granular aggregate of 
epidote crystals cemented by silica in optical continuity with 
the siliceous grains. This silica is probably a mobilized 
devitrification product of volcanic glass. Clay minerals, calcite 
and reddish-black clayey material are present in small 
amounts. In the matrix of the purple-brown arenite apundant 
clusters of black, opaque, angular micro-particles occur. 
According to the classification of Pettijohn et al. (1972) these 
arenaceous rocks should be called tuffaceous feldspathic 
graywackes. 

The argillaceous sediments of the red beds at Brapiggen 
consist of silt-sized grains (0,01 to 0,02 mm) in a matrix of red, 
clayey iron oxide. The grains are highly angular to wedge
shaped and seem to be quartz. The rocks are thinly laminated, 
some laminae consisting of matrix while in others grains 
predominate. The sediments may also be tuffaceous. The tufts 
occurring with the red beds at Brapiggen vary and, on textural 
grounds, four types can be recognized viz. vitroclastic, 
laminated, pisolitic and welded tuffs. 

Jn the vitroclastic tufts the constituent grains are poorly 
sorted and the texture is typically vitroclastic. i.e. inclusions of 
minerals and rock fragments , disseminated in a groundmass of 
glass shards and volcanic ash. Essential inclusions comprise 
sand-sized fragments of embaycd 13-quartz crystals showing 
remarkably even extinction (Fig. 29), tabular elongated 
euhedra as well as fragments of orthoclasc or sanidine showing 
simple Carlsbad twinning, euhedra and fragments of 
plagioclasc (polysynthetic Albitc twinning) and flattened 
pumice. All , save the pumice, arc about sand-size<.L Accessory 
material inclusions are: fractured silt-sized quartz grains 
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Fig. 29 Embayed quartz grain in vitroclastic tuff. Polarized light; 
extinction position (from Minnaar 1975). 

Fig. 30 Black glass shards in laminated tuff. Plane-polarized light 
(from Minnaar 1975). 

Fig. 31 Eutaxith: structure in welded tuff. Plane-polarized light 
(from Minnaar l975). 

S. Afr. J. Anarct. Res., 1982, Suppl. 2 

resembling those of the arenaceous sediments; small. well
rowldcd, silt-sized haematite grains resembling the haematite 
of the arenaceous sediments; rounded and fragmented 
argillaceous material of various sizes resembling the 
argillaceous sediments. The matrix consists of colourless and 
black glass shards, very fine volcanic ash and iron oxides. 

The groundmass is completely devitrified and altered to a 
microcrystalline aggregate, probably of silica and flaky clay 
minerals. The feldspars are saussuritized and the muscovite is 
coated with iron oxides. Zeolites and epidote occur in the 
pumice fragments. The very rare mafic constituents are altered 
to chlori tes and iron oxides. Calcite is present as irregular 
patches. 

Owing to the altered nature and the compositional 
variability of the vitroclastic tuffs, reliable volumetric analyses 
could not be made. Any one of the essential quartz, feldspar, 
muscovite or glass shards may predominate, while haematite 
and argillaceous material may be absent. Lithic fragments are 
quite rare , which makes it possible to classify all these tufts as 
either vitric or crystal tuffs. T he abundance of quartz. alkali 
feldspar and muscovite suggests a rhyolitic composition. 

The laminated tu.ffs are better sorted, presumably due to 
differential settling from the air, so that rocks consisting of 
thin, irregularly alternating, lighter and darker laminae 
resulted. They generally contain thin intercalated layers (5 mm 
in thickness) of small (3 mm), slightly flattened ash balls and 
black glass shards (Fig. 30). These rocks, which consist entirely 
of fine volcanic ash, are also devitrified and altered so that when 
the polarizers are crossed a superimposed mosaic of silica and 
clay minerals similar to the groundmass of the vitroclastic tuffs 
is visible. 

The pisolitic tuffs consist almost entirely of closely packed, 
slightly flattened ash balls, approximately 1 mm in diameter, 
cemented by microcrystalline silica. Lamination and glass 
shards are frequently entirely absent. These are the "speckled 
rocks" previously referred to. The siliceous material in the 
interstices contains no clay minerals and is microscopically 
indistinguishable from chert. 

The welded tuffs are similar in composition to the vitroclastic 
tuffs but are welded and exhibit eutaxitic structure, i.e. they 
have a streaky or blotched appearance due to the alternation of 
bands or elongated lenses of different colour, composition or 
texture (Fig. 31). The glass shards and pumice fragments are 
drawn out and deformed in the direction of flow and the tabular 
muscovite crystals are aligned in this direction (Fig. 32). 

JUTULSTRAUMEN GROUP 
The Jutulstraumen Group comprises all the mainly 
volcanogenic formations occurring io the Ablmannryggeo and 
Borgmassivet. These are the Tindeklypa and lstind 
Formations. which together form the mainly pyroclastic 
Viddalen Subgroup, as well as the volcanic FasettfjeJJet and 
Straumsnutane Formations. It has been named after the 
Jutulstraumen. a large ice-stream and constitutes the upper 
Group of the Ritscherflya Supergroup. 

Viddalen Subgroup 
Definition - the Viddalen Subgroup comprises all the 
agglomerates. tuffs and penecontemporaneous lavas and 
associated sediments occurring in the T indeklypa and Istind 
areas. It has been named after the Viddalen, a large ice-stream 
occurring to the south of this area (Fig. 33). Tbe Subgroup is 
made up of the Tindcklypa and lstind Formations. 
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Fig. 32 Tabular muscovite (appears black) aligned in direction of 
flow in welded tuff. Plane-polarized light (from Minnaar 1975). 

Historical Review - Roots (1969) noted that "in the lstind 
Peak area, what are thought to be some of the stratigraphicaiJy 
highest strata include about 250 m of andesitic and basaltic 
flows, brown and red angular conglomerate, variable 
graywacke, agglomerate, fanglomerate and sedimentary or 
volcanic breccia". He did not assign a lithostratigraphic name 
and they are shown on his map as "undifferentiated clastic 
rocks". Neethling (1964) first followed Butt (1962) in 
considering that this succession, which he named the 
"Tindeklypa boulder beds" , was possibly a tillite. 
Subsequently, however, Neethling (l969b,c) named it the 
Tindeklypa Formation (Fig. 33) and suggested a volcaniclastic 
origin, in which he was supported by Watters (1969b). 

Neethling ( 1964), following Butt (1962), also described a 
"sequence of flat-lying and well-bedded arkose and quartz 
arenite that occurs towards the summit of lstind born" which 
he named the lstind arcnite. He later (1969b,c) renamed it the 
Istind Formation and noted that it overlaid the Tindeklypa 
Formation with an apparent angular unconformity. Both these 
Formations, as well as the volcanogenic Straumsnutane 
Formation were included in a Trollkjellrygg Group (Neethling 
1970). 

Van Zyl (1974b) considered that the succession at lstind is 
mainly volcanogcnic and that volcaniclastic deposits occur 
from the bottom almost to the summit. He considered the 
lstind Formation to be an upward continuation of the 
Tindeklypa Formation, with no angular unconforrnity between 
them. 

Bredell (1976) suggested that the Tindeklypa and lstind 
Formations should be downgraded to members of a Viddalcn 
Formation. The authors, however, areoftheopinion that these 
two units are lithologically dissimilar enough to warrant 
formational status as originally proposed by Neethling 
(J 969b,c). Because of continued volcanic activity in both these 
Formations they are united in the Viddalen Subgroup. 

Neethling (1970) inferred the existence of pre-Tindeklypa 
volcaoics, to which he gave the name Jutul Volcanics, from the 
description by Butt (1962) of well-rounded lava pebbles in the 
basal part of the Tindeklypa Formation . Despite careful 
searches by geologists of subsequent expeditions no evidence 
for the existence of the Jutul Volcanics could be found. 
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Tindeklypa Formation 
Definition-the Tind~klypa Formation consists of a succession 
of agglomerate with subordinate tufts. The type locality is 
Tindeklypa (Fig. 34). 

Distribution - this Fonnation occurs only in the Tindeklypa 
and lstind areas (Fig. 33) and also at Grasteinen. 

Utbostratigraphy - lhe Tiodeklypa Formation consists 
predominantly of gray to reddish-brown agglomerate. The 
clasts of angular to subrounded pebbles, cobbles and boulders 
range in siz.e from microscopic fragments to large boulders 
several metres in diameter. About 90 per cent of the clasts are 
of sedimentary origin, the rest being igneous. No clasts of 
granitic or metamorphic rocks were found. According to 
Bredell {1976), clasts of all the formations of the 
Ahlmannryggen Group are to be found in the agglomerate. 
Other clasts present are red jasper, chert and calcite. 

Compositionally the matrix of the agglomerate closely 
resembles the agglomerate as a whole on a smaller scale. lt 
consists of angular to subrounded grains of quartz embedded 
in a finer argillaceous matrix. No volcanic material such as glass 
shards or ash particles was observed (Bredelll976). 

A succession at Grasteinen , correlated with the Tindeklypa 
Formation, has been described by Van Zyl (1973). It consists 
of interbedded red-weathering, greenish tuff and grayish and 
reddish agglomerate. According to him this succession is 
probably stratigraphically below that exposed in the type area. 

lstind Formation 
Definition - this Formation comprises a succession of 
sediments with interbedded agglomerates and tufts. The type 
locality is at Tstind, where it has a thickness of about 340 m. 

Distribution - this Formation occurs only at Istind and at the 
nearby Nunatak 1320 (Fig. 35). 

Lithostratigrapby - the succession at Istind and Nunatak 1320 
is shown in Fig. 36 and also Table 3. The sedimentary rocks 
consist of brown-red to gray quartzites which are frequently 
cross-bedded and ripple-marked. At Istind, the lower 
quartzites are tuffaceous (Bredelll976). 

According to Van Zyl (1974b) the agglomerates occurring in 
the Istind Formation are less dense and less coarse than those 
of the underlying Tiodeklypa Formation. A fair degree of 
rounding and faint cross-bedding seen in a tuffaceous layer 
indicate reworking by water. 

Van Zyl (1974b) rejected the conclusions by Watters (1969b) 
and Neethling (1970) that the igneous rocks occurring in the 
lstind Formation are interbedded lava flows. He stated that 
these rocks exhibit intrusive, cross-cutting relationships, with 
chilling of the upper contact and baking of the adjacent rocks. 
He regarded them as sills. 

The top of the Istind Formation is not exposed . Its bottom is 
taken as the base of the first sedimentary bed in the succession 
at lstind and Nunatak 1320. 

Petrography- in thin section the sediments are seen to be well 
sorted and 10 possess a fine-grained clastic texture. The well
rounded grains have been recrystallized and·variable amounts 
of plagioclase, partly altered to scricite, and minor amounts of 
ferromagnesian minerals are present. Heavy minerals are 
scarce - those noted were zircon, magnetite and rarely 
epidote (Butt 1962). 

Fig. 35 Side-view sketches of lstind and Nunatak 1320 (after 
Bredelll976). 
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Table3 
The stratigraphy of the lstind Formation as occurring at Nunatak 

1320 (after Bredelll976) 

Elevation 
above 
snow 
surface (m) 

266-291 
241-266 
155-241 
150-155 
130-150 

105-130 

77-105 

75-77 

Thickness Lithological description 
(m) 

25 Intrusive rock. 
25 Red quartzite (mainly scree). 
86 Intrusive rock. 
5 lntensely sheared red quartzite. 

20 Dark brownish gray quartzite, containing 
small grains of red jasper. 

25 Dark red quartzite and shale with abun
dant flow ripple-marks and mud-cracks. 
Cross-bedding is present but is not well 
developed. Direction of transport was 
from the north (between 171° and 174°). 
The general strike of beds is 02° and the dip 
12o to the east. 

28 Fine-grained red quartzite and intercalated 
red shale with flow ripple-marks and oc
casional mud-cracks. 

2 Conglomerate, containing well-rounded 
pebbles of red jasper and gray quartzite 
(up to 7 cm in diameter). 

Fasettfjellet Formation 
Definition - the FasettfjeUet Formation comprises a 
succession of volcaniclastic and volcanic rocks overlying the 
Hogfonna Formation at Fasettfjellet. 

Historical Review - a volcanic succession exposed at 
Fasettfjellet was discovered by Bastin (De Ridder & Bastin 
1968), who reported that sediments of the Hogfonna 
Formation are overlain by 300 m of dolerite, agglomerate and 
lava. The rocks were not seen in silu and their existence was 
inferred from specimens collected from scree. The succession, 
which was subsequently investigated by Watters {1969a,b), 
was named the Fasett Volcanics by Neethling (1970) who 
included it with his Jutul Volcanics and the Otkikken lava in a 
Jutul Group, the stratigraphic position of which was uncertain. 
In an account of the Tindeklypa Formation, Neethling (1970) 
noted "its association with red bed clastics and interbedded tuff 
in the Fasettfjellet region", which implies correlation. 

It is deemed preferable here to describe the Fasettfjellet 
volcanics as a separate formation , as their correlation with 
successions in the Viddalen Subgroup and the Straumsnutane 
Formation, although probable, has not been established. 

Distribution- the succession, which dips at a low angle to the 
west, is confined to Fasettfjellet (Fig. 37). 
Lithostratigrapby - the succession at the type locality, the 
northern face of Fasettfjellet (Fig. 38) was divided by Wattcrs 
( 1969a) from top to bottom as follows: 

Amygdalosdal and non-amygdaloidal Java with a thin band of red tuffaceous 
sandstone 160 m up. The lowcnnost 10 m of the lava exhibit pillow structures 
(260m). 

Coarse-grained reddish-brown tuff with its upper 1 m sandy and bedded ( 4 m). 
Agglomerate which is well consolidated and greenish-gray to brown in its lower 

part grading through brown to purplish-brown at the top. Angular to well· 
rounded pebbles of quartz and jasper become more frequent in the upper half 
(17 ,5 m). 

Bright red-brown tuff (0,5 m) . 
Tuff and agglomerate (grading upwards from light gray-green to dark green) 

(IS m) . 
There is an apparently conformable contact with the Hl\gfonna Formation. 

According to Watters (1969a) the lavas. agglomerates and 
tuffs arc very similar petrographically to those of the Viddalen 
Subgroup and the Straumsnutane Formation. 
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Straumsnutane Formation 
Definition - the Straumsnutane Formation consists of a 
succession of andesitic Lava flowli with minor pyroclastics and 
sediments occurring in the Straumsnutane area of the 
Ahlmannryggen. 
Historical Review - the NBSA Expedition discovered 
volcanic rocks in the north-eastern Ahlmannryggen. Roots 
(1953) reportt:d that the lava llows. whjch in many cases are 
altered to greenstones, are of intermediate to basic 
composition and that to the south they overlie. and in part are 
intercalated with, conglomerates and impure quartzites. 
Subsequently (1969) he proposed a lithostratigraphic unit, the 
Trollkjell Group, for the lavas and associated minor tufts and, 
according to the legend of hls map but not noted in his text, 
''minor conglomerate. quartzite''. 

Butt (1962) was the first SANAE geologist to investigate the 
area. He noted. inter alia, that the lavas are mostly amyg
daloidal aodesites and that, closer to the Jutulstraumeo. they 
are intensely sheared. Watters (1972), who mapped the 
nunataks in greater detail in 1968/69, subdivided the volcanic 
succession , which he reported to be about 860 m thick, into four 
informal units. Neethling (l969c) introduced the name 
Straumsnutane Volcanics for the volcanic succession but later 
( 1970) renamed it the Straumsnutane Formation. 

Distribution- the Formation, which has not been found in 
contact with any other stratigraphic unit, is exposed only in the 
Straumsnutane area at the north-eastern end of the 
Ahlmannryggen (Fig. 39). The type locality is Trollkjelpiggen 
(Fig. 40). 
Lithostratigraphy• - the Straumsnutane Formation is made 
up of at least 860 m of andesitic lava flows. Individual !lows 
range in thickness from less than I m to SS m. Many of the 
thicker ones are undoubtedly composite but, as many 
eruptions appear to have followed one another in rapid 
succession, contacts are generally diffuse and sharp ones are 
rare. As expected, flows become increasingly more 
amygdaloidal in their upper parts and regionally they wedge 
out. 

Pillow lavas occur mainly on the western side of the 
Straumsnutane, being common at Nunatak 990, the western 
Trollkjelpiggen, Snokjerringa and Snokallen (Butt 1962, 
Watters 1972). The pillows range in diameter from 0,2 m to 
more than 3 m and are generally wider than they are high. They 
consist of non-amygdaloidal or moderately amygdaloidallava. 
Filling the inter-pillow spaces is highly amygdaJoidallava, or 
lava breccia, or large spidery fillings of secondary quartz, 
chalcedony and accessory epidote, chlorite, prehnite and 
feldspar. Unfilled cavities were also observed. 

Agglomerates have not been found in the Straumsnutane 
Formation and intercalated sediments are relatively rare. At 
SnokaUen there are two sedimentary interbeds 30 m apart. 
Both occur below bands of pillow lava. They are not 
continuous and the pillow Lavas, more often than not, rest 
directly with sharp contacts on the underlying lava. 

The lower sedimentary interbed at Snokallen is a 
conspicuous deep red with some green patches. It is very fine 
grained and highly calcareous and locally also contains 

•eased o n Watters 1972 and unpublished reports and field notes. 

Fig. 36 Comparison ofthesuccessions at Istind and Nunatak 1320 
(afterBredell 1976). 
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gypsum. At Nunatak 820 a coarse-grained tuffaceous 
quartzite, up to I m thick and ranging in colour from pinkish· 
brown to dark greerush-gray, occurs in the lava. 

All these sedimentary interbeds are conformable with the 
la vas. At Nunatak 820 and at Brautnuten, however. raf1ed 
hlocks of sediments with anomalous dips were found. 

T he aggregate thickness of the Java succession is 860 m 
which, as neither the top nor the bottom is exposed, is a 
minimum. Watters (1972) divided it into four members. Due to 
the hlgh degree of lateral variation in the flows. the absence of 
persistent marker horizons and the transitional relationsrups 
between units, the subdivisions arc regarded as informal and 
are thus described as units: 

(a) Upper tmil ( 4()() m)- the lower half is predominantly greenish-gray lava 
similar to that of the middle unit. Pillow la vas are typical and become more 
abundant towards the top. A panicu1arly persistent pillow lava zone occurs 
about 30 m below the top. Amygdales and coalesced amygdaleo; are 
commonly arranged in wavy or straight bands. There is a definite 
association, and usually a gradation, between wavy· banded :omygdaloidal 
lava and pillow lava. The latter type makes up between lU m and JJU m of the 
unir. Thin intercalated sediment& occur m the upper half. Their maximum 
development is mainly on the western side of the Straumsnutane at western 
Trollkjelpiggen. Nunatak 990, Snokjerringa and Sn6kallen. 

(b) Middle unit ( 100 m)- this consists of highly amygdaloidallava alternating 
with only slightly amygdalo1dal or non-amygdaloidallava flows. The lava is 
typically fine· to medium-grained and greeni.sb·gray. Amygdales may be 
arranged in bands. lt is best developed in the eastern Trollkjclpiggen. 

(c) Transitional Unir(IOOm)-flowsofthc lower unit are gradually replaced by 
lavas of th-e middle unit. The best exposures arc in the eastern 
Trollkjelpigg<:n. 

(d) Lower unit (260 m) - it consists of flows of aphanitic to fine·gramed. 
greenish-gray lava, which in the lower two-thirds of each flow contains very 
large amygdales. filled mainly with secondary quartz aod accessory epidote. 
These amygdales may be egg•sbaped (10 to 100 mm), dish-shaped (80 to 
100 mm). or pipe·like (30 to 400 mm in length and 6to 80 mm in diameter). 
The upper parts of flows are highly amygdaloidal and cro,wded with small 
rounded amygdales6 to 8 mm in diameter. lt is exposed at Otkikken (165 m) 
and in the oonh-eastern part of the Trollkjelpiggen. 

On weathering, the lavas generally develop pitted surfaces 
due to loosening and falling out of amygdales and also acqwre a 
light brown to reddish-brown colour. A n exception is Nunatak 
1090 where the lava has retained its gray-black colour with the 
development of a slight redrush tinge. 

Petrography- the lavas, in which an indistinct flow structure 
is sometimes present, are all altered with extensive 
epidotization, chloritization and sericitization. The more 
highly sheared are the most altered and many of these have a 
schistose appearance. Some lavas are altered to the extent 
where practically no traces of the original constituent minerals 
remain, the rocks consisting almost entirely of epidote, chlorite 
(generally penninite), prehnite and ore minerals. 

The highly altered state militates against accurate 
petrographic determinations. Butt (1%2) reported that a 
representative, relatively unaltered specimen displayed very 
sparse subhedral andesine crystals in a hyalophltic groundmass 
of slender, sub-radiating andesine-oligoclase crystals. small 
grains of anhedral augite and volcanic glass. The feldspars 
show no preferred orientation, and twinning is visible in only a 
few. Most feldspar crystals are partly sericitized. He noted that 
the more basic flows are aphanitic and hypocrystalline and 
consist of anhedral femic grains in an intersertal aggregate of 
feldspar and glass. 

The ratio of ferromagnesian minerals to the fe1dspars is 
much higher than in the more acid lavas. Accessory minerals 
are magnetite. spine! and zeolite (probably analcime). 

A suite of least altered specimens from the whole succession 
was investigated by Watters (1972). The feldspar has a 
composition in the andesine range, generally AnJs-38· In most 
specimens the pyroxene is augite with minor amounts of 
orthopyroxene and pigeonite. The usually present glassy 
mesostasis is often crowded with feldspar microlites, which are 
brown and cloudy as a result of alteration. 
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The la vas, thus, are apparently all andesites and the presence 
of basalts has not been confirmed by petrographic 
investigations. According to Watters (1972) the non-glassy 
lavas are porphyritic and, in a few cases, (e .. g. a 6 to 8 m-thick 
zone about half·way up Nunatak 820) glorneroporphyritic. The 
phenocrysts are generally plagioclase laths. but pheno
crystic pyroxene was also observed. 

Butt (1962) noted that, in places. amygdales make up nearly 
half the volume of the Java. They are highly variable in shape 
and size but the majority are rounded and less than 10 mm in 
diameter. The amygdales are mainly quartz and white and blue 
chalcedony; minor constituents are green chlorite, calcite and 
feldspar. In thin section an amygdale [rom a lava at 
Trollkjelpiggen was found to consist of an aggregate of 
anhedral quartz grains with tridymite and square crystals of 
cristobalite. Associated with some amygdales are small Hakes 
of muscovite and isolated zeolite crystals. Many of the calcite 
amygdales display chlorite (penninite) developed between the 
calcite and the country rock. Many amygdales are also finer 
grained near and along their margins. 

The intercalated sediments occurring at Nunatak 1090 
consist of fine-grained quartz and cloudy pyroxene (ragments 
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in an aphamttc to cryptocrystalline matrix. There is a suggestion 
of crystal alignment that is evident as light and dark layers in the 
dense cloudy groundmass. Large grains of haematite with a 
highly metallic lustre indicate subsequent mineralization (Butt 
1962). The tuffal:eous quartzite at Nunatak 820 shows evidence 
of shearing. 

The calcareous rock at Snokallen was found on thin-section 
examination (Watters 1969b) to consist almost entirely of 
calcite. which is present as small rounded grains and as large, 
apparently recrystallized, twinned crystals. Intercalated with 
the calcite, and responsible for the banded appearance, is a 
cryptocrystalline cloudy mass of tuff. lmmediately overlying 
this. with a very sharp contact. is a dark red. well-compacted tuff 
consisting of aphanitic quartz and feldspar grains in a 
cryptocrystalline matrix of weakly birefringent grains and 
volcanic glass. Small crystals of a fcrromagnesian mineral also 
form part of the groundmass. t 
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DEPOSITIONAL ENVIRONMENT 
AND PROVENANCE 
AHLMANNRYGGEN GROUP 

Pyramiden Formation 
The scarcity of sedimentary structures in the lower part of this 
Fonnation and the presence of sulphides are indicative of 
quiet, low-energy sedimentation under deep-water reducing 
conditions. The basin apparently filled gradually and, in the 
later stages, the water was so shallow that the sediments were 
periodically exposed to the air as is shown by ripple-marks. 
desiccation cracks, mud-pebble conglomerates and raindrop 
impressions. Subsequently, flooding took place and deposition 
was under increased energy conditions (Bredell1976). 

Van Zyl (1974c). measuring and plotting a large number of 
cross-bedding poles at the type locality, Pyramiden, found a 
clearly preferred orientation indicating a main palaeocurrent 
direction of almost due north (6°). He concluded that at the 
time of deposition the area was fairly stable and, because the 
regional slope was not always steep, some shift in current 
directions resulted, as indicated by different attitudes of cross
beds at some stratigraphic horizons. However, no systematic 
change in palaeocurrent direction from the bottom to the top 
of the succession was found. At Kjolrabbane, 15 km to the east, 
the mean current direction proved to be nearly the same (355°). 
Bredell's (1976) measurements of current-bedding and of 
ripple-marks in the Nashornet-Viddalskollen area gave a 
palaeocurrent direction ranging between 74° and 152°. The 
slight decrease in mean grain size from Pyramiden in the west 
to Nashornet and Viddalskollen in the east also indicated a 
source in the west (Bredell1976). 

The Pyramiden sedirnents at Babordsranten, 13 km east of 
Pyramiden, display flow-ripple marks that strike between 52° 
and llSO, indicating a source area located between south
southwest and south-east (Bredelll976). 

The grani te pebbles at the type locality and the high 
percentages of angular quartz and albite grains indicate a fairly 
nearby granitic provenance. 

Framryggen Formation 
The presence of desiccation cracks and ripple-marks indicates 
that the overlying Frarnryggen Formation accumulated in 
shallow water, under low-energy conditions, with alternating 
deposition of fine-grained sand and mud. The grains of quartz 
and feldspar in the graywackes are somewhat more rounded 
than those in the Pyramiden Formation, indicating longer 
transport. 

Schumacherfjellet Formation 
The nature of these sediments indicates that they were also 
initially deposited under low-energy, fairly shallow-water 
conditions that persisted until near the closing phases of 
deposition, when a slight but marked increase in current 
velocity set in, as is shown by the onset of current bedding. 
During these closing phases the water level seems to have 
varied from time to time, with periods of total exposure 
resulting in desiccation cracks and the development of intra
fonnational conglomerates. The absence of sulphides and the 
presence of iron oxides, haematite and specularite, indicates 
increasing oxidizing conditions in contrast with those 
prevailing during Pyrarniden times. 

From measurements of cross-bedding and flow-ripples , 
Aucamp (1972) deduced that the provenance area for the 
sediments of the Schumacherfjellet Formation was located to 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

the south-west and west. Van Zyl (1974c), from a more 
detailed study. concluded that the source area for the lower 
part of the unit lay to the south-west and for the upper part to 
the west-southwest. 

Bredell (1976) considered that the first material to enter the 
basin during this period of deposition was derived from 
weathered rocks - probably granitic. Further erosion in the 
provenance area led to the removal, transport and deposition 
of increasing quantities of sandy material. As the sedimentary 
structures in succeeding quartzite and mudstone beds indicate 
the same palaeocurrent direction, he concluded that the fairly 
rapid alternation of these two rock types was probably due to 
sorting during transportation and differential settling under 
qwet conditions, rather than to variations in the provenance. 

Hogfonna Formation 
Cross-bedding measurements in the lowest member of the 
Hogfonna Formation, the Grunehogna Member, indicate a 
shifting of the provenance area to the west and north-west 
(Aucamp 1972). There was a continued increase in energy and 
arenites and cot•glomerates replaced the argillaceous deposits 
that predominated in the underlying Framryggen and 
Schumacherfjellet Fonnarions. This suggests that the 
provenance area was differentially uplifted. resulting in faster 
inflow of freshly eroded material. The shallow-water environ
ment, however, persisted as is indicated by well-developed 
desiccation cracks. Their association with large-scale cross
bedding and the widespread presence of erosion channels, led 
Aucamp (1972) to postulate an environment that approached 
deltaic conditions. Such an environment could also account for 
the high degree of lateral discontinuity of beds in all members. 

Van Zyl (1974c) showed that during the deposition of the 
Grunehogna Member, the palaeocurrent direction shifted 
clockwise from 130", through 1500, to 155° (with another pole 
at 140°). 

In the type area of the Veten Member, De Ridder (1970) 
deduced that the provenance area continued to Lie to the west 
and southwest. The roundness values of the grains and the 
presence of detrital chert suggested a source area consisting 
predominantly of sedimentary rocks. The nature of the pebbles 
in the conglomerates- jasper, chert, quartzite and mudstone 
- supports this view. Relatively small exposures of granitic 
and metamorphic rocks might, however, have been the source 
of the grains of undulose, composite and metamorphic 
varieties of quartz found in Veten sediments. 

The nature of the sediments and the occurrence of 
desiccation cracks, ripple-marks, rain-prints and mud-pebbles 
indicate that the Veten Member was also deposited in a 
shallow-water to exposed environment, generally under low
energy conditions similar to those prevailing during the last 
phases of sedimentation of the Schumacherfjellet Formation. 
Small-pebble conglomerates and gritty bands that were 
occasionally laid down in the predominantly cyclic succession of 
quartzites and mudstones. indicate higher current velocities for 
relatively short periods of time. 

The lower part of the upper member, the Hogfonnaksla 
Member, is devoid of true conglomerates but intraformational 
mud-pebble zones do occur. Ripple-marks and desiccation 
cracks indicative of shallow-water conditions occur 
abundantly. Although predominantly a cyclic succession of 
quartzites and mudstones, conglomerates occur increasingly in 
the upper part of the Member, which may be due to uplift in the 
provenance area. The uppermost bed is a widespread 
conglomerate ; the pebbles are mainly of ortho- and proto-

S. Afr. J. Anarct. Res., 1982, Suppl. 2 

quartzites with subordinate jasper, quartz and chert (De 
Ridder 1970). 

At Fasettfjellet. Bredell (1976) deduced that the Hogfon
naksla sediments came from the south-east. At Dugurds
piggen, in the north-eastern corner of the Borgmassivet, he 
noted that mudflows indicated transport from south-west to 
north-east. At Mana, in the south of the Borgmassivet, 
Minnaar (1973) reported that the cross-lamination indicated 
sediment transport from west to east but also, less frequently, 
in the opposite direction. Ripple-marks, on the other hand, 
indicated flow to between north-west and north-northwest. 
The inconsistency of palaeocurrent directions suggest locally 
unstable conditions. 

Haematite-rich black sand deposits occurring in the upper 
part of the Hogfonnaksla Member are considered by De 
Ridder (1970) to have been thoroughly reworked, probably on 
beaches. 

In general, the provenance area does not appear to have 
changed significantly in character during the time in which the 
Hogfonna Formation was deposited. It lay to the west and 
north-west during earlier stages of sedimentation and slowly 
changed to west and south-west and even to south-east during 
the latter stages. 

Glassy Japilli occur in the quartzite and conglomerate near 
the base of the Hogfonnaksla Member at Fasettfjellet (Watters 
1969a). At Hogfonna a 2 m-thick bed oftuff occurs 100 m up in 
the succession. These occurrences mark the onset of the 
volcanicity that came to predominance during the deposition of 
the Jutulstraumen Group. The volcanoes which emitted the 
volcanic ash were not necessarily in the provenance area of the 
associated sediments. 

Jekselen Formation 
The current bedding in one of the larger and relatively 
undisturbed xenoliths of the Jekselen Fonnation indicates that 
the source area remained in the north and north-west (Bredell 
1976). A complete and undisturbed succession has not been 
preserved but from the general nature of the sediments, it is 
deduced that sedimentation, as in the immediately preceding 
units, also took place in shallow water. 

Raudberget Formation 
The Raudberget Formation is characterized by its striking red 
colour, produced by heavy impregnation with iron oxides. 
Apart from a well-developed basal conglomerate, all other 
conglomerates in the unit are of the intraformational mud
pebble kind. The depositional environment was originally 
shallow to occasionally subaerial, as is shown by a few bedding 
planes bearing rain-prints, but apparently the depth of water 
increased somewhat and desiccation cracks, so common in 
Hogfonna sediments, have not been reported. Grains of 
pyroclastic origin in the arenaceous sediments, welded tuffs 
and tuffs that form beds up to 100 m thick in the Raudberget 
succession, indicate an increase in volcanic activity. 

De Ridder's (1970) grain-size analyses led him to conclude 
that the depositional environment was essentially the same as 
during the accumulation of the upper two members of the 
underlying Hogfonna Formation, save that a slightly faster 
burial rate of the sediments, a probably larger loading of the 
transporting currents and exclusion of the winnowing effect, 
are indicated. ln consequence, the Raudberget sediments are 
generally immature and not as well sorted as those of the 
Hogfonna Formation . 

The nature of the pebbles in the basal conglomerate and the 
large amount of detrital chert suggest continuation of 
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derivation from a predominantly sedimentary provenance area 
with, probably, some exposures of low-grade metamorphic 
rocks. Transport directions indicate that the provenance area 
lay to the west and south-west (De Ridder 1970). 

The Raudberget sediments and those of the immediately 
underlying Hogfonnaksla Member of the Hogfonna Forma
tion contain appreciable amounts of original detrital 
ferruginous material. From this, De Ridder (1970) deduced 
that acidic, reducing conditions prevailed during sediment 
transport. In the depositional basin, however, oxidising 
conditions apparently prevailed, possibly due to the 
contemporaneous volcanism. 

JUTULSTRAUMEN GROUP 
Viddalen Subgroup and the Fasettfjellet Formation 

The agglomerates, tuffs and associated lavas of these units 
appear to have accumulated partly under subaerial and partly 
under subaqueous conditions. Although the basin in which the 
sediments of the Ahlmannryggen Group were deposited had 
probably partly dried up by this time, water-filled basins must 
have developed on the volcanic landscape from time to time 
and persisted over relatively long periods. This is indicated by 
the sedirnents of the Istind Fonnation and the evidence that 
some of the agglomerates of that Fonnation were reworked by 
water. It is also confirmed by the pillow lavas occurring in the 
Fasettfjellet Formation. 

Sedimentary structures are scarce in the sediments of the 
lstind Formation and no reliable conclusions could be drawn 
regarding transport directions. The nature of the sediments 
however, also suggests shallow-water conditions. 

The accumulation of these rocks probably took place at the 
same time as the deposition of the Raudberget Fonnation in 
the remaining part of the basin. 

Straumsnutane Formation 
According to Watters (1972) the shapes and attitudes of the 
pillows in many of the pillow lavas indicate an overriding of 
successive pillows, generally towards the south-east. 
Measurements at Nunatak 990 indicate a flow direction to the 
east-southeast and at Bolten, wrinkles or undulations in the 
upper surfaces of flows show movement to the south-southeast. 
Determination of direction of flow by the inclination of pipe 
amygdales was generally hindered by shear deformation. Less 
sheared outcrops confirmed that the predominant direction of 
Java flow was to the south and east. 

The upper part of the Straumsnutane Formation was 
deposited under water as evidenced by pillow lavas and the 
nature of the intercalated sediments, mainly water-lain tuffs. 
These appear to have accumulated in relatively shallow pools 
during periods of quiescence. In general, ripple-marks in the 
sediments trend 142°. Deeper conditions, .in probably larger 
bodies of water, seem likely as evidenced by the pillow la vas. 

The source area of both the volcanics and the associated 
sediments appears to have lain to the north and west. 

CONCLUSIONS 
Deposition of the Ritscherflya Supergroup apparently took 
place in an intracratonic basin, at that time situated in the 
interior of Gondwanaland. There is no evidence to indicate 
deposition in a marine environment. 

Deposition of the Ahlmannryggen Group apparently com
menced in a moderately deep-water, reducing environment. 
A more definite ronclusion cannot be arrived at as the base of 
the Group is nowhere exposed. After the lower part of what is 
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now exposed of the Pyramiden Forn1ation accumulated, the 
environment changed to a shallow-water oxidizing one. From 
time to time the sediments were exposed to the air and there 
were periods of uplift in the provenance area. which lay to the 
west. 

In general, the environment is considered to have been at 
first a low-energy one and subsidence in the basin appears to 
have been at a fairly uniform rate. From the Pyramiden 
Formation upwards the sediments are first fine-grained. then 
fine-grained alternating with coarser-grained, then 
predominantly coarser, ending with red beds. Upwards. the 
sediments also increase in maturity from graywackes to 
orthoquartzites and mudstoncs. Palaeocurrent directions 
indicate that during the deposition of the AhJmannryggen 
Group the provenance area was mainly to the north-west and 
south-west, although at times detrital material was derived also 
from the south and even south-cast. 

During the deposition of the upper part of the Hogfonna 
Formation, conditions in both the provenance area and in the 
basin of deposition apparently became increasingly less stable. 
At this time volcanic material first entered the basin; 
volcaniclastics became an important constituent of the 
succession when the succeeding Raudbergct Formation was 
deposited. Volcanism continued to increase and volcanic 
material comprises the bulk of the following J utulstraumen 
Group. For the most part, the agglomerates, ash and lavas 
accumulated on land, but some of the lavas solidified under 
water and sediments accumulated in relatively smaJJ bodies of 
water. + 
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INTRUSIVE ROCKS IN THE 
RITSCHERFLY A SUPERGROUP 

HISTORICAL REVIEW 
The geologists of the NBSA Expedition found that the 
sedimentary assemblage of what is now named the Ritscher
flya Supergroup had been extensively invaded by intrusive 
mafic rocks which, due to their !>uperior resistance to erosion. 
formed the dominant rock type of many nunataks (Roots 
1953). Roots (1969) subsequently named them the Borg 
Intrusions. 

The nunataks in the northern part of the Ahlmannryggen 
were investigat\!d by V on Brunn (1963, 1964b) who found that 
they were also mainly made up of mafic and ultramafic rocks. 
He provisionally correlated them with the Jurassic Ferrar. 
Karoo and Tasmanian dolerites. Neethling (1969c) named 
these mafics the Boreas tholeiitic dolerite. He provisionally 
included them with his Borg Metamafic lntrusives which 
comprised all the other sills in the area. On the basis of 
radiometric dating by McDougall (1969), Neethling (1969c) 
considered them to be of Precambrian age. Subsequently 
Neethling( 1970, 1972b)adopted Roots' nameofBorg Intrusion 
for all the mafic Precambrian si lls in the area. 

Syeno-diorite occurring as plugs, dykes and irregular bodies 
in the mafic sills at Nils Jorgennutane and other localities was 
named the Jorgen syeno-diorite by Neethling (1969c). He 
considered the possibility that these intrusives might be late
stage differentiates of the mafic rocks, but aJso noted that they 
could be younger. Allsopp and Neethling (1970) named them 
theJorgen Intrusions and considered them to be separate from, 
and younger than, the Borg Intrusions. 

Peridotitc, occurring below altered dolerite at Roberts
kollen in the northern part of the Ahlmannryggen (V on Brunn 
1%3), was regarded by Neetbling (1969b) as being genetically 
related to the dolerite. He named it the Roberts Knoll 
peFidotite. 

Bredell (1976, 1982) rejected all the earlier names and 
proposed the names Krylen Intrusions and Ytstenut Intrusions, 
the two being separated mainly on the basis of radiometric 
ages. Lithologically and mineralogically. however, they cannot 
be distinguished and his subdivision is thus cbronostrati
graphic rather than lithostratigraphic. 

The authors are of the opinion that at present there is 
insufficient evidence for a meaningful subdivision of the 
intrusive sills on the grounds of either lithology or age. For this 
reason they are collectively described under the name 
Borgmassivetlntrusives. 

BORGMASSIVET INTRUSIVES 
Definition - the name Borgmassivet lntrusives is used to 
describe all the relatively flat-lying mafic sills of Precambrian 
age which intrude into the sedimentary-volcanogenic rocks of 
the Ritschcrflya Supergroup. The subordinate terms 
Robertsko/len suite and Nits Jorgennutane suite are used for 
their ultramafic and felsic phases respectively. 
Distribution and mode of occurrence - the Borgmassivet 
Intrusives occur widely distributed throughout the 
Borgmassivet, where they make up at least 50 per cent of the 
totaJ vertical exposures and in the Ahlmannryggen, where they 
constitute some 80 per cent of all the outcrops. They have not 
been recognized in the Kirwanveggen. 

Although apparently concordant with the intruded 
sediments in most outcrops, the emplacement pattern is locaUy 
transgressive and a shift to successive stratigraphic horizons in 

S. Afr. J. Anarct. Res., 1982, Suppl. 2 

a series of steps has been noted. Transgressive parts of sills 
have, in places, crumpled the ends of truncated beds for a few 
metres. Some sills are markedly lenticular, or have steep 
wedge-shaped terminations over which the sediments are 
arched (Roots 1953). They usually have chilled upper and 
lower contacts and many of the sills display columnar jointing. 
MuJtiple-type intrusion has been reported (Neethling 1970). 

A few large dykes, up to 50 m across and petrographically 
similar to the sills, cut both sediments and sills. Some may be 
feeders of stratigraphicalJy higher sills. 

Lithology - the Borgmassivet Intrusives range from doleritic 
to quartz-doleritic and dioritic in composition (Neethling 
1970). The thicker sills are very often differentiated with thin 
mafic or ultramafic lower zones, thick central zones of dioritic 
or gabbroic composition and upper zones that become pro
gressively more feldspathic, sometimes culminating in highly 
feldspathic o r micropegmatitic bands. Some thicker sills are 
horizontally banded. The Johnsbrotet sill in the extreme north
west of the Ahlmannryggen, for example, displays locally 
alternating layering of Lighter and darker constituents (Von 
Brunn 1963). 

Xenoliths of sedimentary rocks are not uncommon. 
Reaction between them and the intrusions has, in places, 
resulted in the formation of granodiorite. Dolerite pegrnatite is 
common. It forms irregular patches and schlieren and also well
defined veins. 

Petrography - no systematic investigation of the petrography 
of the Borgmassivet Intrusives has been undertaken. Descrip
tions of specimens from limited areas or singJe nunataks in the 
Ahlmannryggen and Borgrnassivet are, however , avaiJable: 
(a) Sills of the northern Ahlrrumnryggen - the intrusions here 

were investigated by V on Brunn (1963). Apart from those 
of the RobbertskoUen suite they are tboleiiticdolerites that 
exhibit little or no differentiation - the term " tholeiitic" 
being used in the sense as defined by Yoder and Tilley 
(1962). 

All specimens of tholeiitic dolerite contain interstitial 
micropegrnati te. In larger interstices, separate allotrio
morphic grains of quartz and of alkali feldspars may occur. 
Accessories are iron ore, chlorite, biotite, apatite, epidote 
and sphene. 

In many thin sections (e.g. from Robertskollen) the 
dolerites have a subophitic texture. At Baken, augite and 
subordinate pigeonite phenocrysts occur in a groundmass 
of small , partly sericitized plagioclase crystals and are 
frequentJy embayed by turbid plagioclase. Pigeonite and 
augite are in places intimately intergrown. At Johnsbrotet 
the pyroxenes are usually moulded onto plagioclase. 

WeB-developed columnar jointing is displayed by the 
lower part o f the sill at Krylen, while the upper part is 
poorly jointed. The transition between the two is graduaL 
Two related varieties of the poorly jointed dolerite, which 
is subophitic, were distinguished; the first carries large 
plates of orthopyroxene with veins, showing a progressive 
iron enrichment, whilst in the other large primary ortho
pyroxene crystals are absent and there is evidence of 
inversion of pigeonite to hypersthene with limited 
exsolution of augite. The columnar-jointed part has a 
higher degree of alteration and hornblende is present. 
Augite builds long, slender and twinned crystals which are 
conspicuous in hand-specimens. Orthopyroxene is rare and 
plagioclase laths are generally poorly developed and 
clouded by sericitization . 

The Johnsbrotet sill is differentiated and the lower 
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exposures are noritic dolerite characterized by a high 
proportion of bronzite (some as large euhedral crystals) 
with subordinate, but large. plates of ophitic augite, the 
only clinopyroxene. Most of the plagioclase crystals are 
lath-like but the texture is seriate. Micropegrnatitc is rare. 

Modal analyses show that plagioclase is nearly always the 
most abundant mineraJ ranging from 38 per cent to 62 per 
cent by volume. Pyroxene ranges from 32 per cent (Boreas
Passat) to 59 per cent in the noritic tholeiite of Johnsbrotet. 

V on Brunn (1963) stressed that the outcrops he investi
gated constitute only parts of sills, the greater volumes 
being concealed beneath the snow and ice. Thus differen
tiation probably played a larger role than the evidence 
indicates. This was borne out by subsequent investigations 
to the south where thick sills are well exposed. 

(b) Sills of the central Ahlmannryggen - a differentiated mafic 
sill occupies extensive areas around Grunehogna. The sill, 
which was estimated to be more than 200 m thick , is best 
exposed at Kullen peak. According to Aucamp (1972) the 
lower part is a medium-grained dolerite grading upwards 
into a coarse-grained diorite, which is locally granophyric 
near the top. The differentiation is exceptionally well 
developed in the northern cliff faces at KuJien and at Peak 
1390 where rhythmic layering was observed and multiple 
intrusion possibly also occurred. 

Bodies of reddish-brown syenitic rock up to 30 m across 
occur in the upper part of the Grunehogna sill. There is no 
definite contact between them and the surrounding diorite. 
Aucamp (1972) regarded them provisionaJiy as resulting 
from the assimilation of sediments. At severaJ localities 
part of the sill branches off into the roofing sediments, 
continuing upwards at ever-increasing angles to form 
dykes. 

Some 300 m of mafic rocks, which are exposed in a sill at 
Jekselen, were described by Bredell (1976). The bottom 
and greater part of this sill is composed of coarse to 
medium-grained rock, which shows banding due to 
variations in composition. The lighter coloured bands are 
granodioritic and range from about 15 cm to a few metres 
in thickness. The most common constituent is subhedral 
plagioclase (andesine), which generally forms ophitic and 
subophitic textures with clinopyroxene. Quartz occurs 
mainly as micrographic intergrowths with alkali feldspar in 
euhedral to subhedral grains of orthoclase perthite, but 
locally aJso as smaJJ clusters showing undulose extinction. 
The malic minerals are clinopyroxene, orthopyroxene and 
hornblende. The darker coloured bands are quartz 
monzodioritic and have sharp contacts with the lighter 
coloured bands, from which they differ in containing a 
larger proportion of malic mineraJs. Most of the feldspars 
are extremely saussuritized and some of the pyroxene 
grains are partially aJtered to hornblende, uralite and taJc. 

Higher up in the Jekselen sill the rocks become fine 
grained and porphyritic. with bladed crystaJs of pigeonite 
appearing in increasing quantities up to about 30volume per 
cent. The Lower part of this zone has a quartz-monzo
dioriticcom position and contains porphyritic pigeonite. 8 to 
I 0 mm long, whereas the upper part is quartz dioritic and 
has smaller pigeonite crystaJs, 2 to 4 mm long. Unlike the 
lower. coarser grained part of the sill, this fine-grained, 
porphyritic part does not contain orthopyroxene or 
amphibole. Still higher up, in the upper part of the sill, the 
porphyritic pigeonite crystals gradually disappear while 
small spheroidal quartz amygdales, 1 to 8 mm in diameter, 
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Table4 
Modal analyses (volume per cent) of the Borgmassivet Intrusives at Jekselen (after Bredell1976) 

Approximate distance 
above bottom of siU Quartz Alkali Plagioclase 
(metres) feldspar 

300 6,3 0,0 48,9 
250 9.1 0.0 46,7 
210 4,4 0,0 35 ,4 
180 7,2 4,4 40,4 
140 9,0 10,3 40,0 
110 9,7 9,8 35,4 
80 27,2 12,5 33,6 
20 10,7 9,7 33,6 

start appearing. The composition is, however, still quartz 
dioritic. At the contact with the overlying sediments of the 
Jekselen Formation, the amygdales are up to 70 mm in 
diameter and filled with calcite. Here the matrix is aphanitic 
and dark grayish-green in colour. Modal analyses of the 
rocks ofthe sill at Jekselen are given in Table 4. 

(c) Sills. of the north-eastern Borgmassivet- the 150 m-thick 
sill occurring at Nashornet and Viddalskollen is, save for a 
2 to 3 m-thick basal chill zone, medium-grained and 
markedly differentiated. Modal analyses by Bredell (1973) 
on five samples taken at 30 m intervals from bottom to top 
are given in Table 5. The lower 10 to 15 m is ultramafic 
(olivine-gabbroic) containing up to about 36 per cent 
olivine, mainly as oval to roundish crystals poikilitically 
enclosed in large diallage plates. The associated 
plagioclase is so saussuritized that its composition could not 
be determined. The other minerals are brown hornblende, 
epidote and chlorite. Above 30 m, olivine completely 
disappears and small quantities of quartz are present in the 
rock, which ranges in composition from quartz-gabbroic to 
dioritic. The hornblende is the green pleochroic variety. 
Above 120 m, the sill is highly siliceous (syeno-granitic) . 
Most of the quartz occurs as granophyric intergrowths with 
alkaline feldspar. The ferromagnesians in this zone are 
hornblende and diopside. The uppermost 15 m is, how
ever, more rnafic than the immediately underlying zone 
and consists of hornblende needles in a matrix of epidote, 
chlorite, muscovite, quartz and altered feldspar. 

TableS 
Modal analyses (volume per cent) of the Borgmassivet Intrusives 

at Nashornet and Viddalskollen (after Bredel11976) 

Approximate distance 
from bottom contact 10 30 80 120 140 
of sill (metres) 

Olivine 35,7 nil nil nil nil 
Clinopyroxene 35,4 34,4 20,4 1,0 6,7 
Amphibole 6,2 27,0 17 ,5 6,8 40,6 
Plagioclase 17,4 7,6 26,4 14,1 18.6 
Alkali feldspar n.il nil nil 26,2 6,1 
Quartz nil 16,0 12,2 37,8 13.5 
Opaque minerals 2,8 1,0 7,2 0,6 nil 
Matrix 2,5 14,0 16,3 13,5 14,5 

ASSOCIATED SUITES 

Robertskollen Suite 
Definition - the Robertskollen suite comprise-s ultramafic 
rocks of peridotitic composition which occur with a sharp 

Ortho- Clino- Amphibole Opaque Matrix 
pyroxene pyroxene 

0,0 21.3 0.0 0,0 23,5 
0,0 20,6 0,0 0,0 23,6 
0,0 34.4 0,0 1,7 24,1 
0,0 32,1 0,0 5,7 10,2 
0,0 26,2 0,0 0,0 14,5 
0,0 23,7 0,0 3,8 17,6 
2,1 8,1 1,3 3,3 11.9 
3,5 16,8 5,8 5,3 14,5 

contact, but no chilled borders, beneath dolerite of the 
Borgmassivet Intrusives at Robertskollen. 

Distribution- the peridotite is exposed in two nunataks, .some 
3 km apart, which form part o.f the Robertskollen group of 
nunataks on the north-western end of the Ahlmannryggen. 

Roots (1969) also reported distinctive dykes of altered mafic 
or ultramafic composition cutting the Borgmassivet Intrusives 
at Krylen and Knotten. They have sharp serpentinized contacts 
and are similar to the Robertskollen peridotite. 

Petrography*- modal analyses show that pyroxene and olivine 
are the most important constituents and that plagioclase makes 
up only a tenth of the volume of the rock. 

The pyroxene is predominantly bronzite (Of15); the crystals 
range from anhedral granules 0 ,2 mm in diameter to elongated 
plates exceeding 2 mm in lenth. Augite (Ca44M~9Fe1) is 
subordinate but platy crystals up to 4 mm across occur. The 
olivine (Fs14 , i.e. chrysolite) occurs as round or ovaJ grains 
ranging from less than 0,1 nun to 1,5 mm in diameter- the 
average being somewhat less than 0,5 mm. Many occur in the 
plagioclase where they may be extremely numerous. The 
distribution is, however, uneven and a high proportion is 
commonly enclosed by pyroxene, giving the rock a poikilitic 
texture. Plagioclase (An52 to An58)occurs both in interstices 
and in large, optically continuous units. It forms oikocrysts 
enclosing chadocrysts of both olivine and pyroxene. Biotite 
(B1 ,621) forms large discontinuous shreds interstitial to olivine 
and pyroxene. Primary iron ore is granular and some forms tiny 
octahedra. 

Serpentinization is localized and the majority of the olivine 
crystals have not been affected. Where they have, granules of 
iron ore have been released. Magnetite, a common alteration 
product, occurs in cross-cutting fractures of olivine crystals. 
Greenish veins of serpentine which commonly contain pseudo
morphs after olivine, traverse the peridotite. A 40 mm-wide 
tremolite vein is probably indicative oflate stage hydrothermal 
processes. 

· Nils Jorgennutane Suite 

Defin.itioo - felsic rocks, ranging ·in composition from 
syenodiorite and syenite to granodiorite, that occur as plugs, 
dykes, irregular bodies and veins in the Borgmassivet 
Intrusives and the sediments of the Ahlmannryggen Group 
constitute the Nils Jorgennutane suite. 

*Data from V on Brunn (1963) 
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Distribution - the type locality is at Nils Jorgennutane. 
Excellent exposures also occur at especially Orunehogna Peak 
1390, with other occurrences throughout the Ahlmannryggen 
such as at Ovenuten, Flarjuven, Viddalskollen, Kjolrabbane 
and Snohetta. 

Mode of occurrence - at Nils Jorgennutane, a plug of 
syenodiorite occurs at the eastern extremity of the nunatak 
group. The rock. which is reddish-brown, massive and medium 
grained, displays irregular ferromagnesian-enriched schlieren
like bodies locally vaguely parallel. The contact with the 
intruded sill is largely covered by scree and snow, but Neethling 
(1964) noted numerous cross-cutting veinlets of syenodioritic 
and syenitic composition. 

On the south-east side of Peak 1285 at Grunehogna (Fig. 41), 
granodiorite intruded along the contact between a mafic sill 
some 200 m thick and sediments of the Hogfonna Formation 
(Bredell 1976). It forms a striking reddish-orange band some 
3 m thick. The granodiorite contains many partly granitized 
sedimentary inclusions, oval to lenticular in shape and up to 
40 cm along. Most of them are orientated parallel to the 
intruded sediments, but some have been rotated. Immediately 
to the east of Peak 1390 an irregular sheet-like body of 
granodiorite also follows the upper contact of the sill. It 
contains xenoliths of mafic rocks from the sill as well as of 
sediments. Immediately below it, in the sill, there. is an 
irregular body of granodiorite measuring some 5 m by 5 m. It 
contains many sedimentary xenoliths, all of which have been 
rotated, some through as much as 90°. 

Aucamp (1972) reported that the sediments, up to 55 m 
above the granodiorite intrusions at Peak 1285, are riddled 
with small granodioritic veinlets. They usually cut across the 
bedding-planes, but often spread laterally into strata 
containing more feldspar, creating the impression that the 
feldspar-rich layers were more susceptible to recrystallization 
than the rest. He considered that the veins may have been 
isolated recrystallization centres during a period of 
metasomatism. 

In the central part of Grunehognna a 300 m-wide body of 
granodiorite cuts through the mafic sill and into the capping 
sediments. Aucamp (1972) noted that the sediments are folded 
and overfolded as a result of their downwedging by the 
intruding granodiorite and assimilation of both sediments and 
the mafic rocks of the sill was noted. 

GEOCHEMISTRY OF THE 
BORGMASSIVET INTRUSIVES 
According to Neethling (1972c) the Borgmassivet Intrusives 
are mainly quartz-normative tholeiites, appreciably more acid 
than the compositional range. of tbe majority of both 
continental and oceanic basalts. From a study of their 
geochemistry he concluded that they exhibit two significantly 
distinct differentiation trends. 

Trend 1 is a crystallization series marked by an increase in 
silicon, potassium and titanium and a concomitant decrease in 
ferrous iron, during its middle and late stages. It is represented 
by the more differentiated intrusions characterized by late
stage granophyre and by rheomorph.ic phenomena. The HzO+ 
content and the Fe20 3:Fe0 ratio probably increased during 
fractionation , while oxygen partial pressure (PO!) probably 
remained fairly constant or slowly decreased to yield late-stage 
silica-rich differentiates. 

Trend 11 is a crystallization series defined by late-stage 
decrease in silicon and an increase in ferric iron. It is 
represented by the more massive intrusions which are 
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relatively undifferentiated, with chilled contacts. The H20+ 
content probably decreased during fractionation. Continuous 
iron enrichment and relative depletion of silica under 
conditions of decreasing P02 and H20 + content, which typify 
this trend, are considered more characteristic of the 
fractionation of basaltic magma in non-orogenic regions. 

Trace-element data reveal impoverishment of elements like 
Cr, Ni and Co during e.arly-stage fractionation , middle-stage 
enrichment of Sr, Ga , V and Se and late stage-enrichment of U, 
Th, Ba, Rb and Zr. 

The K: Rb ratios average quite closely to that determined for 
crusta! rocks. The ratios show relatively Little dispersion and 
appear to decrease with increase inK, which maybe due mainly 
to Rb enrichment in the late-stage differentiates. Relatively 
constant Th:K and slightly decreasing U:K ratios appear to 
characterize the intrusions showing the iron-enrichment trend. 
This is in agreement with differentiation in a closed system with 
respect to oxygen and hence decreasing Po2 (Heier eta/. 1965). 
A slight but definite increase in the U:K ratio of intrusions 
displaying the silica-enrichment trend may indicate either 
increasing oxidising conditions, or could bed ue to an increase in 
K content as a result of local contamination. 

MAFIC AND ULTRAMAFIC DYKES 
Definition - mafic and rare ultramafic dykes have intruded the 
rocks of the Ritscherflya Supergroup, as well as the Borg
massivet lntrusives, throughout the Ahlmannryggen and 
Borgmassivet. The dykes, which range in width from 30 cm to 
30 m, generally dip at high angles and have probably intruded 
along pre-existing faults or along joints and fractures. The 
dykes are usually fine grained, with chilled margins and are 
mainly doleritic or olivine-doleritic in composition , but 
pyroxenitic dykes have also been · described. They are 
considered to be T riassic to Jurassic in age. 

Lithology and mode of occurrence - according to Watters 
(1972) two types of dykes cut the volcanics of the 
Straumsnutane Formation. Those of the fi.rst type, which 
average 1 m and never exceed 2 m in width, are very fine 
grained and basaltic in texture; they invariably exhibit well
developed columnar jointing at right angles to their margins. 
They all contain olivine phenocrysts, up to 6 mm long. Those of 
the other set are wider, ranging from 2 to 14 m and are fine to 
medium grained with a doleritic texture. They commonly 
display small apophyses and rounded projections into the 
country rocks. Due to their pronounced jointing the thinner 
dykes disintegrate, resulting in decidedly negative erosional 
features. The thkker ones, which are dark gray when fresh , 
weather to a distinctive bright red-brown as compared to the 
dark brown that develops on the thin, black dykes. 

Olivine-dolerite dykes are relatively common in the 
Ahlmannryggen and Borgrnassivet area. They-are not ve_ry 
persistent and in the Grunehogna area Aucamp (1972) noted 
that they CQmmonly occur in groups of two or t~ree. They are 
fine to medium grained and contain abundant phenocrysts of 
olivine. 

Black, basaltic dykes and veins described by Von Brunn 
(1963) from Johnsbrotet, Valken and Krylen in the northern 
Ah.lmannryggen may well also be of the same age. They range 
up to 2 m in width and, unlike the dykes previously noted, 
range in attitude from steeply dipping to gently inclined. The 
narrower veins follow rather "jagged" upward courses 
contrasting with the linearity of the wider injections. All have 
chilled margins. 

The veins consist of a black, glassy matrix in which are set 
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Fig. 41 Intrusive granodorite at Grunehogna (after Bredell1976). 
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small augite and plagioclase (calcic labradorite) crystals. They 
have a vitrophyric texture. The plagioclase consists of micro lites 
and needle-like laths and occasional broad plates 1,5 mm long. 
At the contacts with the country rock, thesizeoftheplagioclase 
is reduced and minute oeedJe.s tend to be orientated parallel 
to the contacts, where there is often evidence of marginal 
brecciation of the host. 

The dykes are coarser. indicative of slower cooling and some 
have an intergranular texture. The groundmass in a Johns
brotet dyke is dark brown and contains microlites of plagio
clase and minute granules, probably of pyroxene. The plagio
clase grades into laths with an average length of 0,5 mm and 
also occurs as squat phenocrysts measuring 1,5 x 2.0 mm, 
which show progressive zoning. Aggregates of small augite 
grains enclose or may be penetrated by plagioclase laths. [ron 
ore occurs as minute, fine skeletal crystallites. 

The dykes and veins at Krylen and Valken are notable for 
containing phenocrystsof o livine (chrysolite) aswellas bronzite 
(Of1&) . glomerophyric augite.and pl<lgiod ase. The groundmass 
may contain grains or shafts of feathery pyroxene; rodlets, 
granules and skeletal crystallites of ore; microlites, laths or sub
radiating crystals of plagioclase and olivine or pseudomorphs 
after olivine. t 
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METAMORPIDSM OF THE 
PLATFORM DEPOSITS 

REGIONAL METAMORPIDSM 
The platform deposits have been subjected to only low-grade 
metamorphism, marked by the development of chlorite, 
epidote and sericite. and minor recrystallization and 
silicification. Biotite is either absent or present in insignificant 
amounts. Sericite is a relatively minor constituent of the 
quartzites, but is a fairly important one of the mudstones. The 
chlorite and epidote give greenish tints to many of the rocks. 

De Ridder (1970) concluded that during or after diagenesis, 
or during the early stages of metamorphism, authigenic silica 
and calcite were deposited in the sediments. Reactions 
between the calcite and original kaolin and feldspars resulted 
in the formation of epidote. His point-count analyses show the 
change in composition perpendicular to the bedding across the 
thin, strongly epidotized fine-grained borders of a coarse
grained lamina and the variation in composition across the 
contact o f a normally epidotized arkose and an epidote-quartz 
sediment. The degree of epidotization depended on the 
availability of calcite. 

Recrystallization has partially obliterated the outlines of 
many of the quartz grains and has also affected pebbles in 
conglomerates. 

In general. the rocks fall in the muscovite-chlorite subfacies 
of the greenschist facies of regional metamorphism. At 
Pyramiden the metamorphism was somewhat more intense, as 
is shown by the presence of small needles of actinolite and some 
biotite in the sediments. Here the degree of metamorphism was 
regarded as being quartz-albite-epidote-biotite subfacies 
(Neethling et al. 1968). 

CONTACT METAMORPHISM 
The Borgmassivet Intrusives have altered the platform 
sediments along their contacts. 

Where the Pyramiden Formation is in contact with the lower 
part of the 150 m-thick intrusive sill at Nashomkalvane, 
Bredell (1973) noted a definite zone of metamorphism. For a 
distance of about 2 m from the contact the siltstones have been 
altered to black slate exhibiting a well-developed cleavage and, 
locally, to dark green phyllite with a silky lustre often 
exhibiting undulating schistosity. Well-developed pyrite 
crystals up to 2 mm in diameter occur in the phyiiite. Quartz 
veins up to 0,3 m wide are abundant in the metamorphic zone, 
being usually found along bedding-planes in the slate. No signs 
of metamorphism are, however, noticeable in the graywackes 
even where they are in direct contact with the sill. + 
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METAMORPHIC AND ASSOCIATED 
METAMORPHOSED INTRUSIVE 

ROCKS OF THE KIRW ANVEGGEN 
(Contributed by R.C. Wallace)* 

SVERDRUPFJELLA GROUP 
The metamorphic rocks of the Kirwanveggen are part of the 
SverdrupfjeUa Group (Roots 1969) and are a well-stratified 
suite that consists predominantly of leucogneisses, garnet
biotite plagiogneisses, amphibolites and hornblende plagio
gneisses (Gavshon & Erasmus 1975). Calc-silicate rocks are 
minor and one example of a magnesian gneiss is described. 
Within the suite there are minor granitic pegmatites and augen 
gneisses and, in restricted areas, the rocks are migmatized. 
Igneous rocks are present as pre- or syn-metamorphic plutonic 
bodies of gabbro and charnockite that have been more or less 
metamorphosed, and post-metamorphic dykes. Large areas of 
diaphthorites and cataclasites are common, especially from 
localities adjacent to the Pencksokket (Ravich & Soloviev 
1969). The distribution of these rock types, except the 
diapbthorite and cataclasites which were not mapped 
separately, is shown in Figs. 42 to 47. 

Leucogneisses 
Lithology - the metamorphites of the Kirwanveggen are 
dominated by leucogneisses (Fig. 48) in which at least half the 
feldspars are microcline and which usually contain less than 15 
per cent ferromagnesian minerals. They occur either in a 
massive form or as thinner units interlayered with garnet-

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

biotite-plagiogneiss. Their grain size ranges up to three 
millimetres. Mineralogically they are variable (Table 6) from 
quartzofeldspathic gneisses with an inequigranular texture and 
interlobate grain-boundary relationships (Moore 1970) to 
gneisses richer in garnet and biotite which have a lepidoblastic 
texture. The foliation on the quartzofeldspathic gneisses is 
outlined by the localized development of flaser r ibbons, while 
in the more mafic units· the parallel alignment of the biotite 
grains and segregation into biotite-garnet and microcline-rich 
lamellae impart a foliation to the rock. 

Mineralogy 
Microcline - forms xenomorphs that range from 0, l mm to 3 mm in diameter, 
but porphyroblasts up to 10 mm across also occur. The grain size is commonly 
bimodal with larger grains set in a finer matrix of quartz-microdine and 
occasional finer plagioclase. Most of the grains contain cryptoperthites but in 
some cases the exsolution is coarser resulting in string or thread perthite. 

P/agioclase - forms xenomorphic grains that are usually smaller than the 
microcline and tend to be interstitial to quartz and microcline. Twinning is 
relatively uncommon so that the anorthite content could be determined only with 
difficulty. The measurements indicate a range of An0 to An:w~. The gra.ins 
commonly have a scatlcring of finely-divided , unidentified dusty material but, 
wbere tbe plagioclase is in contact witb microcline. a secondary outer zone of 

Table6 
Modal analyses (volume per cent) of leucogneisses from the 

Kirwanveggen 

Field 
number 

NC27 
BAN4 
NE21 
AR 1/2J 
HE80 

Locality 
number Quartz 

19 33 
34 42 
10 42 
36 20 
62 42 

Micro- Plagio- Musco-
cline clase Biotite vite 

25 27 9 6 
15 42 1 tr 
38 20 tr tr 
51 15 13 1 
39 18 tr I 

*Field work done by R.D.J. Gavshon, J.M. Erasmus, R.G. Heard and G.P. 1200 points counted for each sample. Localities are shown in Figs. 
Meineke. 43 and 45. tr =Trace. 
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Fig. 42 Distribution of the Svcrdrupfjella Group and associated rocks. The rectangles indicate the coverage of Figs 43-47. 
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Fig. 43 Geological map of the Neumayerskarvet and Armalsryggen area (after Gavshon and Erasmus 1975). 

c;: 
Gl 
0> 
:::J 

"' Gl c;: 

'Zi e 
,9 
E 
:5 
-~ 

~ ., 
.'!J. 
Gl c;: 

§' 
:> 
Gl 
...J 

-~ 
"8 & "' "' "' 0 0 

"' !!? 
"' ~ ~ 0> 

"' "' E "' ~ 0> ·cu c: E 0> 0> 

"' ui 
alc:9- u; 
-~.Q ~ :.c 

0 

-~ ~ "' !!?&.~ ui 
EE4> Gl 

"' ~0:'2 "' (ijO{f) 'ii) ., o.,a. c 
'5 :0 .Q 0> 

"0 <UmV 0> s;:.'i::-
iil<ll .,.,0> 

0~~ ~ -~· 
~Q; 'i" ~:g 
o E ~ .!!?·-·a e <a~~ a Glx :> g"8E cot 
a: 0> 0 -=> "' 

U) 
w 
U) 0 
~ w 

~ ~ 5 w 
::::; a: 
ii5 ~ 
0 u. 
...J i5 
<( z 
(,) :::> 

N 

55 



56 

dust-free plagioclase forms a rim tnat has a lower refractive index. than the core. 
Highly variable antipertbitic textures are common and rod, ribbon or patch 
antipertbites that range from submicroscopic to 0,05 mm wide occur. The coarser 
patch· type antiperthites have gridiron twinning similar to microcline. 

Biotite - forms red-brown to brown flakes commonly containin'g sagenitic 
rutile which , in places, are partially replaced by green chlorite. The biotite is 
segregated into lamellae that are richer in ferromagnesian minerals and, when 
garnet occurs in these lamellae, the biotite is "bowed om" ahout the garnet. 

Muscovite - although muscovite is only a minor constituent and occurs in 
relatively few samples, it can be characterized into two modes of occurrence 
primary and secondary, The first, which parallels the foliation , forms large 
(1 ,5 mm diameter) xenomorphic flakes interstitial to quartz and feldspar, while 
the second forms randomly orientated anastomising stringers, or sericite. 

Accessory mmerals - garnet is a trace constituent and forms pink grains that 
are highly variable in shape and size, and which occur pre.ferentially in the biotite· 
rich lamellae. The hornblende is a green to brown-green variety, although in one 
case it has deve.loped blue-green rims. The opaque minerals are predominantly 
ilmenite and magnetite but minor amounts of pyrite occur. The pyrite grains 
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usually have a rim of hmonite. Apatite , calcite and euhedral zucon. which 
commonly has a darker xenomorphic core , are common accessories and one 
sample contains tourmali ne. Allanite, which is an ubiquitous accessory. 
commonly has a pleochroic halo where it contacts biotite and in the south· 
western Kirwanveggen it often contains an overgrowth of epidote. As well as 
forming rims abour the allanite, epidote also occurs as discrete xenomorphic 
grains or fine, subhedral , tabular grains in altered plagioclase. The occurrence of 
epidote is restricted to rocks from the south-western Kirwanveggen (Fig. 42). 
Sphene forms as small cquant grains about opaques or as single pink rhombs. 
Graphite is a trace constituent. 

Garnet-biotite plagiogneisses 

Lithology -together with the leucogneisses, these rocks form 
the greatest proportion of the metamorphites cropping out 
along the Kirwanveggen. They are uniformly distributed 
throughout the region and are represented by well-banded 

Table7 
Modal analyses (volume per cent) of garnet-biotite plagiogneisses from the Kirwanveggen 

Field Locality Plagio- Horn- Micro-
number number Quartz clase blende Biotite Garnet Spbene cline Kyanite Graphite 

NC37 21 32 21 3 4 38 2 
NC28G 20 8 19 1 50 10 9 3 
NC24G 18 27 38 2 22 10 1 
NW24J 29 42 31 27 
NWlG 22 20 26 34 19 
AR3/2J 42 24 27 6 31 8 3 
AR2J 39 32 39 15 tr 11 
HS44 56 30 37 22 
HS24 53 30 18 36 3 
HS33 54 37 30 17 1 

1 000 Points counted for each sample. Localities shown in Figs. 43 and 44. tr =Trace. 
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Fig. 44 Geological map of Hallgrenskarvct and surrounding nunataks (after Heard 1976(b). for legend see Fig. 43). 
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rocks consistmg of garnet-biotite-homblende-rich and 
plagioclase-rich units (Fig. 49), with a prominent foliation. The 
broader units of gamet-biotite plagiogneiss commonly contain 
thin units of leucogneiss and/or amphibolite (Fig. 50). The 
rocks are dominated by quartz, plagioclase,.biotite, garnet and 
hornblende (Table 7), that range up to 5 mm in diameter but 
are commonly approximately 1,5 mm and which form an 
inequigranular lepidoblastic textu.re with interlobate boundary 
relationships (Moore 1970). In some instances the foliation is 
not prominent and the rocks have an inequigranular polygonal 
texture. 

Mineralogy 
Plagiodase- associated with quartz and more rarely microcline or epidote, in 
pronounced leucocratic segregations that alternate with biotite laminae. The 
grains are xenoblastic and up to one millimetre in diameter, but large 
porphyroblasts of up to 8 mm occur. In some ca~es the grain size is distinctly 
bimodal. The larger porphyroblasts have biotite deflected about them and have 
pressure shadows of fine quartz and plagioclase. Optical zoning is particularly 
prominent where grains of microcline are in contact with plagioclase. As with tbe 
plagioclases from the leucogndsses, the plagioclase often contains coarser patch· 
type antipertbites which are rnosr common where the plagioclase coexists with 
microcline, but are not eltclusive to this association. The coarser antiperthites 
often have mieroclinc-type twinning. Optical determination of the plagioclase 
composition indicates a great variation from Ano-.o- In general , sample.~ from 
Armalsryggen and Neumayerskarvet (Fig. 43) tend to have a higher anorthite 
content (An,_,.,) than those from the south-west , which are mostly albite judging 
from their low refractive indexes, although some from the south-west have 
compositions as high as An30• Electron microprobe analyses on the plagioclase 
indicate compositions of Anu-38 (Table 8). 
· Biotite- forms tabular subidioblastic grains up to 2 mm long that are parallel 
to the foliation and which are associated with other ferromagnesian phases in 
melanocratic lamellae. The pleochroism is usually in shades of brown, but some 
samples contain green biotite. fine inclusions o{ zircon and, in some cases, 
allanite have produced pleochroic haloes. Sagenitic rutile is common, as are fine 
blades of ilmenite along the biotite cleavage or at biotitelbiotite boundaries, 
It is evident that growth of biotite occurred during several episodes of 
deformation. Biotite grains occur as orientated inclusions in garnet and feldspar 
porphyroblasts. They occur parallel to the foliation draped around 
porphyroblasts and are commonly traversed by fine kink bands. 'The biotites are 
relatively rich in the annite and pblogopite components (Table 9). 
' Garnet- the modal content of garnet is highly variable. Grains are pale pink 
and vary from idioblastic to subidioblastic in habit and in some cases Very large 
glomeroblasts, greater than 20 mm in diameter, have forrned. The garoets, which 
are up to 8mm in diameter, are usually coarser grained lhan the other minerals in 
a sample and commonly form trails parallel to the foliation. Usually the larger 
grains poikiloblastically enclose plagioclase, opaques, biotite and hornblende. 
This produces straight or spiralled trails which are usually confined to the cores of 
grains. The cores are surrounded by rims which are free of inclusions. A similar 
feature of at least two stages of garnet growth is exhibited by one sample, in which 

Bleset 

Fig. 46 Geological map of Enden and surrounding nunataks (after Heard 1976(b), f<>r legend see Fig. 43). 
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TableS 
Electron microprobe analyses (weight per cent) of plagioclase in 

samples from the Neumayerskarvet region 

Calc-silicate Garnet-biotite Hornblende 
rock plagiogneisses plagiogneiss 

Field No. 50 NW23G AN6G NE3G 
Locality No. 1 28 30 6 
CaO 6,74 5,31 7,08 7,71 
Na10 7.18 8,23 6.31 6,53 
KzO 0,35 0.25 0,34 0,34 

Atoms 
percent 
Ca 33 26 38 39 
Na 65 72 60 59 
K 2 2 2 2 

Localities shown in Fig. 43. 

Table9 
Electron microprobe analyses (weight per cent) of biotite in 

gneisses, Neumayerskarvet region 

Garnet-biotite plagiogneisses Hornblende 
plagiogneisses 

Field No. NW23G AN6G NE3G 
SiOz 36,14 35,83 35,89 
Ah03 18,26 15,22 15,72 
Ti02 2,05 4,02 3,52 
M gO 9,90 8,65 12,41 
feO 20,41 20,44 18,66 
MnO 0,39 0,31 0,49 
CaO 0,06 0,08 0,06 
NazO 0,13 0,13 0,07 
KzO 7,74 9.40 9,84 

95,08 94,08 96,66 

Structural formulae calculated on the basis o(22 oxygens. 

Si 
AI 
Ti 
Mg 
Fe 
Mn 
Ca 
Na 
K 

5,488 
3,263 
0,234 
2,240 
2,592 
0,050 
0,009 
0,038 
1,499 

5,587 
2,797 
0,471 
2,010 
2,666 
0,041 
0,013 
0,039 
1,870 

Total iron as FeO. Localities shown in Fig. 43. 

5,416 
2,796 
0,399 
2,791 
2,355 
0,063 
0,010 
0,020 
1,894 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

optical zoning from a darker pink core to a lighter pink rim is evident. This 
zoning, which is common in garnets from metamorphic terrains (e.g. Cooper 
1972), probably reflects a higher concentration of manganese and/or ca.lcium -in 
the cores. Chemica.l data (Table 10) show that the garnets are relatively 
a1mandine rich. 

Homblende - is either absent or minor and occurs in the melanocrat.ic laminae 
as brown-green to green subidioblastic grains up to 3 mm lofig. Prismatic grains 
are usually aligned parallel to tile foliation, but where grains are oblique the 
biotite flakes are "bowed out" around them. 

Kya11ite - occurs in a restricted area of central Neumayerskarvet. It forms 
large (15 x3 mm) needles parallel to the foliation. It coexistswithquartz, garnet. 
biotite, plagioclase and graphite Y.ith a lcpidoblastic texture. Minor sillimanite 
(fibrolite) occurs in the same samples. 

SiJJinumite (fibrolite) - has been identified from central Neumayerskarvet. 1t 
occurs as sheaves of fine needles adjacem to biotite or as fine needles along the 
biotite cleavage. 

Epidore - only forms a significant component in !he samples from the 
nunatali:s south-west of Armalsryggen (Fig. 42). It occurs either as large 
(0,5 mm). equant. subidioblastic primary ~rains that form trails parallel to the 
foliation, or as secondary prismatic grains (0,5 mm long) closely associated with 
alteration in plagioclase. The primary grains are pale yellow and commonly have 
dark cores (allanite ?). 

Fig. 48 Typical light-coloured leucogneiss with minor biotite-rich 
darker bands and localized parasitic folding. The cliff is approxi
mately 8 m high. 

Fig. 47 Geological map ofSkappelnabben and Sk>ret (after Heard 1976(b), for legend see fig. 43). 
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Fig. 49 Highiy contorted garnet-biotite plagiogneiss with inter
laminated quartz-feldspar and hornblende-biotite-rich units. 

Fig. 51 An ellipsoidal remnant of a boudinaged c.alc-silicate 
band. 

Accessory minerals - include sphene. which [orms pinkish rhombs or 
glomeroblasts about opaques: zircon and allanite , which are surrounded by 
pleochroic haloes when they occur in biotite; graphite. which forms deformed 
xenoblastic flakes. and sericite . The opaque minerals include magnetite. 
ilmenite and pyrite . 

Amphibolites and Hornblende Plagiogneisses 

Fig. 50 Vorrtind. north-east ofNeumayerskarvet, showing inter
laminated leucogneiss and garnet-biotite plagiogneiss. Note the 
small vertical fault in the lower melanocratic band immediately 
above the scree (centre), and the minor overthrusting in the leuco
cratic unit (upper right) . 

Lithology - the amphibolites and hornblende plagiogneisses 
are less abundant than the leucocratic gneisses but, 
nevertheless, constitute an important part of the suite. They 
form units, which vary from a metre wide to some ten!> of 
metres. The. thinner units are intimately interbedded with the 
more leucocratic gneisses. while the thicker units are usually 
more massive. The units are parallel to the foliation and appear 
to be continuous, although minor tensing effects are locally 
quite common. The hornblende plagiogneisses and amphi
bolites have a variable grain size up to 3 mm diameter and a 
variable mineralogy (Table 11), which is dominated by horn-

Table 10 
Electron microprobe analyses (weight per cent) of garnet from Neumayerskarvet 

Field No. 
Locality No. 
SiOz 
Al70 3 

TiOz 
MgO 
FeO 
M nO 
CaO 

Calc-silicate rock 

50 
I 

39,15 
21,09 
0.18 
1.76 

19,01 
0,47 

17,37 

99,03 

Structural formulae calculated on the basis of 24 oxygens 
Si 6.109 
Al 3.887 
Ti 0,021 
Mg 0,412 
Fe 2,490 
Mn 0,062 
Ca 2.910 

Total iron asFeO. Localities shown in Fig. 43. 

Hornblende 
plagiogneiss 

NE3G 
6 

39,00 
21.13 

3.44 
20,50 
4,53 

12,35 

100.95 

6,050 
3.8M 

0,795 
2.660 
0,595 
2.053 

Garnet-biotite plagiogneisses 

AN6G NW23G 
30 28 

39,75 36,77 
21 ,46 21,68 

0,11 
2,97 3,67 

26,02 30.25 
1,03 4.64 
9,87 2.42 

10],10 99.54 

6.151 5,909 
3,915 4,108 

0.013 
0,685 0.879 
3.368 4,066 
0,135 0.632 
1,637 0,417 
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blende and plagioclase in a granoblastic polygonal to 
lepidoblastic gneissic structure. The rocks are commonly 
segregated into bands up to 15 mm wide, which are rich in 
plagioclase plus epidotc or hornblende. 

MineraJogy 
Homblnuk - a green, blue-green or brown-green variety which occasionally 
baseolourless rims. Many of the samples from Neumayerslrarvet contain a brown 
variety. The hornblende forms large , elongate grains up to 3 mm in length that 
are aligned parallel to the foliatton and which usually enclose plagiodase, quartz, 
epidole and occasionally garnet , poikiloblastically. Where hornblende encloses 
garnet tbere is commonly a clear halo of quartz o r plagioclase between the garnet 
and the hornblende. 

Plagiocla.se - forms xenoblastic grains whicll are commonly frnu than the 
hornblende, but range up to I ,5 mm in diameter. Plagioclase is the major phase 
in tbe leucoeratic bands, but it is intergranular to bornblende in the melanocratic 
bands. Grains are commonly untwioned and optical zoning is observable in many 
samples. The composition of the plagiodase is variable from An10 to An~ (fable 
8) and although the variation in composition is not very systematic, there is a 
broad trend of increasing anorthitc content towards the north-east. Plagioclases 
in samples from Armalstyggen have coarse, ribbon· to braided· type 
antiperthites. 

Bi01ire (Table 9) - reaciJes major proportions in some samples b\lt generally is 
a minor constituent (Table 11 ) . lt fom1s elongate grains that are parallel to the 
foliation and although it is usually brown, in some instances it is green. Biotite 
grains commonly contain sagenitic rutile whilst many of the grains have ilmenite 
fonning along the cleavage. 

Garnet (Table 10) - forms pink subidioblastic to idioblastic porphyroblasts 
tbat commonly enclose plagioclase, hornblende, biotite and epidote 
poiltiloblastically. The gr.tin size is usually less than one millimetre but 
occasionally there are porphyroblasts up to I 0 mm across. 
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Epidou - yellow-green and usually (OflllS small subbedral stubby grains 
concentrated in the leucocratic bands. Many grains indicate two stages of growth. 
with a dad core surrounded by a tranSlucent rim. 

Accessory miMrals - include mic:rodine with patch pertbites, pale green 
xenoblastic diopside which encloses plagioclase and hornblende 
poikiloblastically, graphite. apatltc. sphcne and zircon. 

Calc-silicate rocks 
Lithology - calc-silicatc rocks are found only in 
Neumayerskarvet and Annalsryggeo, where they form 
boudinaged ellipsoidal nodules (Fig. 51) and lenses up to 100 m 
long, their long axes orientated parallel to the foliation . 
Groups of lenses can be traced for up to 2 km paraUel to the 
foliation and the bedding. The rocks, which are coarse grained 
(1 to 2 mm) , are spectacular in hand specimen due to the 
prominence of red garnet, green diopside, and in one case, 
white wollastonite (Fig. 52). A faint foliation is defined by 
elongate clusters of garnet and diopside but, in general, the 
rocks are poorly foliated . 

Mineralogy - the mineralogy of the calc-silicate rocks, which 
is highly variable (Table 12) even within the same specimen, 
has been described in detail by Wallace (1979). 

GarMt- forms pinlt idioblastic grains that often occur in large(> 20 mm) 
glomeroblasts that poik:iloblastically enclose rounded calcite blebs and 
subidioblastic diopside. Analyses of tbc garneiS (Table 10) indicate that the 
grains are uozoned butthattbey arc heterogeneous between different localities. 

Table 11 
Modal analyses (volume per cent) of some amphibolites and hornblende plagiogneisses from the Kirwanveggen 

Locality Plagioclase Hornblende Epidote Biotite Garnet Opaques 

HS 21 52 17 56 12 5 10 
HS35 55 46 26 13 10 3 
NE7G 31 23 58 tr 16 3 
NW20G 26 20 48 1 31 tr 
HE75 60 36 58 1 4 tr 
NWZ1 27 14 76 2 5 
NC18 17 31 63 3 1 2 
HS16 51 33 52 6 9 
NE20 9 41 50 tr 5 tr 
NW7 24 28 61 1 3 6 
NW6 23 43 27 tr 15 10 3 
NWl2 25 20 56 tr 2 18 
AR5/9 49 36 25 29 5 2 
AR5nG 48 29 32 2 30 3 tr 
NC16G 16 47 40 12 I 
HE64 59 4 78 18 
HE79 61 39 42 3 16 
AR213 40 30 62 8 
HE21 58 57 29 2 12 

Localities shown in Figs. 43, 44 and 45. 1 200 points counted for each sample. tr = Trace. 

Tablel2 
Modal analyses (volume per cent) of some of the caJc-silicate rock types 

Locality Quartz Diopside Epidote Calcite Plagioclasc Sphene Garnet 

AR5/1G 43 50 47 2 
NE12G 8 39 50 9 2 
SOD 5 14 28 5 20 I 8 
ARS/1 45 29 41 4 8 18 
50 A 2 34 7 3 22 6 
28 11 6 2 34 2 
50C 4 34 21 2 I 42 
NEI2G 8 37 8 6 19 2 28 
AR5/1G 44 !0 15 6 13 56 
508 3 41 29 6 1 1 
AR5fl 46 4 44 28 tr 3 2 

Localities shown in Fig. 43. l 200 points counted for each sample. tr =Trace. 

Sphene 

2 
tr 

1 
3 

tr 

1 
1 
2 
4 
3 
4 

Scapolite 

24 

26 

22 
19 

Clino
pyroxene 

tr 
tr 

3 

Vesuvianite 

56 
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Fig. 52 A smaller remnant of a calc-silicate band. The core is 
composed of garnet-rich (darker) and diopside-rich (lighter) areas. 
The white outer shell is composed of wollastonite with quartz, and 
the darker spots arc garnet and diopside. 

They are relatively rich in lhe grossular component with varying amounts of 
andradite and almandinc. 

Diopside (ferrosilite, Table 13)- a green subidioblastic variety which also 
forms large glomeroblastic masses. 

Plagioclase - xenomorpllic and forms pan of the matrix. Electron 
microprobe analyses indicate a variable composition from An35 to A!42, whilst 
some samples have plagioclases zoned from AnJ& in core to An.10 at the rim. 

Sazpolite (Me,.) - xcnoblastic and usually forms a matrix enclosing garnet and 
diopside poildloblastically . It commonly occurs as a myrmekitic-rype intcrgrowth 
with quartz. 

Ve.suvianit~ - occurs in one sample where it forms large idioblastic to 
subidioblastic prisms, up to 5 mm long. that are parallelto the foliation and set in 
a matrix of xenomorphic plagioclase and diopside. 

Wollastonlte - a major constituent in samples from one locality in 
Neumayerskarvet. The sample. whicb is very friable , is composed of acicular 
wollastonite , up to 2 mm long , which forms a polygonal matrix to garnet and 
diopside . lntergranular quartz is also present. 

Accessory minerals are quartz. calcite and epidote (Ps.,) , while sphene and 
microcline are trace constituents. 

Magnesian gneisses 
This variety of gneiss was found only at Armalsryggen. It has 
undergone extensive high-grade metamorphic/metasomatic 
recrystallization and is composed of randomly orientated 
phlogopite (1 mm), equant corroded olivine and orthopy
roxene set in a finer (0,3 mm) granular and polygonal matrix of 
green hornblende and diopside. The ortbopyroxene, which is 
corroded and highly exsolved, is surrounded by zones of fine 
(0,2 mm) diopside and fine diopside and hornblende. 
Throughout the second zone there are fine vermicules of green 
spine! (0.3 x 0,10 mm). orientated at right angles to the 
boundary of the pyroxene. Pyrite and graphite are accessories. 

Augen gneisses 
Augen gneisses occur throughout the Kirwanveggen. They are 
leucocratic and generally have gradational contacts into 
leucogneisses, garnet-biotite plagiogneisses and migmatites 
(Gavshon & Erasmus 1975, Heard 1976b). The augen are 
composed of xenoblastic microcline (20 mm x 10 mm) and 
commonly enclose fine (3 mm) xenoblastic plagioclase 
poikiloblastically. These inclusions are surrounded by 
myrmekite. The microcline contains cryptoperthites but in 
many cases the exsolution is much coarser. The augen occur in 
a fine-grained (up to 2 mm) gneiss, composed of brown bioti te, 
green hornblende, pink garnet and microcline with a typical 
lepidoblastic texture. 
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Table13 
Analys~s of a clinopyroxene from a calc-silicate lens 

Si01 
AI10 J 
Ti01 
M gO 
Feo· 
M nO 
CaO 
Na10 

Weight per cent 

49.24 
2.23 
0.1-t 
8.08 

15.69 
0.27 

22.87 
0.51 

99.03 

Structural formula 
(on the basis of 

6oxygens) 

1,982 
0.103 
0.004 
0,469 
0.512 
0,059 
0.956 
0,038 

"Total iron as FeO. Composition: Ca.sMgz..F~8 

Diaphthorites and Cataclasites 
The diaphthorites and cataclasites (Ravich & Soloviev 1969) 
contain representatives of all the metamorphic rocks described 
above. The are evenly distributed along the Kirwanveggen. 

The diaphthorites are generally not associated with faulting 
and have undergone varying degrees of metasomatic altera
tion. TypicaJiy this is manifested in the alteration of 
plagioclase, which becomes cloudy due to the formation of 
scricite and/or epidote and biotite, which alters to chloritc. 
These rocks are usually veined by calcite. In the cataclasites 
neomineralization and shearing are dominant. Neomineraliza
tion has been recognized only in rocks with a basic composition 
and these contain abundant tremolite needles and anthophyl
lite with biotite, calcite and graphite associated in a typical 
nematoblastic texture. 1n the south-west shearing and 
granulation are dominant and here the gneisses contain 
rounded quartz and feldspar in a mortar of quartz, biotite and 
epidote, which forms a typical flaser structure (Moore 1970). 

THE BASIC MET A-INTRUSIVE SUITE 
Synmetamorphic charnockites, granulites, gabbros and 
dolerites which are intruded into the Sverdrupfjella Group 
constitute the basic meta-intrusive suite. 

Charnockites 
At the eastern end of Neumayerskarvet, rocks described as 
quartz moozodiorites by Gavshon and Erasmus (1975), crop 
out and are included under the category of charnockites. 
Relationships with the surrounding leucogneisses and augen 
gneisses are not well documented but, in general, the contacts 
appear to be gradational. Altered mafic xenoliths have been 
observed in the chamockites. 

Lithology - the charnockites are dark greenish-brown in 
hand specimen and are composed of large porphyroblasts of 
orthoclase in a finer grained matrix consisting of plagioclase 
and quartz (Table 14) with lesser amounts of fine (0,5 mm). 
brown biotite , garnet and hornblende. Coarse orthopyroxenc, 
clinopyroxene and ilmenite are minor constituents and traces 
of zircon are present. The ferromagnesian minerals are 
concentrated along the ortboclase-plagioclase grain 
boundaries and regular zoning about the pyroxene is apparent. 
The zoning is manifested by a central pyroxene surrounded by 
zones of hornblende, then garnet and an outer rim of quartz. 
Occasionally a secondary fine clinopyroxene is found in the 
hornblende-rich zone. The hornblende, garnet and fine 
clinopyroxene are interpreted as the products of reaction 
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Table 14 
Modal analyses (volume per cent) of meta gabbros and chamockites from the Kirwanveggen 

llorn- Clino- Ortho- Potassium 
Locality Plagioclase blende pyTOxene Biotite Garnet pyroxene llmenite Quartz feldspar 

HS53A 57 47 28 3 14 tr 3 5 
AR 2/5J 41 39 51 3 5 1 
DSC 12 ~2 22 ~ I! 8 3 9 
DID 13 35 8 14 l b 12 7 8 
BANlJ 32 48 21 3 6 13 9 
AR5/11J 50 31 7 l2 21 9 9 11 
BAN2J 33 25 4-1 9 1 16 2 3 
NCSJ* 14 42 2 3 4 lr 3 u 20 26 
AR1/5J 38 45 30 9 I 5 tr 10 
AN70 31 31 19 13 7 17 -1 9 
NC7P 15 27 1 2 7 5 2 1 16 38 
BAN8J 35 26 24 11 8 16 3 3 9 
AR5/5J 47 32 39 10 10 4 5 

*NC 51 and NC 7J are charnockitic. Localities shown in Figs. 43 and 44. l 200 points counted for each sample. tr = Trace. 

between the pyroxenes and the feldspars. The rocks have been 
classified as chamocldtes from their original mineralogy 
(orthoclase, plagioclase , quartz, orthopyroxene and 
clinopyroxene) and it is suggested that they were intruded 
towards the later stages of a metamorphic event. 

Mineralogy 
Orthoclase (Orsoo) - forms xenocrysts up to 10 mm in diameter and conlains 
abundant perthitic exsolution. It commonly encloses plagioclase poikilitically 
and usually these plagioclase grains are surrounded by a zone of myrmekite 

Plogi«lase - occurs in two forms. A large one. up to 5 mm in diameter 
(An;»-Js). enclosed by onhoclase or in close association with quam and 
onhoclase and a second form (An,.,.,) wbich is finer grained (<1 mm) and 
usually associated with biotite, hornblende, garnet and secondary 
chnopyroxene. 

Pyroxenes - the clinopyroxene forms pale green grains of two distinct sires 
both of which have a similar salite composition. The coarser variety (2 mm) i~ 
xenomorpbic and appears to have been reacting to form hornblende with or 
~ithout a minor amount of the fine (0,5 mm) clinopyroxene. The onhopyroxene 
IS a ferrohypersthene with pale pink pleochroism and is commonly finely 
exsolved. Jt is xenomorphic and has been involved m a reaction that formed 
hornblende with or without the fine.r clinopyroxene. 

Accessory minerals- fine grained (up to 0. 7 mm} and include almandine-rich 
gar,net~ that are pi~k. xe_noblastic and sieved by fine vermicular quartz; biotite 
wh1ch ts a brown 1ron-nch vanety that forms clusters of acicu Jar grains and 
hornblende, also ~ron-rich. which is subhedral and has green to brown-green 
pleochroism. 

Granulite 
A granulitic sample was collected from the north side of 
Armalsryggen. It was taken from an area composed of well
stratified leucogneisses with minor melanocratic intercala
tions. The rock, which has a spotted appearance. has a similar 
mineralogy to the metagabbros but has abundant fine zircon 
grains in the biotite and a well-defined foliation. so it has been 
included in a separate category. The foliation is defined by the 
parallel alignment of both biotite and pyroxene grains and a 
slight segregation into quartz-plagioclase and pyroxene-rich 
lamellae. 

The primary constituents of the rock (Table 14) include 
relatively equigranuJar (0. 7 mm) plagioclase and diopside with 
large (1 ,2 mm) biotite grains. Coronas of green hornblende and 
quartz have developed about the pyroxcne, so it is highly 
embayed and the plagioclase grains are highly zoned. In many 
instances the biotite grains have grown across the coronas. 

Metagabbros 
Lithology - discordant meta-igneous bodies with a gabbroic 
aspect have been mapped on Armalsryggen and Hallgrens
karvet. These mctagabbros are dark brown and are cons
spicuous in having a spotted appearance due to the 
development of coronanites. Although the textures have been 

Fig. 53 Reaction corona between pyroxenes and plagioclase in 
metagabbro. There is a core of pyroxene (P). zone A of quartz + 
cl_inopyroxene IJ 7" hornblende, zone B of garnet, and finally a 
htghly zoned plagaoclase - albite-rich rim with anorthitic core. 
Fine blades, tentatively identified as biorite form along the plagio
clase cleavages. Scale bar is 1.0 mm . 

altered during metamorphism, the original rocks were not 
foliated. Most of the samples have retained some vestiges of 
their original mineralogy. However, some, which are devoid of 
pyroxenes, have been included in this group because of their 
charactenstic garnets with vermicular quartz, their zoned 
plagioclase with thin blades of biotite developed along the 
cleavage and their close field association with metagabbros. 

The primary constituents of the rocks are plagioclasc. 
clinopyroxene and/or orthopyroxene and biotite, with or 
without quartz (Table 14). The textures have been more or less 
altered during metamorphism with the development of 
hornblende. garnet, quartz and an albitic plagioclase between 
the pytoxene and the original plagioclase. Two forms of 
alteration have been observed (Fig. 53). In the first, out from a 
pyroxene core there is a zone of fine, green xenomorphic 
hornblende intergrown with quartz blebs. with or without a 
secondary clinopyroxene (Cp,JI), into a zone of garnet. The 
outer rim of the plagioclase is albite-rich and the core is 
anorthitic. The second form developed zones which consist of 
an original pyroxene core. a zone of clinopyroxene ( Cp, II) plus 
quartz and hornblende that passes into a zone of 
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monomineralic green hornblende, followed by an outer zone of 
highly zoned plagioclase that contains abundant fine equant 
hornblende and biotite. 

Mineralogy 
Plagiodase - forms both highly zoned coarse grains (up to 3 mm) and fine 
unzoned seoondary grains. The coarser variety ranges in composition from cores 
of labradonte to rims of oligoclase. whereas the finer vancty is oligoclase and 
often myrmekitic. Small equant grains of green hornblende arc commonly 
poiklloblastically enclosed by the coarse plagioclase and thin blades of biotite 
have commonly developed along the cleavage of thh. plagioclasc. 

Pyroxenes-the onhopyroxene is a ferrohyperst11en~ ~En-"l-:~<) and the grains 
arc usually highly altered to reddish-brown material and arc cmhayed. They 
occur in the centre of a ring of hornblende with or without C1,.11 (see below) and 
commonly show e.xsolurion features . As ,·an be seen trom Table 14 
orthopyroxene is less common than clinopyroxene. 

Clinopyroxene is relatively common and two generations have been observed: 
a coarse varietytC,.I) and a fine variety (C~,l1). The coarse variety is up to2 mm 
in diameter. commonlv contains exsolution lamellae and has an embaved and 
corroded outlint:' . It oecurs at the centres or large areas of hornblende-with or 
without C,.D. The secondary clinopyroxenes occur as small (I mm) pale green 
>tubby grain~ which are located around tbe rim of c.,l. or <X:cur as a minor 
constituent in the hornblende collar about tbe orthopyroxene. or the primary 
clinopyroxene. A preliminary investigation of the composition of the two 
clinopyroxenes suggests that they have a similar c.>mposition in the salite range 
He.-.ljj. 

Biotite - brown r<> light brown. forms subhedral grains up to 2,5 mm long and 
is closely associated with ilmenite. In many cases the biotite has grown across the 
various mineral zones that ha"e developed between pyroxene and plagiodase, 
suggesting that the biotite did not participate in this reaction and that it is a 
primary phase. As weD as the primary biotite there 1s a secondary type that 
develops along the cleavage planes of the plagioclase. This type forms very thin 
red-brown flakes. 

Hornblende-although a major constituent in all the samples, it is a secondary 
phase and occurs either as a corona about pyroxene or as discrete grains in the 
outer zone of the large plagioclases. Jn the coronas the hornblende forms a 
glomeroblastic ring composed of fine (0.2 mm) subhedral green to brownish
green grains that are intimately associated with quartz and stubby 
C,.II . The quartz forms vermicular growths in the hornblende. In the outer zone 
of the plagioclase the hornblende forms stubby, subhedral , green to brownish
green grains. 

Garfll!t - a pink almandine-rich variety that forms a discontinuous band 
between the other ferromagnesian minerals and plagioclase. Individual grains 
are up to0,5 mm in diameter and are usually euhedral to subhedraL They usually 
formed as a band between hornblende and plagioclase, but in some cases the 
hornblende is absent and the gamet formed between pyroxene and plagioclase. 
The garnets are sieved by quartz vermicules parallel to each other and are 
perpendicular to the hornblende/garnet and garnet/plagioclase interf~ces. 

Acussory minerals- include ilmenite and quartz, wh1ch are ubiquitous. The 
ilmenite is primary and forms large subhedral grains which are usually 
poikiloblastically enclosed within biotite. Quartz is a secondary phase occurring 
either as fine vermicules in garnet and hornblende, or as small (0,05 mm) equant 
grains in the hornblende zone of the coronas. 

Metadolerites 
Lithology- these rocks form part of the Heksegryta lntrusives 
(Roots 1969) and crop out on Svartbundufsa. Mjollfoykje, 
Tverreggtelen, Enden and Sloret where they form mafic syn
metamorphic dykes and sills. Metamorphic re-equilibration of 
varying degrees has occurred so that rock types varying from 
slightly altered dolerites to amphibolites occur. The intrusives 
have a foliation parallel to their contacts and contact 
metamorphic effects are absent. Many of the samples have a 
mylonitic structure and it is difficult to determine if the foliation 
is the result of cataclasis or due to orientated crystal growth in a 
stress regime. In general, the dykes and sills have not been 
folded except for one example from Tverregga. which Heard 
(19?6b) described as folded and faulted. 

The altered dolerites are composed of relics of pink 
titanaugite and plagioclase laths in a typical subophitic texture, 
together with opaque minerals. The augite is cloudy and 
altered to amphibole. while the plagioclase is full of dusty 
inclusions, some of which are epidote. Coarse, stubby grains of 
epidote and flakes of chlorite occur in some samples. As the 
state of alteration increased. the pyroxenes were replaced by a 
felted mat of brown hornblende and individual grains of a 
second blue-green to green hornblende formed. A fine brown 
biotite also formed and fine glomerohlastic sphene developed 
around the opaques or as trails away from opaques. The biotite 
and blue-green hornblende are preferentially aligned but the 
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interlocking plagioclasc preserves the original texture. As 
metamorphism proceeded. more brown biotite and blue-green 
to green hornblende developed and the amount of epidote was 
reduced. Metamorphic plagioclase and quartz also formed. 
Sphene is still common but it becomes coarser grained under 
progressive metamorphism. The final stage in the metamor
phism of these rocks is indicated by the development of a 
lepidoblastic texture where coarse-grained, foliated gneisses 
have segregarions of hornblende-biotite-rich and plagioclase
quartz-rich lamellae. The grain size is smaller than that in the 
surrounding gneisses. 

Mineralogy 
Homhlende- initially fom1cd as brown rims on augite. but as the degree of 
metamorphic re-equilibration increased the pyroxene was gradually replaced by 
a fehed mat of fine acicular hornblende. During metamorphism the areas of 
hornblende developed into rounded porphyroblasts and the brown homblend~ 
was rimmed by a blue-green variety. Individual grains of the blue-green variety 
also formed and when re-equilibration was complete a subhedral browniSh-green 
variety remained. 

Biotite - :1bsent in the original rock and did not appear until after tbe initial 
stages of metamorphi.sm. Initially it formed small, equant brown grains that 
became more elongate and more concentrated in particular lamo:Uae, as the 
degree of metamorphism advanced. , 

Plagioclase - occurs as laths of labradorite in the slightly metamorphosed 
dolerite. 11tese were destroyed during deformation by both shearing and 
ep1dotization. During the latter stages of metamorphism they recrystallized to 
grains in the oJjgocJase to low andesine range, either as rims on the epidotized 
grains or as new xenoblasts. Plagioclase commonly encloses biotite, hornblende 
and epidote poikiloblastically. 

Accessory minera/s-includesphene and epidote which are not common in the 
unmetamorpbosed rock but, as metamorphism proceeded, fine-grained varieties 
of these two minerals became abundant. Epidote formed in the plagioclase, 
initially as fwe dusty material and later as coarse stubby subhedral grains. Sphene 
fonned glomeroblasts of fine xenomorphic grains about the opaque minerals but 
during the later stages of metamorphism coarse pink rhombs formed. 

METAMORPIDSM 
The high proportion of relatively monotonous quartzo
feldspathic gneisses in the Kirwanveggen and the lack of truly 
pelitic horizons have resulted in a relatively restricted range of 
diagnostic rnine:rals. The general ubiquitous nature of green 
hornblende and the relatively anorthite-rich plagioclase, 
especially in the metabasites, indicates that conditions 
equivalent to the amphibolite facies (Turner 1968, Miyashiro 
1973) have been attained. Towards the south-west primary 
epidote is a common constituent, suggesting that the grade of 
metamorphism is lower there and is in the epidote-amphibolite 
faeies (Turner & Verhoogen 1960, Miyashiro 1973). 

The leucogneisses have a characteristic assemblage of 
antiperthitic plagioclase (Ano-.JO), microcline and biotite with 
occasional garnet, green hornblende and graphite. The 
occurrence of antiperthite is usually indicative of granulite 
facies conditions (Senn 1959, Miyashiro 1973). However, Senn 
(1959) suggested that the development of antiperthite is a 
reflection of bot h temperature and potassium content of the 
rock. In the Kirwanveggen, antiperthitic plagioclase also 
occurs in the garnet-biotite plagiogneisses and the amphi
bolites, so it is suggested that the occurrence of antiperthite 
reflects a relatively high temperature. The scarcity of primary 
muscovite, together with the ubiquitous formation of 
microcline, indicate that the first orthoclasc isograd (Evans & 
Guidotti 1966) was reached, i.e. conditions equivalent to the 
upper amphibolite facies. 

The biotite-garnet plagiogneisses arc a uniform sequence 
consisting of antiperthitic plagioclase (An2S-4ll). biotite, 
almandine and graphite, with variations in bulk chemistry 
producing hornblende and microcline. while kyanite, silli
manite and muscovite occur locally. 

The coexistence of kyanite and sillimanitc is inconsistent 
with phase relations in the AJ2Si0~ system, but in the 
Kirwanveggen the sillimanite occurs in the form offibrolite and 
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Ghent et al. (1979) reported fibrolite and kyanite coexisting at 
the sillimanite isograd. There is some ambiguity as to the status 
of fibrolite with respect to the stability field of sillimanite. 
Flemming (1972) concluded that fibrolite may be metastable 
while Cameron and Ashworth (1972) showed that fibrolite is 
identical to sillimanite and suggested that overlapping l]'anitel 
fibrolite stability fields were due to the fine grain size and 
surface-energy effects. Niggli (1960) and Vernon and Flood 
(1977) considered that fibrolite has the same stability field as 
sillimanite and it is suggested that the coexistence of these two 
phases in Neumayerskarvet indicates that conditions close to 
the kyanite/sillimanite phase boundary prevailed during the 
peak of metamorphism. Miyashiro (1973) and Turner (1968) 
suggest that sillimanite does not form directly from kyanite, but 
that the reaction occurs over a range of condi tions and involves 
biotite. This is consistent with the mode of occurrence of 
sillimanite in Neumayerskarvet, where the fibrolite needles 
form preferentially in the biotite grains. lt is suggested that the 
fibrolite formed after the kyanite. during isothermal lowering 
of pressure, perhaps due to uplift. 

The conclusion that the metamorphic grade was equivalent 
to that at about the kyanite/sillimanite boundary is 
substantiated by the limited amount of mineral chemical data 
that are available. Sturt (1962), Nandi (1967) and Cooper 
( 1972) showed that there was a sympathetic relationship 
between FeO +MgO and MnO+CaO in garnets and that this 
was related to metamorphic grade. When compared to the data 
of these authors, the compositions of the garnets from the 
biotite-gamet plagiogneiss (Table 10) indicate that 
metamorphism reached conditions equivalent to the upper 
kyanite zone. 

Kretz (1959, 1961) , Albee (1965a), Saxena (1966, 1968), 
Lyons and Morse (1970) and Flemming (1972) established that 
there is a temperature-dependent increase in Ko with 
metamorphic grade, although other factors influence the 
values. Albee (1965b ), Sen and Chakraborty (1968) and Lyons 
and Morse (1970), derived functions relating variations in 
distribution constant to metamorphic grade (Table 15). Those 
samples that fall within the chemical constraints imposed on 
these functions, indicate that metamorphic conditions reached 
those equivalent to the upper kyanitc or sillimanite zones. 

Hornblende plagiogneisses and amphibolites are composed 
of antiperthitic plagioclase (An2o-5s) and green hornblende 

Table IS 
Comparison between the various distribution functions and 

metamorphic grade. 

Garnet Stauro Kyanite Sillimanite Sillimanite-
zone lite zone zone potassium 

zone feldspar 
zone 

Albee(l965) 0.2 0.215 0.23 3.0to3.7 
Lyons& 
Morse ( 1970) 0.13 0.151 0,274 
Sen&Chak-
rabort y ( 1968) 2,0to3,4 +3.4 

Distribution function values frnm the Kirwanveggen. 

Albee {1965) 
Lyons& 
Morse( 1970) 
Sen&Chak
raborty (1968) 

NE 3G AN 6G NW 23G 
0.355 0.291 0.329 

0.252 0.269 0,250 

3.27 
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(occasionalJy with a brown variety), with minor clinopy
roxene. biotite, garnet and. in the south-west, epidote. 

The arnphibolite facies is defined by Turner (1968) and 
Miyashiro (1973) on the basis of green hornblende and a calcic 
plagioclase in metabasites. Although the hornblende from the 
Kirwanveggen is almost entirely a green variety, brown 
varieties do occur and this may indicate higher-grade 
conditions. Miyashiro (1973) recorded colour variations of 
blue-green to green to brown with rising temperature and 
Binns (1964) reported the formation of a brown hornblende in 
zones transitional to the granulite facies. Leake (1965, 1968) 
and Binns (1969) emphasised that the titanium content of 
hornblende increases with temperature and Binns (1965) 
ascribes the brown colour to increasing titanium. The sporadic 
appearance of brown hornblende in Neumayerskarvet is 
attributed to the occurrence oflocalized P-T conditions, similar 
to those encountered in the amphibolite/granulite facies 
transition. 

The restricted occurrence of migmatites and granitic peg
matites is important, as they suggest that partial melting has 
occurred. Although the partial melting is probably the result of 
localized variations in water content, it does indicate that high
grade conditions have been attained. Cheng (1942), Niggli and 
Niggli (1965), Miyashiro (1973) and Wallace (1974) described 
zones of partial melting in the sillimanite zone or transitional to 
the granulite facies. 

The cafe-silicate rocks have a large number of mineral 
assemblages and the significant members of the different 
assemblages (Wallace l979) are generally characteristic of 
amphibolite-facies metamorphism. 

Although wollastonite is a common constituent at higher 
grades of contact metamorphism, it is rare in medium-pressure 
regimes similar to that of the IGrwanveggen. At Broken Hill, 
Binns (1964) reported wollastonite from a zone transitional to 
the granulite fades, where the associated pelitic rocks contain 
sillimanite, whilst in the Nanga Parbat region of the Himalayas, 
Misch (1964) described wollastonite-bearing assemblages in 
medium-pressure rocks, where the pelitic units contain 
sillimanite. Misch (1964) attributed the stability of wollastonite 
at medium pressures to the nature of the occurrence. In the 
Himalayas the calc-silicate rocks are thinly-bedded units in 
pelitic gneisses and Misch argued that this would produce a 
relatively low Xco2, which would favour the formation of 
wollastonite. More recent work by Trommsdorff (1968) and 
WinkJer (1974) has shown that woUastonite is stable under 
moderate pressures only if the Xco2 is very low. 

In the one garnet so far analysed from a caJc-silicate en
vironment (Table 10), there is a high calcium content which, 
coupled with a high aluminium content, suggests that the 
garnet is grossular-rich (also see Wallace 1979). Grossular is a 
common constituent of aluminous calc-silicate rocks at higher 
temperatures (Misch 1964, Bard 1970, Miyashiro 1973) . From 
experimental and petrographic considerations Miy.ashiro 
(1973) and Winkler (1974) showed that the assemblage 
grossular and quartz is stable only under low Xccn (Winkler 
suggests less than 0,2 Xco~). This is consistent with grossular 
and quartz coexisting with wollastonite which also requires a 
low Xccn. Also. the assemblage grossular and quartz is quite 
widespread suggesting that. in general. Xco1 may have been low 
in the calc-silicate rocks. 

An attempt to evaluate the physical conditions of meta
morphism has been made by considering experimentally 
calibrated reactions and the thermodynamic data derived from 
them. The results are presented in Fig. 48. Various authors (sec 
Helgeson et al. 1978) have performed experiments on th~ 
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Fig. 54 Pressure-temperature pha~ diagram with the suggested 
conditions of metamorphism in the Kirwanveggen represented by 
the rectangle. 
A - Zone of reaction forming diopside from tremolite {Skippen 

1971, Slaughter et al. 1975). 
B - Zone of ana texis (Winkler 1974). 
C - Equilibrium boundary for the reaction of amphjbole to 

diopside (at various Xccn) for Neumayerskarvet. 
D - Zone of stability of gamet-plagioclase-epidote (Ps13) 

(Holdaway 1972, Lion 1973). 
E - Aluminosilicate triple point (Anderson et al. 1977). 

Table16 
Temperatures (0C) determined from the biotite-gamet geo

thermometers of various authors. 

Locality 

Perchuk (1970) 
Thompson (1976) Fig. 1 
Thompson (1976) Table 1 
Ferry & Spear ( 1977) 
Ferry & Spear (1978) 
Goldman & AI bee ( 1977) 
Holdaway& Lee(1977) 

NW23G 
24 

620 (605) 
664(604) 
707(650) 
710(638) 
718(641) 
653 (653) 
670(621) 

AN6G 
26 

640(620) 
685(640) 
733(681) 
743(678) 
754(684) 
609(586) 
692(648) 

NE3G 
2 

615(595} 
664{622) 
710(669 
713(663 
722 (667 
721 (700 
673(638) 

Temperatures calculated after correction for the oxidation of iron 
are given in brackets. An error range of ±40°C applies to the 
temperatures. 

AhOr Si02 system and although there are discrepancies, 
results are consistent for the kyanitelsillimanite transition. 
It has been shown above that metamorphic conditions in Neu
mayerskarvet occurred close to the kyanitelsillimanite 
transition and the results of Anderson et al. (1977) have been 
included in Fig. 54. The reaction of tremolite, quartz and 
calcite to form diopside is applicable to the assemblages in 
Neumayerskarvet. l11e calibrations of Skippen (1971) and 
Slaughter et al. (1975) are consistent with each other and are 
included in Fig. 54. The reaction occurs in a zone of varying 
Huid compositions: however, in Neumayerskarvet the reaction 
occurs at low Xc02 so the reaction would have occurred toward 
the low-temperature side of the reaction zone. Based on 
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mineral chemistry and thermodynamic data (after Ferry 1976), 
Wa!Jace (in prep.) has calculated the curve along which the 
hornblende, quartz, calcite and diopside ofNeumayerskarvct 
are stable (Fig. 54). The occurrence of migmatites has been 
used to argue that the initial stages of palingenesis have been 
reached so the zone of anatexis (Winkler 1974) has been 
incorporated into Figure 54. The experimental work on the 
equilibrium between grossularite, plagioclase and epidote 
(Holdaway 1972, Liou 1973) is also applicable to the calc
silicate suite. From this analysis it is concluded that 
metamorphism reached conditions in the range 6,4± 0,5 kb and 
625±25°C. 

The distribution of elements between minerals has been used 
extensively in geothermometry and Saxena (1969), Perchuk 
(1970), Thompson (1976), Ferry and Spear (1977, 1978), 
Goldman and Albee (1977), and Holdaway and Lee (1977) 
have used the partitioning of iron and magnesium between 
garnet and biotite as a geothermometer. This can be applied to 
the samples from Neumayerskarvet (Tables 9 and 10) and the 
results are presented in Table 16, assuming a pressure of 6,4 kb. 
They indicate a range in temperatures of 608±40 to 743±40"C, 
with the major proportion being greater than the range 
calculated from Figure 54. However, the geothermometers are 
based on FeO!MgO distribution while the results in Table 16 
are based on total iron!MgO distribution. If the total iron is 
redistributed between FeO and Fe203 according to stoichio
metry in the garnets and to a ratio of 6:1 for biotites, an average 
ratio in biotites from similar grades that appear in the 
literature, then this range is lowered to 586±40 to 700±40"C. 
The extremities of this range include samples applied to the 
calibration of Goldman and Albee (1977). However, more 
recent work (BaJthatzis 1979, Ghent et al. 1979, Stephenson 
1979) indicates that the geothermometer of Goldman and 
Albee (1977) is not reliable. Of the other geothermometers 
used in Table 16 {Thompson 1976, Holdaway & Lee 1977. 
Ferry & Spear 1977, 1978) it is noticeable that although they 
are consistent with each other, the method which incorporates 
added elements in the partitioning (Perchuk included MnO) 
and which therefore more closely approach the natural garnets 
(Table 10), have slightly lower temperatures (595±40 to 
620± 400C) than those based on FeO/MgO partitioning 
(621± 40 to 684 ±400C). This reaffirms the conclusions of 
Albee (1965b), Sen and Chakraborty (1968) and Lyons and 
Morse (1970) that other elements, namely calcium and 
manganese in garnet, influence the partitioning. 

The assemblages in the calc-silicate rocks can be used to 
calculate fluid pressures and compositions (after Ferry 1976, 
Rice 1977) , and Wallace (1979, in prep.) has carried out a 
detailed investigation of these rocks. The application of 
thermodynamic data to assemblages in which epidote-quartz
plagioclase-calcite-grossularite are in equilibrium allows Pcez 
and Xcez to be determined. The results of this investigation 

Table 17 
Conditions of metamorphism determined from the calc-silicate 

rocks. Pressure in b. 

Dominant 
minerals Xco2 P*co2• P*H20* Ptotal 

Epidote-
diopside 0.14-0,18 0,834 4,999 5.833±0.55 

Garnet-
plagioclase-
diopside 0.20- 0,22 1.449 5.151 6.610±0.25 

• Based on a temperature of b40°C. 
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(Wall ace in prep.) are$ummarised in Table 17. The low Xco2 is 
consistent with that deduced from the stability of grossularite 
+quartz and wollastonite (Greenwood 1967). the occur.rence 
of sphene (Hunt & Kerrick 1977) and the co-existence of 
hornblende and diopside at 6,4 kb and 640°C (Hewitt 1973). 
The sums of the PH20 and Pc<n (5,83 ±0,55 kb and 6.61 ±0,25 
kb) are similar to the total pressure of 6.4 kb determined by 
other means and suggest that the commonlv assumed relation
ship P fluid = P total does hold, at least forth~ calc-silicate rocks. 

Based on the petrology of the metamorphites and the limited 
amount of mineral chemistry, several lines of evidence suggest 
that metamorphism in the SverdrupfjeUa Group reached 
6,4 ± 0,5 kb and 640 ± 50°C and that a fluid composition of 
Xco2 = 0,2 was attained in the calc-silicate rocks. 

CONCLUSIONS 
HjeUe (1972) described a metamorphiC suite consisting of 
granite gneisses, biotite-hornblende plagiogneisses, 
amphibolites and calcareous rocks from the H.U. Sverdrup
fjella (Fig. 3). Although the rocks he described contain minor 
amounts of cordierite, they are petrographically and structur
ally very similar to those of the Kirwanveggen and the 
metamorphites from the Kirwanveggen are thus included 
within the SverdrupfjeUa Group. 

A lack of geochemical data means that deductions as to the 
origin of the Sverdrupfjella Group rocks are tenuous. 
However, the low Rb/Sr initial ratios in suites of samples from 
the gneisses (see Geochronology) demonstrate that the rocks 
are not reworked and preclude any significant previous crusta! 
history, suggesting that the rocks are mantle derived. The 
occurrence of calc-silicate lenses, formed parallel to the 
macroscopic lithological variation in the Kirwanveggen, and of 
marbles and "boulder beds" in gneisses from H.U. Sverdrupf
jella (Hjelle 1972), indicate that some of the rocks were 
sediments. The dearth of aluminosil.icate-bearing rocks 
suggests that rocks whkh originally had pelitic affinities are 
rare. The well-defined stratification and the intercalation of 
amphibolites, leucogneisses and garnet-biotite plagiogneisses 
on a macroscopicscale, together with the isotope data, indicates 
that these rocks represent a suite of intermediate to acid 
extrusive rocks or sills, so that the Sverdrupfjella Group is 
thought to represent a sequence of la vas and/or sills with minor 
chemical sediments and rare clastic sediments. 

This suite, which has undergone at least three phases of 
deformation, was metamorphosed to upper amphibolite facies 
conditions (6,4 kb and 640°C), with the last phase of 
deformation occurring after the metamorphic maximum. 
During the later stages of metamorphism, charnock.ites and 
gabbroic rocks were intruded and partiaJly metamorphosed. 
These plutonic intrusives can be correlated with those 
described from the areas to the east of the Kirwanveggen by 
Ravich and Soloviev (1969) and Yoshida (1978) , which were 
thought to have been intruded while metamorphism was 
waning. The Heksegryta Intrusives (metadolerites) (Roots 
1969) are separated in space and time from the gabbros and 
were probably intruded during the last phase of deformation.+ 
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SEDIMENTARY AND VOLCANIC 
ROCKS OF THE KIRWANVEGGEN 

HISTORICAL REVIEW 
Roots (1953) noted: "Towards the south-west end of the line of 
nunataks forming the south-east wall ofPencksokka ... a series 
about ?O metres thick of greywackes and siltstones. that appear 
to be sJm1lar to the common sediments to the north, lies directly 
upon the gently rolling erosion surface of the metamorphic 
complex". In his subsequent account (1969) he amplified this 
and stated that the base of his Ahlmannrygg Group, at least 
locally, "appears to be represented by banded yellow and grey 
quartzites and thin mudstone-fragment conglomerate beds 
that lie with angular unconformity on the smooth, apparently 
er?ded surface of the Sverdrupfjell Group strata, on Kuven 
Hill and Tunga Spur of the Kirwan Escarpment; but the 
relationship of these beds to the remainder of the group is not 
known." 

In a subsequent description of the geology of the south
western part of the Kirwanveggen, Aucamp et al. (1972) 
presented a strati graphic column that differs completely from 
that of Roots (1953, 1969). T hey found that in most of this area 
the metamorphic rocks of the Basement Complex are uncon
formably overlain by Mesozoic sediments and lavas. In the 
Urfje.ll (Fig. 55), however, these younger rocks unconformably 
overlie a down-faulted block of slightly folded quartzites and 
conglomerates which occur in tectonic contact with the older 
Basement Complex. They named these rocks units, in 
decreasing order of age, the Urfjell Group, Amelang 
Formation and Kirwan Volcanics. 

URFJELL GROUP 
Definition- the name Urfjell Group was given by Aucamp et 
al. (1972) to a succession of quartzites and conglomerates, at 
least 1 ?SO m t~ck, occurring in the Urfjell, a 35 km-long 
mountam range m the central part of the Kirwanveggen. It 
comprises three formations, named for the nunataks where 
they are best exposed (Fig. 55), viz. a lower Uven, a middle 
Tunga and an upper Urnosa Formation. The following account 
is based on their work. 

Distribution - the Urfjell Group has been traced for some 20 
km, from small nunataks 2 km south of Uven north-northeast
wards to Umosa (Fig. 55). It gives rise to low, rounded, 
undulating hills characterized by active scarp recession on their 
north-western sides. It is in tectonic contact with the 
metamorphic rocks of the Sverdrupfjella Group. Neither its 
base nor its top has been encountered. 

The Uven Formation is conformably overlain by the Tunga 
Formation, but neither the top nor the bottom of the Urnosa 
Formation is exposed and its placing at the top of the Group is 
therefore tentative. This uncertainty is regarded as justifying 
the assigning of formation status to the three units rather than 
regarding them as members of a formation. ' 

The rocks of the Group have been folded about north
northeast to east-trendingaxes. Near-vertical dips are common 
and, in places, the bedding is overturned. 

Lithostr.atigraphy - the quartzites of the UrfjeU Group are 
predommantly highly siliceous and distinguished by a glassy 
appearance. A very fine-grained sericitic matrix is responsible 
for the characteristic pale green colour. 

Fig. 55 Distribition of the Urfjell Group, Amelang Plateau 
FormatiOn and the K1rwanveggen Formation. 
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Fig. 55 



68 S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

Tunga Formation changed from north-northeast in the middle 
part of the Formation to north-east in the upper. 

Age and correlation - the Urfjell Group is unconformably 
overlain by the Amelang and Kirwanveggen Formations of 
Pennian and Jurassic ages, respectively. Tts rocks are 
lithologically very different from the platform sediments of the 
Ahlmannryggeo Group. It also differs from them structurally 
in being folded, possibly during the Cambro-Ordovician Ross 
Orogeny. 

Fig. 56 lron Oxide staining in the Frostbite Bluff Member. 

The most probable correlate is the Lower Palaeozoic Taylor 
Group of the Beacon Supergroup, which is coextensive with 
the Transantarctic Mountains. Geographically the closest 
correlatives are probably the Cambro-Ordovician Blaicklock 
Glacier Group of the ShackJeton Range and the Neptune 
Group of the Pensacola Mountains (Aucamp et al. 1972, 
Clarkson 1972). 

AMELANG PLATEAU FORMATION 
(a) Uven FormaJio~ - comprises a monotonous succession, - Definition - the Amelang Plateau Formation is an approxi

over 400 m thick, ~ompose.d almost ~ntirely of. even- mately lOO m-thick, near-horizontal succession of sandstone, 
bedded, fine- to m~dmm-grru.ned quartzites,. occasiOnally with minor conglomerates and shale occurring in the extreme 
cross-bedded and w1th rare stnngers of q~artZJte and quar~z south-western Kirwanveggen . It unconformably overlies the 
pebbles. The qua~tz pebbles are of typ1~ ~eta~orph1c Urfjell Group in the Urfjell and the Basement Complex in the 
quartz. A gradatiOn to coarser quartzite IS noticeable rest of its outcrop area. lt is conformably over lain by the basalt 
towards the top. of the Kirwanveggen Formation. 

(b) Tunga Fo:mtJtion - this 1050 m-thick succession falls It was named for the Amelang Plateau (73"20'S, 6"00'W; 
naturally mto a lower 520 m of pale green, massive to National Geographic Society, 1963) by Aucamp et al. (1972), 
c~rrent-be~ded, ~oorly sorted conglomerate and quartzite, on whose account the following description is partly based. 
WJth occasiOnal mterbeds of micaceous quartzite, coarse Distribution - the Formation occurs as a hook-shaped line of 
arkose. and ~hale and an upper 530 m of mainly dark.green outcrops in the rniddJe parts of the nunataks of the south
quartZite With conglomerate lenses .. The pebbles m the western Kirwanveggen. Jt has been followed for some 35 km 
conglo~erate are mostly of quartzite and are loosely from Tunga in the north-east south-westwards to where it 
packed m a rudaceous, current-bedded matrix. The highest thins and finally wedges out n~ar the end of the escarpment 
exposed parts of the Formation consist of a similar but The overlying la vas of the Kirwanveggen Formation the eo . 
coarse~ conglomerate. A promi~ent 3 m-thick, nipple-pink tcr rest directly on the metamorphic rocks of the Ba:em:O~ 
quartZite mar~er occurs approxtmately 120 m below the top Complex. In the other direction, just beyond Tunga, the 
of the success1~n. . . Formation disappears under the snow. 

Alth~ugh litholog1cal differences between the Tunga As the rocks of this Formation are more friable and 
Formation and the un.d~~lying Uven ~o~at~on a~e susceptible to erosion than those of the underlying and 
pronounced, no sharp d~viSion could .be distmgUished m overlying formations, its outcrops are limited in extent. They 
outcrop.s. The predommant quartzites of the Uven usuaUy occur as sheer exposures, just above the knickpoint 
Forma~on grade mto t~e bas~l co~glomerates of the Tunga between the well-defined peneplain on the older formations 
Formation over a stratigraphic thickness of some 80 m. and the steep cliffs of the overlying basalt. Large, exposed 

(c) Urnosa Fonnation - the exposed 200 m consists mainly of outcrops of the Amclang Plateau Formation have been found 
greenish, ~edium- to coarse-grained quartzites. Inter- only at Frostbite Bluff and Petrel Peak. At both these pJaces 
calatedlenttcularbedsofdarkercoloured,fine-tomedium- the outcrops have the form of low pyra.Jnids with step-like 
grained quartzites, reddish-brown sandy mudstones and sides, the steps being caused by differences in hardness of the 
reddish-brown micaceous and fissile quartzites are charac- successive beds. 
teristic. Beds, up to 1 ,5 m thick, of very coarse-grained Litbostratigraphy - the Amelang Plateau Formation was 
arkose also occur. divided into two conformable members by Aucamp et al. 

Provenance and Depositional Environment - tbe detrital (1972). Due to lack of geographic names, these were informally 
mineral suite of the Urfjell Group, viz. strongly undulose termed the lower and upper members. However, they are here 
quartz, orthoclasc and plagioclase feldspars, relatively formally named the "Frostbite Bluff Member" and the "Petrel 
abundant garnet. occasional muscovite and rare zircon. Peak Member", after the nunataks where they are best 
suggests a granitic-metamorphic provenance. The pebbles are exposed, and which have now been named. 
mainly of fine-grained, brick-red to pale green. often fissile (a) Frostbite Bluff Member - this unit comprises 25 to 70 m of 
quartzite with less abundant vein quartz and occasional fiat buff, brown, yellow. red and purple sandstone with inter-
shale fragments. The rare occurrence of brick-red jasper in calated conglomerate, shale and mudstone. The basal part 
these rocks is in complete contrast to its characteristic locally consists of up to three metres of a poorly sorted and 
abundance in the upper formations of the Ahlmanmyggen highly feldspathic conglomerate. The pebbles reach up to 
Group. 10 cm in size and are mainly poorly rounded to anguJar, 

The large-scale current-bedding and the poor sorting of the often elongated. They are mainly derived from the 
con?lomerates point to a high-energy, near-shore depositional underlying metamorphic rocks and arc set in a gritty, often 
cnvtronment. The predominant palaeocurrent direction in the clayey matrix. Thin lenses of fine- to medium-grained 
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sandstone occur within the conglomerate. The basal 
conglomerate usually occurs as lenses, filling hollows in the 
underlying rocks. The major part of this Member is made up 
of fine- to medium- and coarse-grained. cross-bedded and 
current-bedded sandstones. Individual beds are usually 
lens-shaped and wedge out over short distances. lnter
calated lenses of conglomerate. shale and mudstone occur 
throughout the sandstone, but the conglomerate lenses 
predominate. These consist of poorly sorted pebbles of 
white and grey quartz and white feldspar. The pebbles are 
usually fairly well rounded. Iron oxide staining, along 
bedding planes and as irregular dendritic veins, is common 
throughout the sandstone (Fig. 56). Ferruginous concre
tions also occur locally. A 20 cm-thick carbonaceous shale 
occurs about lOto 15 m above the base of this Member. 
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(b) Petrel Petlk Memher- this conformably. but with a sharp 
contact, overlies the Frostbite Bluff Member. It consists of 
10 to 50 m of poorly sorted, buff-coloured. fine-grained 
sandstone. The sandstone is coarsely-bedded and contains 
thin gritty layers and lenses.lt is characterized by numerous 
small specks of iron oxides. Abundant ferruginous concre
tions, up to 15 cm in diameter, occur in the upper four to 
five metres (Fig. 57). Where exposed, the upper one or two 
metres just below the basalt are baked, with the upper 20 to 
30 cm completely recrystallized by the heat of the lava 

Fig. 57 Ferruginous concretions in the Petrel Peak Member. 

flows. 
The approximately 25 m-thick succession of fine-

grained, argillaceous sandstone occuning at Tunga is 

correlated with this Member. 
Age and Correlation - evidence points to the Amelang 
Formation being of Permian or Permo-Carboniferous age. 
Woody tissue from the carbonaceous shale in the Frostbite 
Bluff member was tentatively dated as Carboniferous or 
younger by J. Anderson (u; Aucamp et al. 1972). He 
considered a Permian age to be the most probable. This was 
subsequently confirmed by R.P. Stapleton (pers. comm.). No 
identifiable fossil spores were found. 

Problematica resembling the interwoven worm tubes 
described by Vialov (1962) in the Perrnian sandstones from 
Beacon Heights in southern Victoria Land, occur in groups 
along, as well as cutting through, bedding planes in the Petrel 

Peak Member (Fig. 58). 
There is a close similarity in lithology and in stratigraphic 

succession to the Permo-Carboniferous rocks that overlie the 
Basement Complex in the Heimefrontfjella, about 120 km to 
the south-west (Juckes 1972). Similar sediments, dated as 
Early Permian, also occur at VestfjeUa some 250 km to the east 

(Hjelle & Winsness 1972) . 
The unconformity at the base of the Amelang Plateau 

Formation (Fig. 59) is considered (Aucamp et al. 1972) to be 
equivalent to the Maya erosion surface, which occurs within 
the Beacon Supergroup and which separates the Taylor and 
Victoria Groups (Barrett 1971). 

KIRW ANVEGGEN FORMATION 
Definition - basaltic lava flows with minor intercalated 
sediments that cap the nunataks of the south-western Kirwan
veggen , were named the Kirwan Volcanics by Aucamp et al. 
(1972) . The unit is here formally named the Kirwanveggen 
Basalt Formation. It has a total thickness of at least 360 m but 

its top is not exposed. 
Distribution - the Formation has been traced from Tunga 
south-westwards along the escarpment for a distance of 50 km. 
For the first 35 km it lies directly on the sandstone of the 

Fig. 58 Problematica in the Frostbite Bluff Member. 

Fig. 59 The angular unconformity between the Sverdrupfjella 
Group and the Amelang Plateau Formation at Petrel Peak. 

Amelang Plateau Formation with apparent conformity but. i.n 
the extreme south-western part of the Kirwanveggen, this 
wedges out and the la vas lie directly on the metamorphic rocks 
of the basement complex with an angular unconformity. The 
la vas form steep bluffs and cliffs along the escarpment and high 
and steep terraced peaks when occurring away from it. 
Litbostratigraphy*- up to 10 flows, ranging in thickness from 

' Based on Aucamp, Wolmarans and Ncethling ( 1972). 
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6 to 84 m and totalling more than 360 m, are exposed. Many of 
the ounataks forming the crest of the Kirwanveggen, south
west of Tunga, present a terraced appearance due to the 
differing resistances to weathering of the massive lower parts 
of the flows compared with the upper vesicular and amygda
loidal parts. Massive lava thus caps many of them, which 
resemble the flat-topped dolerite-capped Karo6 koppies of 
South Africa. 

Typical features of aa or block lava - highly irregular, 
jagged upper contacts of flows, inclusions of clinkers along the 
bottoms of some flows, layers and zones of weathered crumbly 
lava and irregular shaped amygdales - are common. 
Occasional flows with thin basalt and upper amygdaloidal 
phases and remnant lava toes, all indicative of pahoehoe, were 
also found. 

Three isolated, oval-shaped bodies of highly vesicular lava 
containing abundant zeolites, that cut through massive flows 
are probably remnants of vents. The occasional occurrence of 
oxidation in the upper 1 m of some flows and isolated 
intercalations of baked sandstone up to 2 m thick, are 
indicative oftime lapses between eruptions. At T unga the tops 
of some flows are very heavily weathered to depths of up to 
three metres, confirming these time lapses. Rare, inclined pipe 
amygdales indicate that the Java flowed from the south, 
whereas local movement from the east-southeast is inferred 
from striae on baked surfaces of Amelang shale underlying the 
lowest flows. 
Petrography - the lavas, which are basalts with uniform 
composition and texture have been well described by Faure.et 
al. (1979). They are porphyritic, the phenocrysts being mainly 
labradorite (An62-69) which commonly shows oscillatory 
zoning. The phenocrysts occur both as single crystals, up to 
3 mm long, and as glomeroporphyritic aggregates of up to 
11 mm across. Phenocrysts of augite as single grains or 
glomeroporphyritic aggregates also occur in some lavas. 
Olivine phenocrysts and pseudomorphs after olivine are rare. 

The grouodmass of the lavas has an intergranular and 
intersertal texture and consists mainly of plagioclase laths 
(Ans2-60) showing slight zoning, allotriomorphic pyroxene 
grains (augite and pigeonite) and secondary minerals. Opaque 
minerals are common and most lavas also contain secondary 
brown phylosilicates. 
Geocbemistry - according to Faure et al. (1979) the la vas of the 
Kirwanveggen are subalkalic tholeiite basalt. They are similar 
in chemical composition to basalts from the Vestfjetla (Hjelle 
& Winsness 1972), Mannefallknausane (Juckes 1968) and the 
Heimerrontfjella (Juckes 1972). However, according to Faure 
et al. (1979), they differ significantly from basalt of the 
Transantarctic Mountains in having lower concentrations of 
Si02 and K20, but higher concentrations ofTi02 , Ah03, MgO 
and CaO. 

According to Faure et al. ( 1979), and like the other basalts of 
western Dronning Maud Land, these also have lower Sr 
concentrations and Rb:Sr ratios and higher Rh concentrations 
and K:Rb ratios than those of the Transantarctic Mountains. 
Furthermore, the basalts have initial S7Sr:86Sr ratios averaging 
0,7044 which is significantly lower than those of the 
Transantarctic Mountains (average about 0,7115). They 
suggested that the magma could have been derived from the 
upper mantle without extensive contamination . 

The chemistry of the basalts tends to confirm the view of 
Faure and Elliot (1971), Faure et al. (1972) and Neethling 
(1972) that the Jurassic basalts and dolerite from wester~ 
Dronning Maud Land resemble those of South Africa and 
Brazil. but differ from those of the Transantarctic Mountains. 
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Age and correlation - a lower limit to the age of the 
Kirwanveggen Formation is provided by the Permian or 
Permo-Carboniferous Amelang Plateau Formation which it 
overlies. A mid-Jurassic age \vas assigned to the basalts by 
Aucarnp ec al. (1972). They reported a K-Arwhole-rock age of 
172 ± 10 Ma for a sample from Tunga. Basalts having the same 
radiometric age also occur in the Heimefrontfjella (Juckes 
1972, Rex 1972) also in western Dronning Maud Land and in 
the Transantarctic Moumains. 

The peneplrun onto which the lavas flowed may be the 
eql)ivalent of the sub-Mawson erosion surface, which occurs in 
Victoria Land between the Victoria and Ferrar Groups. t 

STRUCTURAL GEOLOGY 
MAJOR FEATURES 
The sedimentary-volcanogenic platform succession of the 
Ritscherfiya Supergroup is exposed in a roughly wedge
shaped, north-easterly striking, fault-margined block, 
preserved among the plutonic and repeatedly mobilised 
metamorphic rocks of the crystalline basement. 

The dominating structural element is the great Pencksokket
Jutulstraumeo rift, which separates the platform succession of 
the Ahlmannryggen and Borgmassivet from the basement 
complex of the Kirwanveggen and H. U. Sverdrupfjella. 
Neethling (1970) was of the opinion that the rift was arranged 
en echelon. to the north-east. but from the now available 
Landsat imagery (Fig. 60) it seems more probable that it is a 
single, slightly arcuate rift. The southern. Pcncksokket part 
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Fig. 60 Mosaic of Landsat images of the Ahlmannryggen, Borgmassivet and Kirwanveggen . also showing the Jutulstraumen and 
Pencksokket (Malan & Van Zyll979). 
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strikes approximately 45° while the northern,. Jutulstraurnen 
part has a strike of approximately 32°. The change in direction 
takes place in the area south of the Borgmassivet, between it 
and Heksegryta. A south-easterly striking branch of the rift is 
occupied by the upper reaches of the Jutulstraurnen and 
separates the Kirwanveggen from the H . U. Sverdrupfjella. 

Ravich and Soloviev (1969) estimated a vertical displace
ment along the Pencksokket-Jutulstraumen rift of some 600 to 
l 500 m. Their estimate was apparently based on an assumed 
thickness of 1 000 to 1 500 m for the platform succession and. 
for this reason. is on the low side as Neethling (1970) estimated 
the thickness at more than 3 000 m. Kogan (1972) considered 
that the vertical displacements along the rifts in the 
Wolthatmassivet, 500 km to the east, range from 2 to 6 km. 
R.C. Wallace (pcrs. comm.) considered that, to explain the 
difference in metamorphic grade across the Pencksokket
Jutulstraumen rift, a displacement of the order of 8 km is 
indicated . 

Deep seismic soundings in the Wolthatmassivetshowed that 
the rift there extended down to at least 40 km, penetrating the 
mantle (Kogan 1972). By analogy, this is probably also the case 
with the Pencksokket-Jutulstraumen rift. 

Rifting is considered to have been initiated during the 
Middle Proterozoic. Movement probably continued inter
mittently until the Cainozoic. 

Schistose, mylonitized rocks (diaphthorites) of the green
schist facies, formed by retrograde metamorphism, occur 
along the Pencksokket-Jutulstraurnen rift. Ravich and 
Soloviev (1969) have recorded them from Midbresrabben, in 
the middle of the ice-stream, from the western spurs of 
Neumayerskarvet and from the western H. U. Sverdrupfjella. 
At Neumayerskarvet the diaphthorite is stated to form a zone 
no less than I km wide, that dips south-eastwards at 80°. It 
follows a sinuous course, with local interruptions due to later 
cross-faulting, to Straumsvola in the H.U. Sverdrupfjella. 
Here the zone is only 200 m wide and dips to the north-east at 
85° (Ravich & Soloviev 1969). According to Neethling (1970) 
the diaphthorite zone apparently formed on the active, 
hanging-wall side of a high-angle thrust zone, along which the 
basement was repeatedly uplifted and faulted against the 
margin of the stable platform. 

To the west of the Ahlmannryggen and Borgmassivet, 
another probable rift, occupied by the ice-stream of the 
Schyttbreen, approximately parallels the northern part of the 
Pencksokket-Jutulstraumen rift. 

KIRW ANVEGGEN 
Although Roots (1969) reported that the rocks of the 
Sverdrupfjella Group in the Kirwanveggen have a moderate 
regional dip to the south-east, he mentioned that in detail the 
structure is much more complicated. Subsequ;nt inves;iga
tions by Gavshon and Erasmus (1975), Heard (1976b), 
Meineke (1976) and Wallace (1980) have confirmed this. 

Folding 
According to Wallace (1980) it is apparent that polyphase 
deformation is prevalent in the rocks of the Kirwanveggen. He 
distinguished two di[ferent interference patterns in this area; 
the first indicating a system where the fold axes of the two 
defonnational episodes were parallel but the axial planes were 
perpendicular to each other and the second where the 
interference patterns indicate that the axial plane of the second 
phase of folding was perpendicular to that of the first and the 
two fold axes were at right angles to each other. Wall ace (1980) 
also presented evidence suggesting that there was at least one 
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earlier phase of folding, which was probably Isoclinal and 
produced nappes. The later phase of deformation in the 
Kirwanveggen is open-style folding , which has folded the 
foliation . To the south-west of Armalsryggen the fold axes 
plunge moderately (300 to 500) to the south or south-east. 
whereas at Armalsryggen and in the western Neumayerskarvet 
they plunge at 10" to 200 to the north-east and south-west. ln the 
central and eastern Neumayerskarvet the fold axes have a 
shallow (5° to 100) plunge to the north-west and south-west. 
The axial planes are probably nearly vertical. 

The sedimcnts oft he Urfjell Group .in the south-western part 
of the Kirwanveggen. for which an Early Palaeozoic age was 
suggested by Aucamp et al. (1972), are defonned in a style 
similar to the last phase of folding in the rocks of the 
Sverdrupfjella Group. This could make this phase very much 
later than the earlier phases, possibly during the later stages of 
the Ross Orogeny. 

Faulting 
The rocks of the Kirwanveggen are, in the main, cut by north
easterly and north-westerly striking, high-angle notmal or 
reverse faults with displacements of less than 20 m (Gavsbon & 
Erasmus 1975, Heard 1976b, Meineke 1976). In the central 
Neumayerskarvet, displacements are larger and can be greater 
than 200 m. Neethling (1970) stated that the rocks of the 
Sverdrupfjella Group are cut by structural features, now 
expressed as north-westerly striking, glacier-filled breaches in 
the escarpment of the Kirwanveggen. 

Only one example of large-scale thrusting, at Tveregga, has 
been reported (Heard 1976b). Here the thrust plane dips 20" to 
the south-east, with the thrusting of the upper section to the 
north-west. Indications are that it is related to an earlier phase 
offolding (Wallace 1980) . 

AHLMANNRYGGEN AND 
BORGMASSIVET 
The basement complex is not exposed in the crusta! block of the 
Ahlmannryggen and Borgmassivet, but only the platform 
succession of the Ritscherftya Supergroup. 

Folding 
In ,general, the strata dip at very low angles (2° to 10°) to 
between north-east and south-east. Towards the Jutul
straumen and Pencksokket, however, the dips increase 
resulting in a "pronounced monoclinal downwarp to the east" 
(Neethling 1970).ln the area affected by this downwarp, dips 
of up to 500 to the south-east have been reported (Neethling 
1970, Watters 1972). 

Folding of moderate intensity has been reported from the 
south-eastern Borgmassivet (Roots 1969, Bastin in De Ridder 
& Bastin 1968, Minnaar 1973). Both in the area between 
Hogfonna and Flogstallen and between Brapiggen and 
Ryvingen (Fig. 28). large , open. asymmetrical synclines with 
dips of up to 300 have been observed. These trend north-east. 
although the one in the lastnamed area has an arcuate axis 
which changes its trend to east-northeast, before it is 
apparently truncated by the Pencksokket. Similar localized 
open synclines have also been found at Grasteioen (Van Zyl 
1973) and in the Trollkjelpiggen (Watters 1972). 

The restricted occurrence of the synclines and the mono
clinal downwarping to the areas bordering the Pencksokket
Jutulstraumen rift, point to their being a direct result of the 
rift in g. 

It may also be noted that local tilting (to angles of as much as 
45°) and folding have been caused by some oftheBorgmassivet 
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Intrusives. Bredell (1976) ascribed the local folding at 
Grunehogna and at Schumacherfjellet to this cause. 

Faulting, Shearing and Jointing 
The principal structural elements in the Ahlmannryggen
Borgmassivet block are faults. Thev have however seldom 
been encountered in the field as, bei~g zon;s of wea~ess, the 
major ones have been preferentially eroded by glaciers. Their 
existence has been inferred from the strike pattern of nunatak
studded ridges, the strike of interjacent ice-filled valleys (e.g. 
Raudbergdalen and Frostlendet), the discontinuity of rock 
types on opposite sides of glacial valleys, the crudely 
rectangular sides of some massifs and from the trends of 
subglacial vaiJeys. Wolmarans ( 1982), from a vector analysis of 
the latter, found four prominent trends striking 23°,95°, 125° 
and 165°, with subsidiary ones at 45° and 145°. From 
subsequently available Landsat imagery it is clear that the first 
of these trends, being the strike of the Jutulstraumen, should 
be 300 to 35° rather than 25°. A rose diagram of joint directions 
over the whole block gave essentially the same directions as the 
four most prominent subglacial valley directions (Wolmarans, 
1982). The most prominent, as might be expected, are parallel 
to the Jutulstraumen and Schyttbreen. It is thus probable that 
the joints originated from the same stress fields that were 
responsible for the faulting. 

When the joint measurements from the Borgmassivet alone 
are considered, the north-easterly and north-westerly trends 
predominate. The north-easterly is in the direction of the 
Pencksokket, Frostlendet and Raudbergdalen, while the 
north-westerly parallels the upper part of the Jutulstraumen 
and the transverse breaches in the Kirwanveggen and Borg
massivet (Wolmarans, 1982). 

The principal faults divide the platform into crudely 
rectangular blocks which have been differentially tilted and 
elevated. Due to lack of exposures, their throws could not be 
calculated. The faults are evidently mainly normal gravity 
faults. A single case of thrust-faulting has been reported from 
the so~th-eastern Borgmassivet, in the area of downwarping 
bordenng the Pencksokket (Neethling 1970). Aucamp (1972) 
r~ported a series of loca!Jy occurring sinistral strike-slip faults, 
wtth a total horizontal displacement of 55 m. All other faults 
reported from the Ahlmannryggen and Borgmassivet are 
normal. 

ln the Straumsnutane there is also a high degree of shearing. 
rt increases in intensity from west to east (Butt 1962) and, while 
almost non-existent in the western nunataks, it is very severe. 
tending to schistosity in the eastern nunataks bordering the 
Jutulstraumen. The general trend of the shearing is 
approximately 27" and the shear planes dip at about 65° to the 
south-east (Watters 1972). It thus parallels the northern part of 
the Jutulstraumen and is ascribed to the effect of faulting within 
the rift zone, as is the commonly occurring slickensiding. 

The major faults have been repeatedly rejuvenated (Ravich 
& Soloviev 1969, Neethling 1970). The freedom of the platform 
deposits from major folding during the various periods of 
deformation and mobilisation that affected the surrounding 
basement ~om~lex, suggest that the faults and more especially 
the boundmg nfts. took up the stresses, acting as a screen for 
the deformation.+ 
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GEOCHRONOLOGY 
(Contributed by T.P. Elworthy) 

INTRODUCTION 
As part of the multi-disciplinary research programme to 
unravel the geological history of the area, radiometric age 
determinations and isotopic analyses were carried out on 
intrusive and extrusive rocks from the Ahlmannryggen and 
Borgmassivet. A smaller number o[ analyses of the high-grade 
metamorphic and volcanic rocks of the Kirwanveggen have 
also been completed recently. 

The intention here is to review the radiometric age data so far 
reported for western Dronning Maud Land, and to construct a 
preliminary time frame for the geological evolution of this 
area. Although it is only a small segment of the coastal region 
of Antarctica, it is important to set these results in the context 
of the age provinces for the whole of Antarctica, as they are 
presently understood. 

The reader is assumed to be familiar with the basic principles 
of isotope geology and the radiometric systems most commonly 
used in rock dating. Faure (1978) gives further background 
information. 

The ages quoted have, where possible, been normalized to 
conform with the decay constants recommended by the JUGS 
Subcommission on Geochronology (Steiger & Jiiger 1977). In 
some sources, where decay constants have been omitted or 
broad age ranges have been given, say 1 000 to I 200 Ma, this 
has not been possible. Decay constants used were: 

k(87R b) =1,42x1o-ua- l 
k(238U) = 1,55125 X 10-1oa-1 

k (23%) = 4,9475 x I0-11a-• 
k(4°Kf3-) =4,962 x IO- IOa-1 
k(235U) :::9,8485 x 10- 10a-l 

REVIEW OF ANT ARCTIC 
GEOCHRONOLOGY 
The ages and duration of deformations of the rocks constituting 
the igneous and metamorphic basement in Antarctica are still 
rather uncertain . In contrast with other continental shields, 
East Antarctica has revealed, so far, a limited number of rocks 
(less than ten) with apparent ages older than 2 000 Ma. This 
could, in part, be due to insufficient sampling, but may also be 
related to the pervasive later metamorphic events recorded 
over much of Antarctica , especially in the middle Proterozoic 
and early Palaeozoic, resetting mineral radiometric "clocks" to 
give younger apparent ages. The possibility cannot, however. 
be discounted that much of the East Antarctic basement may 
be younger than 2 000 Ma . Krylov (1972) recognized 13 age 
groups from over 600 radiometric age deterrninations on 
igneous and metamorphic rocks distributed over the whole of 
ice-free Antarctica. The East Antarctic rock~ were placed in 11 
age groups, viz. about 3 000; 2 000 to 1 700; 1 600 to 1 500; 
1 200 to I 000; 900 to 800; 700 to 600; 570 to 440; 380 to 360; 260 
to 220; 200 to 160 and 10 to 0 Ma. 

Over 75 per cent of the age determinations were, however. 
by the K-Ar method on whole rocks and mica separates. Many 
of these analyses may be recording the time of argon loss by 
later thermal events, and oot the age of emplacement of the 
rock units. Krylov (1972) stressed that the degree of reliability 
?f each group is not the same. The 3 000 Ma age group. for 
mstance. was based on a single Rb-Sr whole-rock model age of 
3 168 ± 258 Ma on a biotite-granite from Annandagstoppanc 
in western Dronning Maud Land (Halpern 1970), whereas over 
50 per cent of the ages fell between 450 and 550 M a. probably 
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reflecting the resetting of the K-Ar system, used for the 
majority of the early analyses, in response to the wen
documented early Palaeozoic Ross Orogeny. 

Clearly many more analyses, using the U/Th-Pb, Rb-Sr and 
Sm-Nd methods, are necessary before geochronologic-geotec
tonic provinces of Antarctica can be accurately delineated. 
However, the age data so far compiled (e.g. Craddock 1970) do 
suggest the presence of at least three, and possibly more, 
Precambrian and early Palaeozoic periods of orogenesis in East 
Antarctica. Angino and Turner (1994) recognized five 
orogenic events during this period, and Grindley and 
McDougall ( 1969) recogniz.ed three orogenic periods for the 
igneous and metamorphic basement. More recently Ravich et 
al. (1976) have proposed six major cycles of tectogenesis for the 
Gondwanaland shields, five of which they have identified in 
East Antarctica. 

The oldest rocks reported, at the time of writing, for the East 
Antarctic basement have been identified in Dronning Maud 
Land and Enderby Land. Halpern (1970) and more recently 
Allsopp (unpublished data) obtained ages between 2 800 and 
3 200 Ma. using the Rb-Sr whole-rock technique on granites 
from western Dronning Maud Land. Archaean ages have been 
obtained on granitic rocks in the southern Prince Charles 
Mountains (Halpern & Grikurov 1975, Tingey et al. 1976). 
Grew (1978) reported two whole-rock Rb-Sr model ages of 
2 195 ± 135 and 2 195 ± 160Ma, forquartzo-feldspathicgneiss 
from Molodezhnaya Station, Enderby Land, and Sobotovich 
et al. (1974) reported whole-rock Pb-Pb dates of about 4 000 
Ma on enderbite, pyroxene gneiss and garnet-pyroxene gneiss 
from Bnderby Land. This last date has, however, been 
disputed on the validity of the lead model employed in the age 
calculation and has yet to be independently confirmed. 

Crystalline rocks in the range 900 to 1 000 Ma are reported 
over a wide extent in East Antarctica, particularly in Dronning 
Maud Land (AIIsopp & Necthling 1970, Eastin et al. 1970, 
Bredell 1976), Enderby Land (Grew 1978}, MacRobertson 
Land (Grew & Man ton in prep. Wilkes Land {Angino & Turner 
1964), Victoria Land (Deutsch & Webb 1964) and at other 
isolated exposures around the eastern coastal margin. 

An extensive period of metamorphism and plutonism during 
the early Palaeozoic ( 450 to 550 Ma ago), is recorded by whole
rock and mineral analyses across much of the Eastern Antarctic 
crystalline basement and through the Transantarctic 
Mountains (Goldich et al. 1958, Nicolayscn et al. 1961, Deutsch 
& Webb 1964, Saito & Sato 1964, Pasteels & Michot 1968, 
McQueen et al. 1972, Grew 1978). Elliot (1975) however, 
suggested that only along the Ross-Weddell Sea margin is there 
a true record of orogenesis, the Ross Orogeny, marked by 
deformation and batholith intrusion. The ages of most of these 
granite plutons and batholiths are based on K-Ar dates, which 
may have been reset during the Ross Orogeny. However, 
Rb-Sr whole-rock isochron ages between 450 and 480 Ma 
(Faure & Gair 1970, Gunner 1971}, suggest that the 
emplacement of some plutons did occur during the Ross 
Orogeny. 

Elliot ( 1975) recognized three further periods of orogenesis 
in the Transantarctic Mountains, West Antarctica, and the 
Antarctic Peninsula. termed the Borchgrevink (c. 385 Ma to 
300 Ma ago). Gondwanian (c. 190 to 140 M a ago) and Andean 
(c. 140 to 70 Ma ago) Orogens. getting successively younger 
away from the shield. Age data by Grikurov et al. (1967), 
Halpern (1968), Craddock (1970), Faurc and Gair (1970). 
Faure et al. (1972), Rex and Barker (1973), and others, have 
helped delineate the areaJ distribution of these orogenic 
episodes. 
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Younger rocks of late Mesozoic to early Cainozoic age are 
recorded along the Pacific margin of Antarctica, and in the 
Scotia Sea area. Extensive exposures of volcanic rocks, of 
Middle and Late Jurassicage, crop out on the west coast of the 
Peninsula as far south as Marguerite Bay, and possibly form 
much of the core of the Peninsula to the south. Plutonic rocks 
constitute the major part of the Peninsula and are also present 
in the South Shetland Islands (ELiiot 1975). Radiometric 
dating, reported by Adie (1972), Halpern {1972), Krylov 
(1972) and Rex (1972), now indicates intrusion ofsomcofthese 
plutons between early Jurassic and early Cainozoic times. 
Elliot (1975) has postulated five separate episodes of plutonic 
activity in this region. 

Late Jurassic and Cretaceous plutonic bodies are also 
widespread in Marie Byrd Land and the Eights Coast. 
Radiometric dates have been compiled by Craddock (1970). 
with additional data given by Halpern (1972) and Wade and 
Wilbanks (1972). These dates fall between 166 and 88 M a, but 
few arc whole-rock isochrons. Cainozoic volcanic rocks, 
dominantly basic, crop out extensively in Victoria Land, West 
Antarctica, the Antarctic Peninsula and the South Shetland 
Islands. Isolated outcrops also occur in the central 
Transantarctic Mountains, and on the East Antarctic coast at 
about WOE. 

RADIOMETRIC AGE DETERMINATIONS 
IN DRONNING MAUD LAND 
The Ablmannryggen and Borgmassivet 

A number of radiometric age determinations of the intrusive 
and extrusive rocks in the Ritscherflya Supergroup have been 
made since 1967. All the ages reported, as well as the dating 
methods. rock types and sample locations, are given in Table 
18. The ages are shown at their corresponding sample locations 
in Fig. 61. 

The oldest rocks so far reported from western Dronning 
Maud Land are from a region of Archaean basement, located 
to the west of the Ahlmannryggen and Borgmassivet (Fig. 61). 
Allsopp (unpublished data) has recently obtained a Rb-Sr 
whole-rock isochron age of 2 768 ± 88 Ma (2cr), and an initial 
87Sr/86Sr ratio of 0,7069 ± 0,0073 (2o) for six samples of granite 
from Annandagstoppane (2; Table 18). Halpern (1970) earlier 
reported .a Rb-Sr model age of 3 168 ± 95 M a for a sample of 
biotite granite from Annandagstoppane (I; Table 18}. This 
somewhat higher age, however, results from the slightly lower 
initial B7Srf86Sr ratio of 0,704 assumed in the model-age 
calculation. Halpern's analysis plots, within experimental 
error, on the trend of Allsopp's whole-rock isochron. 

The remaining ages in Table 18 appear to define, broadly, 
three Precambrian episodes of igneous or tectono-thermal 
activity in the Ahlmannryggen and Borgmassivet, at about 
I 700, l 000 to 1 200 and 800 to 850 Ma ago, as previously 
suggested by Neethling (1970, 1972b). A large proportion of 
these age determinations were made, however, by the K-Ar 
method, and the 40ArP9Ar incremental heating technique. 
Ages obtained by both methods are often equivocal, due to the 
problems inherent in quantitatively retaining the inert 40Ar 
daughter isotope, a gas. in mineral lattices, particularly if the 
sample has had a poly-metamorphic history. Bredell (1976). 
for instance. reported complex 40Ar/39Ar age spectra for two 
samples of diorite sills. and two samples of severely altered 

Fig. 61 Locality map of radiometric age determinations from the 
Ahlmannryggen, Borgmassivet and Kirwanveggcn. 
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Table 18 
Radiometric age determinations from the Ahlmannryggen and Borgmassivet 

Location 

1. Annandagstoppane 

2. Annandagstoppane 

3. Krylen 

4. Jekselen 
Bn'tpiggen 
Vet en 

5. Utkikken 

6. Jekselen 

7. Fasettfjellet 

8. Framskottet 
Spiret 
Nalegga 
Pyramiden 
Knallen 
Fingeren 
Nashornet 

9. Ovenuten region 

10. Grunehogna; Nils 
Jorgennutane 

11. Boreas 

12. Jekselen 
Istind 

13. Yts.tenut 

Rock Type 

Biotite granite 

Granite 

Dolerite 

Dolerite 
Dolerite 
Dolerite 
Altered andesite 

Andesite 

Andesite 

Maficsill 
Maficsill 
Maficsill 
Maficsill 
Maficsill 
MaficsiU 
M a fie sill 
Claystone/ 
siltstone 
Granodiorite 

Dolerite 

Amygdaloidal 
and mafic sills 
Dioritesill 

Method 

Rb-Sr(R) 

Rb-Sr(R) 

K-Ar(h) 

Rb-Sr(R) 

Rb-Sr(R) 

40ArP9Ar(R) 

Rb-Sr(R) 

Rb-Sr(R) 

K-Ar(R) 

Rb-Sr 

K·Ar(py) 

Rb-Sr(R) 

40Arf39Ar{R) 

14. Pencks6kkct Schistosesiltstone K-Ar(R) 

15. Grunehogna 

16. Straumsnutane 

17. Istind 

18. Pencksokket 

19. NilsJorgennutane 

Symbols 

Dolerite sill 

Andesitic lava 

Altered 
amygdaloidal sill 
Diaphthorite 
Phyllite 
Pyroxene sycnite 
Nepheline syenite 
Homfels 
Biotite schist 
Akali pegmatite 
Olivine dolerite 

• = Ages quoted as in original text 
R =Whole-rock 
py = pyroxene 
h = hornblende 

Rb-Sr(R) 

-«!Arf39Ar(R) 

K-Ar(R) 
K-Ar(R) 
K-Ar(R) 
K-Ar(R) 
K-Ar(R) 
K-Ar(R) 
K-Ar(R) 
K-Ar(R) 

Age(Ma) 

3168±95 

2768±88 

1 701* 

1672±79 

1664±50 

1339±55* 
1140±56 
806 ± 28 
1169±35 

1073±40 

1 o5o• 

1 018±116 

1 012* 
1007* 
988±60 

924±8* 
761±22* 
860* 

832±4* 
716±10* 
821±58 

603±24 

590* 
515* 
420* 
340* 
330* 
260* 
225* 
192±8 

Remarks 

Model age 
(Ro=0,704) 
Isochron 
(6samples) 
Possible age of 
crystallisation 
lsochron 
(6samples) 

Model age 

Complex age 
spectra showing 3 
partial overprints 
Model age 
(Ro= 0.704) 
Isochron 

Probable 
overprint 
ErrQrchron 
(6samples) 
Probable 
overprint 
Errorchron 
(8samples) 
Partial 
overprints 
Probable 
overprint 
Partial overprints 

1sochron 
(8samples) 
Major overprint 

Complete or 
partial overprints 

Age of 
crystallization(?) 

Reference 

Halpern (1970) 

Allsopp (unpublished 
data) 
McDougall ( 1969) 

Allsopp & Neethling 
{1970);Eiworthy 
(unpublished data) 
Eastin et a/ ( 1970) 
(Ro=0,710) 
Bredell(l976) 

Bowman (1971) 

Elworthy (unpub-
lisheddata) 

Ravicb & Krylov 
(1964) 
Allsopp & Neethling 
(1970) 
McDougall (1969) 

Allsopp (unpublished 
data) 
Bredell (1976) 

Ravich & Krylov 
(1964) 
BredeU (1976) 

Eastin et a/ (1970) 

Bredell (1976) 

Ravich & Krylov 
(1964) 

Faure et a/ (1979) 

Note: Rb-Sr ages calculated assuming A87Rb = 1,42x 10-11a-1• Errors quoted at the 95 per cent confidence limits (2o). 
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andesitic rock, from the Borgmassivet Intrusives (Table 18), 
showing age components ranging between 900 and 1 300 Ma 
and 600 and 830 Ma. These were interpreted as the times of 
partial or complete thermal overprinting. No emplacement age 
could be determined for any of the samples, although be 
suggested that the andesite from Jekselen, which yielded an 
upper age component of 1 339 ± lO Ma, may have been 
intruded as early as c. 1 700 Ma ago. rn the absence of 
concordant ages from alternative methods, the K-Ar and 
40Arf39Ar ages in Table 18 can only be regarded as minimums 
for these samples. 
' While K-Ar ages are often contentious, more reliable results 
are usually obtained by the whole-rock Rb-Sr isochron 
method. So far only three isochron ages have been reported 
from the Ahlmannryggen and Borgmassivet. Allsopp and 
Neethling { 1970) obtained ages ofl 704 ± 233 and 1 018 ± 116 
M a for samples of altered mafic sills (Borgmassivet Intrusives), 
and intrusive syenite plugs (Nils Jorgennutane suite) 
respectively, from nunataks in the Jekselen-Grunehogna area 
(Fig. 61 ). Eastin et al. (1970) reported an age of821 ± 58 Ma 
for andesitic Javas from the Straumsnutane Formation (Fig. 
61). The Rb-Sr data, together with data from a recent study at 
the Bernard Price Institute of Geophysical Research, will be 
discussed in the sections that follow. 

The remaining ages listed in Table 18 are early, whole-rock 
K-Ar analyses, reported byRavich andKrylov (1964). Diverse 
samples from localities in the Pencksokket region yielded ages 
ranging between 200 and 600 Ma. These, again, may be 
recording later thermal events as well as possibly reflecting 
periods of argon loss. They are therefore difficult to relate to 
specific events, without concordant data from alternative 
methods. 

A single K-Ar Jurassic age of 191 Ma has been reported by 
Aucamp (1972) for an olivine dolerite from Nils Jorgennutane 
in the Ahlmannryggen (Fig. 61 ). 

Rb-Sr isotopic analyses 
All the published Rb-Sr isotopic analyses of igneous rocks of 
the Ahlmannryggen and Borgmassivet, together with some 
new data by Allsopp et al. (unpublished) and the author have 
been compiled in Table 19. The first three suites (except for the 
new analyses 11 and 12) are grouped as originally published. 
Suite four comprises nine new analyses of sill samples of the 
Borgmassivet In~rusives, from the neighbouring Jekselen and 
lstind nunataks (Fig. 61). The remaining eight analyses made 
by the author on Sl!-mples of mafic sills of the Borgmassivet 
Intrusives, from various localities in the Ahlmannryggen and 
Borgmassivet, have been arbitrarily assigned to a fifth suite. 

The ages quoted for each suite in Table 19 have been 
recalculated using the regression technique of York (1966), 
and a decay constant for 87Rb of 1,42 x 10-11a - 1. Experi
mental uncertainties of0,0003 for the 87Srf86Sr ratio, and 1,5 per 
cent for the 87Rbf86Srratio, (both 1o values) have been assumed 
in the age calculations. Following Brooks et al. (1972) a 
distinction has been made between isochrons and errorchrons. 
For an isochron the data define a linear array, within the 
prescribed limits of experimental error, on a plot of 87Sr/86Sr 
against 87Rb/86Sr. For errorchrons, however, the data do not 
define such a Linear array and "geological error" must be 
assumed. Thus, either some of the samples concerned do not 
obey the criteria for dating, e.g. they have not remained closed 
systems to the elements Rb and Sr due to subsequent 
metamorphism or alteration, or they do not belong to the 
geological formations to which they have been assigned. The 
distinction between isochrons and errorchrons is made by the 
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comparison of the computed mean sum ofthe deviates (MSUM; 
York 1966. Brooks et al. 1972) with the F-variate defined by the 
number of samples regressed and the assessed experimental 
error. For isochrons MSUM will be less than the appropriate 
value for F and vice versa for errorchrons. 

A possible c. I 000 Ma event 
Of the five suites of igneous rock so far analysed, three give 
similar ages of 988 ± 60, 1 018 ± 116 and 1 073 ± 40 Ma and 
almost identical initial 87Srf86Sr ratios within the range of0,7100 
± 0,002 (Table 19). Based on the above criteria, however, t he 
first two ages are errorchrons, implying a certain amount of 
geological error in the data. This is perhaps not surprising, 
since the suites have been rather arbitrarily grouped and 
represent composites of different rock types from, in some 
cases, widely dispersed nunataks in the Ahlmannryggen and 
Borgmassivet. Furthermore, the samples, the only ones 
available, tended to be small (often only fist-sized) and may 
have experienced a certain amount of open-system behaviour. 
Two samples (31 and 39; Table 19), for instance, were clearly 
anomalous and have been omitted from the regression cal
culations. 

If the Rb-Sr analyses for the three suites, 21 in all, are taken 
together they define an errorchron (MSUM = 3,25; F = 2,1), 
yielding an age of 997 ± 44 M a and an initial 87Srf86Sr ratio of 
0,7109 ± 0,0008 (Fig. 62). This errorchron will serve as a useful 
reference line from which the. additional analyses presented in 
Table 19 can be distinguished. The initial S7Sr86Sr ratio is 
anomalously high for mantle-derived rock of this age. This will 
be discussed in a following section. 

Although the limited data preclude defining absolute ages of 
intrusion for any one sill, they do confirm that igneous or 
tectono-thermal activity was widespread within the 
Ahlmannryggen and Borgmassivet at about 1 000 Ma ago. As 
evidenced by the distribution of ages in Table 18, this activity 
may have been intermittent over a period as long as 950 to 
1200Maago. 

A possible c. 1 700 M a event 
McDougall ( 1969) was the first to present evidence that some 
of the igneous rocks emplaced in the Ritscherflya Supergroup 
may be substantially older than 1 000 Ma. K-Ar analyses of 
hornblende from a dolerite sill at Krylen (Fig. 61) yielded an 
age of 1 701 Ma. In view of the very low K content, and the 
strongly altered nature ofthis sample, it was thought possible, 
however, that this mineral contained excess 40 Ar, leading to an 
anomalously high age. 

Allsopp a nd Neethling (1970) subsequently obtained a 
Rb-Sr whole-rock age of 1 704 ± 233 M a for four samples (7 to 
10; Table 19 and Fig. 62) of an altered mafic sill at Jekselen, 
apparently confirming McDougall's result. However, as can be 
seen from Fig. 62, the Rb-Sr data defining this age are also 
equivocal. Sample 10, a critical point in defining theslopeofthe 
isochron, plots equally well on the 997 Ma errorchron. 
Furthermore, additional samples reported to have been taken 
from the same sm at Jekselen (25 and 26; Table 19) plot at the 
high 87R.bf86Sr end of the 997 Ma trend. From field relationships 
it has been documented (Wolmarans pers. comm.) that the 
amygdaloidaJ rocks, from which samples 23 and 24, as well as 
27 to 30 (Table 19) were taken. are. in fact, from the upper 
amygdaloid a! phase of the same sill from which samples 7 to 10 
and 25 and 26 were collected. The data for the amygdaloidal 
rocks all fall on the 997 Ma errorchron, but near its intersection 
with the c. 1700 Ma isochron. 

Two additional samples of altered mafic sills (11 and 12; 



78 
S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

Table 19 
Rb-Sr isotopic data for intrusive and extrusive rocks from the Ahlmannryggen and Borgmassivet 

Sample Field Locality 87RbJl!OSr 117SrJ86Sr* Rock Type Age(Ma)and Reference No. No. (atomic) Remarks 
1 N257A Nils Jorgennutane 1,611 0,7330 Syenite 1018 ± 1181 1 2 N259A Nils Jorgennutane 1.5~ 0.7324 Syenite (Errorchron) 
3 N326A-a Grunehogna 1,600 

1 
0.7345 Syenite Ro = 0,7098 1 4 N326A-b Grunehogna 1,824 0,7358 Syenite ±0,0024 I 5 N326A-c Grunehogna 1,543 0.7316 Syenite MSUM =3,27 l 6 N326A-d Grunehogna 0.759 0.7209 Sycnjte F=2,87 I 

7 N70A Jekselen 1,342 0,7340 Maficsill 1672 ±79 1 8 N71A Jekselen 1,653 0,7405 Maficsill (Isochron) 
9 N402A Jekselen l ,610 

l 
0,7383 Maficsili Ro =0,7008 1 10 PM2A Jekselen 0,903 0,7219 Maficsill ± 0,0011 MSUM 1 11 Bl Brapiggen 0,234 0,7065 Maficsill = 2,52 5 12 ERVElJ Veten 1,237 0,7313 Maficsill F= 2,87 5 

13 88 Bolten 2,496 0.7374 Andesitic lava 2 14 SN39 Sn0kallen 0,756 0,7210 Andesitic lava 821 ±58 (Isochron) 15 SN20 Sn0kallen 2,756 
2 

0.7446 Andesitic lava Ro = 0,7105 2 16 SN6 Sn0kallen 0.852 0,7205 Andesi~ic lava ±0,0020 2 17 SN5 Sn0kallen 1.623 0,7285 Andesitic lava MSUM = 2,02 18 SJ22 Sn0kjerringa 1,502 
2 

0,7281 Andesitic lava F= 2,60 2 19 SJ ll Sn0kjerringa 5,241 0,7725 Andesitic lava 2 20 SLl Nunatak820 1,560 0,7284 Andesitic lava 2 21 FA1 Fasettfjellet 1,505 0,7292 Andesitic lava Possibly coeval 4 
821 Masuite 

22 U3 Utkikken 0,761 0,7282 Andesitic lava 1664 ± 35 2 
(Model age) 
Ro = 0,710 

23 Jl Jekselen 0.540 0,7189 Amygdaloidal sill 988 ± 63 24 114 Jekselen 3 
0,798 0,7213 Amygdaloidal sill (Errorchron) 25 Jl5 Jekselen 3,205 

3 
0,7565 Maficsill Ro = 0,7107 3 26 J1 7 Jekselen 2,865 0,7514 Maficsill ±0,001 3 3 27 J18 lstind 0,996 0,7251 Amygdaloidal sill 3 28 IN19 lstind 1,010 0,7252 Amygdaloidal sill ± 0,001 3 

29 IN20 lstind 0,878 0,7246 Amygdaloidal sill 3 30 IN21 Istind 0.975 0,7250 Amygdaloidal sill 
31 IN 3 

Jekselen 4,454 0,7358 Malic sill Anomalous 3 

32 HABlB Framskottet 0,710 0,7208 Maficsill 5 33 HAB 26D Spiiet 0,838 0,7231 Maficsill 1073 ±40 5 34 ERNAL 1 Nalegga 0.886 0,7238 Maficsill (Isochron) 
35 HAB1505 A Pyramiden 1,949 

5 
0.7400 MaficsiJJ Ro =0.7100 5 36 HAB479G Knallen 1,008 0,7254 Maficsill ± 0,0006 5 37 ERFING8 Fingeren 1,539 0,7339 Malic sill 5 38 Nl9/cx:2 Nashomet 1,251 0,7288 Mafic siU 5 39 IJ Iskollen 1.766 0.7660 Maficsill Anomalous 

*Normalized to conform with a 88Srfi1•Sr ratio of 8,375. 
"'*Age calculated assuming errors of 0.0003 in A7Srftii!Sr ratio and 15 per cent in ~7RbJS6Sr ratio in York (1966) regression. Errors 

quoted at tb_e 95 pe~ cent (2o) confidence level. Age calculated using quoted errors of 0,0001 in B7Srf86Sr ratio and 1 per cent in 
87Rbf86Sr ratJo (Easun et al. 1970). 
References 
1. Allsopp & Neethling ( 1970) 
2. Eastin. Faure & Neethling (1970) 
3. Allsopp (1971 , unpublished data) 
4. Bowman (1971 ) 
5. N~~ data presented here. These data are stored in the National Isotopic Data Base. 
Locahtres are shown in Fig. 61. 
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Table 19) from BrApiggen and Veten in the Borgmassivet have 
been analysed. They both fall on the 1 700 Ma trend (Fig. 62). 
Together with Allsopp and Neethling·s (1970) four analyses, 
they define liD isochion (MSUM = 2,52; F = 2,87) yielding an 
age of 1 672 ± 79 Ma and an initial b7Srf!l6Sr ratio of 0,7008 ± 
0,0012. Sample 11. with a very low 87R bf86Sr ratio, is especially 
important in defining the slope of the isochron. These data 
seem to offer some support for the c. 1 700 age. 

The age of the Straumsnutane and Fasettfjeller Formations 
The additional data, presented in Table 19 and Fig. 63, were 
obtained by Eastin er al. (1970) on eight samples of andesitic 
lava of the Straumsnutane Formation (Fig. 61). They all plot 
below the 997 Ma errorchron and regress to an isochron 
(MSUM = 2,01; F = 2,6) yielding an age of 821 ±58 M a and an 
initial 87Srf86Sr ratio of 0,7105 ± 0,0020 {Fig. 63). Bowman 
(1971) reported a single Rb-Sr whole-rock analysis of an 
andesite (21; Table 19), from the Fasettfj c llet Formation, for 
which he calculated a model age of 1 169 ± 35 Ma (Table 18), 
assuming an initial ratio of0,704. Within experimental error, 
however, this analysis plots on the trend of the 821 M a isochron 
(Fig. 63), and indicates that the Fasettfjelle t Formation may be 
coeval with the Straumsnutane Formation. 

Primary VSrf86Sr ratios 
The four rock suites giving ages between 820 and 1 070 Ma 
(Table 19) show almost identical initial M7SrfB6Sr ratios, within 
the range 0,710 ± 0,002. This is anomalously high for mantle
derived rocks of this age. Faure (1978) suggested a present 
mean 87Srf86Sr ratio of 0,7040 ± 0,002 for the upper mantle, 

0,770 

Borgmassivet 
lnstrusives (e ) 
Age = 1672 ± 79 Ma 
Ao = 0,7008 ±0,0011 
MSUM = 2,52 
F = 2.87 
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with a time-averaged Rb/Sr ratio of 0,027 ± 0.011 . 
To account for the high initiai 87Srf&>Sr ratios, three possible 

interpretations nave been considered. There may be equally 
plausible alternatives. 

Firstly, these rocks may have been emplaced from a sub
crus tal source prior to 1 000 Ma ago, and then experienced an 
approximately 800 to 1 100 Ma metamorphic episode (or 
episodes?) which rehomogenized their Sr-isotopic systems on 
a whole-rock scale. Post-emplacement regional metamor
phism of the sedimentary and igneous rocks of the Ahlmann
ryggen has been noted by Allsopp and Neethling (1970). 
However, C. Frick (pers. comm. to Allsop and Neethling 1970) 
has estimated that temperatures during the metamorphism did 
not exceed 480°C. 

A second possibility is that the high initial ratios reflect 
mixing of the source magma , during emplacement, with sedi
ments from continental crust enriched in radiogenic Sr. In this 
interpretation the c. 1 000 Ma errorchrons would represent 
mixing Lines, wifh the original magma source and the. crusta! 
component as end members, whose ages have no true geologic 
meaning. Neethling (1972c) has also presented geochemical 
data for the Borgmassivet lntrusives, which suggest that they 
were derived from a contaminated mantle-type magma. 

Bredell (1976), for instance, stated that the felsic rocks of the 
Nils Jorgennutane suite invariably represent a local 
" rcmobiJised differentiation product", which originated from 
the reaction between the m a fie intrusives and the sediments. A 
problem arises, however, in t rying to explain both the 
uniformity and elevation of the initial 87Srf!l6Sr ratios obtained 
for these suites by a contamination process. More detailed 
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Fig. 62 Rb-Sr whole-rock isotopic analysis of the Borgmassivet Intmsivcs. Sample numbers as in Table 19. 
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Age :: 821 ± 58 Ma 
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evidence is difficult to resolve. As discussed previously, 
however, some of the isotopic data, particularly the Rb-Sr 
analyses defining the c. 1 700 Ma isochron, is equivocal. This 
age is based on six analyses, four of which were on samples 
from an altered mafic sill at Jekselen , from which additional 
samples yielded c. 1 000 Ma ages. It could be, therefore, that 
the c. 1 700 Ma age is fictitious. resulting from a chance 
alignment of anomalous data points, and that all the igneous 
imrusives in the Ahlmannryggen and Borgmassivet are c. 1 000 
M a old. The c. 1 700 Ma K-Ar age from the mafic sill at Krylen, 
however, does offer some support for the older age. 

An alternative possibility is that the c. I 700 Ma age 
represents the origina.l age of emplacement of the intrusives, 
preserved by the isotopic systems of some outcrops, the 

o.700'----"-----'----..l---...L...---.l...--...J majority of which are of rocks that underwent complete Sr 
0 2 3 4 5 6 homogenization during a subsequent tectono- thermal episode, 

Ro = 0,71051 ± 0,00194 
MSUM = 2,01 
F = 2.60 

87Rb,t86Sr 

Fig. 63 Rb-Sr whole-rock isochron for samples of andesitic lava 
from the Straumsnutane Formation. Sample numbers as in Table 
19 (after Eastin et al. 1970). 

geochemical studies, especially incompatible-element and 
inter-element ratios, together with the Sr-isotopic data, will be 
necessary to resolve whether both the uniformity and elevation 
of the initiai 87Srf86Sr ratios can be explained by a contamination 
process alone. 

Thirdly, the possibility must be considered that the source 
region of these rocks about 800 to 1 100 Ma ago had an 
anomalously high ~7Srf86Sr ratio. Modern ocean-floor and 
ocean-island basalts give a present-day 87Srf86Sr ratio for sub
oceanic mantle regions between 0, 7025 and 0,706 (Hofmann & 
Hart 1978). However, recent evidence from Jurassic Karoo 
volcanics in southern Africa (Erlank et al. 1980) has shown 
initiai 87Srf86Sr ratios ranging from 0,7034 to 0,71 12, which have 
been interpreted to show horizontal heterogeneity in this 
region of the mantle. The scale, time and mechanisms for the 
development of heterogeneities in sub-continental mantle 
regions is the subject of much current interest. For instance, 
Erlank et al. (1980) have suggested that mantle-metasomatic 
processes may play an important role in enriching incompat.ible 
elements. It is clear, then, that the possibility that these rocks 
were emplaced into the sediments of the Ahlmannryggen 
Group, at about 800 to 1 lOO Ma ago, from a Rh-enriched sub
crusta! (or lower crusta!?) source cannot be ruled out. 

The initial 87Sr/86Sr ratio of 0,7008 for the samples defining 
the 1 700 Ma age is normal, or even slightly low, for mantle
derived rocksofthis age (see Faure & Hurley 1963). T his would 
usually be interpreted as the age of crystallization for this suite. 

Discussion 

The radiometric ages reviewed here suggest that there were at 
least three Precambrian episodes of igneous or tectono
thermal activity within the Ahlmannryggen and Borgmassivet, 
at about 800 to 850, I 000 to 1 lOO and c. I 70() Ma ago. 
Whether these episodes were characterized by the emplace
ment of plutonic or volcanic rocks is. however, open to 
question. According to Wolmarans (pers. comm.) there is, as 
yet, no field evidence for more than one period of intrusive 
igneous activity during the Precambrian. 

With the limited amount of data presently available, 
particularly the absence ofRb-Sr isochrons for individual mafic 
sills. the apparent inconsistency between the age data and field 

at about 1 000 Ma ago. This would be in accordance with the 
field evidence showing only one intrusive episode, and may 
also explain the elevated initial 87Srf86Sr ratios for the c. 1 000 
Ma suites. Simple Sr isotopic growth calculations for the rocks 
defining the c. 1 000 Ma suites, although inconclusive, suggest 
that they could have had maximum crusta! prehistories of 
between 500 and 700 Ma, which would agree with emplace
ment c. 1 700 Ma ago. As discussed previously, post
emplacement regional metamorphism has been documented 
for the rocks of the Borgmassivet lntrusives, but this is thought 
to have been fairly low grade, with temperatures probably less 
than 500oC. Whether these temperatures were sufficient to 
effect complete Sr homogenization on a whole-rock scale is 
questionable and beyond the scope of this text. 

In neither of the above interpretations can a satisfactory 
explanation be given for the apparently younger (c. 820 Ma) 
age of the volcanic rocks of the Straumsnutane Formation. 
Either they represent a later igneous episode, or were 
overprinted during a subsequent. metamorphism. The almost 
identical initial 87Srf86Sr ratio to that for the c. 1 000 Ma suites 
must, in either case, be accounted for. Future work should 
clearly be aimed at this. 

A major problem in the understanding of the chronology of 
events in the Ahlmannryggen and Borgmassivet has been the 
Jack of a systematic approach to sample collection. Due to the 
problems in~erent in Antarctic field work, the rocks available 
for analysis have tended to be small, both in size and number, 
and were collected from individual nunataks dispersed over a 
large area (Fig. 61) . Combining samples from several neigh
bouring localities has yielded a few Rb-Sr whole-rock error
chrons showing predominantly c. 1 000 Ma ages, and perhaps 
evidence for an older age. This coverage has, so far , been 
insufficient to reveal any distinct geographic pattern of ages, or 
the existence of age ''provinces". A further comprehensive 
sample-collection programme, expressly for geochronology, is 
called for if these problems are to be resolved. 

There is clearly also a need for more concordant data on the 
samples which have indicated c. 1 000 M a ages by the K-Ar and 
4\lArf39Ar methods, using the Rb-Sr and U-Th-Pb (and possibly 
also the Sm-Nd) methods. The latter might prove especially 
useful to "see through" subsequent overprinting events, or 
Ar-Joss, that have been recorded hy the K-Ar system. 

The Kirwanveggen 
Rb-Sr whole-rock analyses have been made on three suites of 
gneiss of the SverdrupfjeHa Group from the Kirwanveggen 
(Table 20). Prior to this study, no geochronological data were 
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Table20 
Whole-rock Rb-Sr analyses of gneiss from the Sverdrupfjella Group, Kirwanveggen° 

Location Field No. 81Rbf80Sr 81SrJ86Sr* Sr(totaJ) Rb(totaJ) Age (Ma) .. and 
(atomic) (ppm) (ppm) Remarks 

Hs10 0,540 0,7123 542.4 103,0 
HS28 1,650 0,7293 175,8 102,0 

Hallgrenskarvet A 

HS29 1,826 0,7316 177,0 113,4 1048 ± 21 
HS32 2,029 0,7349 111,0 79,1 (lsochron) 
HS40 2,328 0,7406 131,6 107,5 Ro = 0,7046 ± 0,0004 
HS40(D) 2,297 0,7409 134,0 108,1 MSUM=0,974 
HS42 4,617 0,7739 111,2 179.6 
HS47 0,307 0,7095 371,2 40,1 
HS49 2,377 0,7399 171,6 143,2 
HS59 0.158 0,7071 326,0 18,1 

Hallgrenskarvet B HS39 2,632 0,7411 125,8 116,3 
HS39(D} 2,597 0,7407 127,5 116,3 876± 16 
HS44 0,735 0,7177 385,6 99,7 (Isochron) 
HS44(D) 0,741 0,7177 385,3 100,5 Ro = 0, 7085 ± 0,0004 
HS58 4,684 0,7674 134,0 219,7 MSUM = 0,28 
HS58(D) 4,672 0,7669 134,8 218,0 F = 3,49 
HS57 2,843 0,7454 206,5 206,0 Anomalous 

Neurnayerskarvet NE4J 0,408 0,7101 336,2 47,4 1018 ± 64,456 
NE22J 0,456 0,7099 456,9 72,1 (Isochron) 
NE18J 0,862 0,7161 367,1 109,4 Ro = 0,7040 ± 0,0007 
NE19J 2,712 0,7438 171,3 160,4 MSUM =2,55 
NE3J 0,297 0,7087 617,2 63,3 Anomalous 
NE25J 0,553 0,7124 346,3 66,2 
NE 1,234 0,7254 250,9 106,8 

0,7254 

HE 50 0,112 0,7061 424,4 16,5 1173± 151 
0,7063 (Isocbron) 

Heksegryta 

HE51 0,554 0,7135 627,6 120,4 Ro = 0,7038 ± 0,0009 
HE 52 0,651 0,7146 648,0 146,1 MSUM =2,42 
HE55 0,311 0,7089 723,6 78,0 F=3,10 
HE 59 0,184 0,7066 838,8 53,4 

0,7062 

* Normalised to conform with a sssr!86Sr ratio of 8,375. 
• • Age calculated assuming an error of 0,0003 in 87Srf86Sr ratio and 1,5 per cent in 87Rb/86Sr ratio, in York (1966) regression. Errors 

quoted at 95 per cent confidence limits (2o). 
0 These data are stored in the National Isotopic Data Base. 

(D) Duplicate analyses. 

available on the basement rocks of this Group. Samples from 
these areas, viz. Neumayerskarvet, Hallgrenskarvet and 
Heksegryta (Fig. 61), were analysed for their Rb and Sr 
concentration, and Sr isotopic composition by XRF and 
isotopic dilution . The isotopic data have been reproduced in 
Table20. 

Neumayerskarvet 
Six samples of leucocratic gneiss from Neumayerskarvet define 
an isochron (MSUM = 2,55; F = 2,87) yielding an age of 1 018 
± 64 Ma, with an initiai 87Srf86Sr ratio of 0, 7040 ± 0,0007 (Fig. 
64). One sample, NE 261, diverges very widely (more than lOo) 
from the mean trend of the regressed Line for the other six 
samples. The R7Srf86Sr ratio measurement was duplicated, and 
found to agree within the limits of experimental error. With 
regard to the Rb and Sr concentrations measured by XRF, all 
were made in duplicate and agreed to within 0.5 per cent. 
Therefore experimental error can be ruled out as the cause of 
the wide divergence of this analysis. It is possible that this 
sample does not meet the requirements for radiometric dating, 
or has been incorrectly assigned to this suite. Pending a more 
detailed investigation, this sample has been omitted from the 
regression calculation and will not be considered further here. 

Heksegryta 
The Heksegryta nunataks Lie about 80 km to the south-west of 
Neumayerskarvet in the Kjrwanveggen. Five samples of the 
high-grade gneiss from this area define an isochron (MSUM = 

2,42; F = 3,10) yielding an age of 1 173 ± 15 Ma, and an initial 
B1Srf86Sr ratio ofO, 7038 ± 0,0007 (Fig. 65). The Rb-Sr ratios for 
these samples are all small, and there is accordingly a very small 
spread in the measured 87Srf86Sr ratios. This, together with the 
small number of samples analysed, gives a fairly large 
uncertainty in the calculated age. 

Hallgrenskarvet 
The third suite of gneisses studied was from the Hallgrenskarvet 
nunataks, lying between Neumayerskarvet and Heksegryta. 
Thirteen samples were analysed in all (together with four 
duplicate analyses). The data appear to scatter quite markedly. 
Nine samples (group A, Table 20) define an isochron (MSUM 
= 0,97; F = 2,51) yielding an age of 1 048 ± 21 Ma, and an 
initial ~7Srf86Sr ratio of0,7046 ± 0,0004 (Fig. 66). Sample HS40 
lies slightly above (c. 3o) the mean trendoftheisochron, but has 
been included in the regression analyses. Thin-section exami
nation of this sample shows signs of moderate alteration. 

Three samples, HS39, HS44 and HS58 (Group B: Table 20) 
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Age== 1018 ± 84 Ma 
Ro = 0,70397 ± 0,00071 
MSUM = 2,55 
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mineral ages, between 460 and 485 M a with a mean of 475 ± 14 
Ma (Table 21). 

It is interesting to note that two samples, HS44 and HS58, 
whose whole-rock analyses define the apparent 876 Ma age, 
also show resetting of their biotite Rb-Sr isotopic system at 
about 480 Ma ago. 

Discussion. 
The three whole-rock Rb-Sr isochrons obtained on the three 
suites of the Sverdrupfjella Group gneiss show ages, between 
1 018 and 1173 Ma, and initial 87SrJ86Sr ratios, within the range 
0,7038 to 0,7046, that are concordant at the 95 per cent 
confidence limits. 

A lack of geochemical data has made deductions on the 

0.700 "----:':------:-":-----:-1:----~--...J-::--....l origin ofthese rocks tenuous. However, Wallace (tbis volume) 
0,5 1.0 1,5 2.0 2.5 3.0 considers the petrologic data to suggest that they represent a 

F = 2,87 

a1Abi86Sr sequence of intermediate to acid Javas and/or sills, with minor 
chemical sediments and rare clastic horizons. The initial 

Fig. 64 Rb-Sr whole-rock isochron for samples from the Sver
drupfjella Group at Neumayerskarvet. Sample numbers as in 
Table20. 
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Age = 1173 ± 151 Ma 
Ro = 0,70383 ± 0,00086 
MSUM = 2,42 

87SrJ86Sr ratios are within the range expected for the upper 
mantle at about 1 000 Ma ago (see Faure 1978),' and would 
usually be interpreted to show that these were derived from a 
mantle source at that time. 

In view of the gneissic character of these rocks, the above 
interpretations may be questioned. The gneisses of the 
Sverdrupfjella Group were metamorphosed to at least the 
upper amphibolite facies (Wall ace, this volume). It is possible, 
therefore, that the Sr-isotopic system in these rocks was 
completely homogenized by this later event, in which case the 
whole-rock isochrons may document the time of this meta
morphic overprint, and not the original age of emplacement. 
Simple Sr-isotopic-growth calculations suggest, however, that 
these suites could have had a maximum crusta! pre-history of 
only some 100 to 200 Ma. It is entirely possible, therefore, that 
these rocks are syn-metamorpbic, and were emplaced and 
metamorphosed during the same tectono-thermal episode. 

Three whole-rock samples from Hallgrenskarvet are 
anomalous, and fall off the mean trend of the 1 048 Ma 
isochron (Fig. 66). These three samples define a second linear o. 700 0~-:-l':---:-':--:!-:::-0-:f-:----::'::---::.L:---:-'::--~~-="=-.J 0.1 0,2 0.3 ,4 0.5 0,6 0.7 o.e 0.9 1.0 array yielding an age of 876 Ma. Two alternative interpreta-

F = 3.10 
0,702 

Fig. ~5 Rb-Sr whole-rock isochron for samples from the Sver
drupfjella Group at Heksegryta. Sample numbers as in Table 20. 

are anomalous, and together with sample HS28 (and perhaps 
HS29?) may indicate a younger age. These four samples define 
a second isocbron (MSUM = 0,28; F = 3,49) giving an age of 
876 ± 16 Ma, with an initial ~7Sr/86Sr ratio of 0,7085 ± 0,0004 
(Fig. 66). This second "age'' is, however, an enigma. Samples 
HS40, HS47, and HS57 were taken from the same nunataks as 
HS39, HS44 and HS58, respectively. HS57 plots between the 
two isochrons, and may have experienced open-system 
behaviour, but HS40 and HS47 fall on the trend for the 1 047 
Ma isochron. This result is discussed further in a following 
section. 

Mineral Analyses 

At one location. Hallgrenskarvet, biotite was separated from 
seven of the whole-rock samples and analysed for its Rb and Sr 
isotopic composition. The data are presented in Table 21. 

Two-point mineral whole-rock isochroo ages were calcu
lated from the biotite and corresponding whole-rock analyses 
for each sample. The seven samples show a narrow range of 

tions have been considered for this suite. Firstly, this age may 
be fictitious, ·Caused by a chance alignment of spurious data 
points, perhaps due to open-system behaviour of these 

Table21 
Mineral (biotite) Rb-Sr analyses of gneisses from Hallgrenskarvet, 

Kirwanveggen0 

Mineral-
whole-

Field 87Rbf86Sr 87Srf86Sr* Sr (total) Rb (total) rock age 
No. (atomic) (ppm) (ppm) (Ma) 

HSlO(B) 13,46 0,8015 103,9 488,4 485 ± 14 
HS28(B) 7,204 0,7675 41,9 105,9 482± 14 

0,7674 
HS32(B) 136,679 1,6178 10,2 443,2 460± 14 
HS40(B) 61,913 1,1378 25,7 538,7 468 ± 14 
HS44(B) 121,817 1,5484 11 ,8 467,8 482 ± 14 

1,5494 
HS49(B) 45,224 1,0335 34,1 525.5 479± 14 

1,0324 
HS58(B) 162,622 1,8222 19,5 1004.1 469 ± 14 

1,8215 

• Normalized to conform with 88Srf86Sr ratio of 8,375. 
** EJTor calculated at 95 per cent confidence limits (2o). 

0 These data are stored in the National Isotopic Data Base. 
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Fig. 66 Rb·Sr whole·rock isochrons for samples from the Sverdrupfjclla Group at Hallgrenskarvet. Sample numbers as in Table 20. 

samples, or secondly, these rocks may reflect a subsequent 
igneous or tectono-thermal episode within the Kirwanveggen. 

Two observations have been made that may be pertinent to 
these data. Wallace (this volume) reports meta-igneous bodies 
with gabbroic aspects from the Hallgrenskarvet, that are 
thought to have been intruded while metamorphism was 
waning. The anomalous samples could then be recording this 
later igneous episode. Secondly, the samples show clear 
cataclastic structures. This suggests that they resided in zones 
of intense crustal-shearing or faulting. The c. 875 M a .age may, 
therefore, document the time of thermal overprinting in 
response to this local crusta) movement. The elevated initial 
~7Srf&>Sr ratio. and the highly localised occurrence for thes.e 
samples (the samples were apparently collected less than 
100 m away from rocks defining the 1 048 Ma age in the same 
nunataks) would support this contention. Cataclasites are 
reported (Ravich & Soloviev 1969) to be evenly distributed 
along the Kirwanveggen, and may have been associated with 
tectonic movement in the adjacent Pencksokket-Jutulstrau
menrift. 

The late-Ordovician biotite whole-rock ages obtained from 
the HaUgrenskarvet suite are taken to record the waning stages 
of a later metamorphic episode that occurred in this region. 
This was a low-grade event which rehomogenized the Rb-Sr 
isotopic system on a grain-size scale, but which did not disturb 
the whole-rock systematics. From a consideration of the 
blocking temperature ofbiotite, temperatures were perhaps no 
higher than c. 300°C. This thermal event may have been part of 
the well-documented Ross Orogeny (EIIiot 1975). 

SUMMARY AND CONCLUSIONS 

The Ahlmannryggen Group sediments, and the basement 
rocks of the Kirwanveggen in western Dronning Maud Land, 
were involved in an episode (or episodes) of tectono-tbermal 
activity between 1 000 and 1 200 Ma ago. This may have been 
associated with tectonic activity in the adjacent Pencksokket
Jutulstraumen rift. The igneous rocks of the Ahlmannryggen 
and Borgmassiivet show high initial 87Srf86Sr ratios (0,710 
± 0,002). This may have resulted from emplacement prior to 
c. 1 000 Ma ago, and possibly as early as c. 1 700 Ma ago, with 
subsequent thermal overprinting, or contamination by old 
crusta! rocks or sediments, or derivation from an anomalous 
mantle (or lower crusta!) source. The gneisses of the 
Kirwanveggen. however, show lower initial 87Srf86Sr ratios 
(0,704 ± 0.008), and were probably emplaced· from an upper
mantle source and metamorphosed during the same(?) oro
genic episode, 1 000 to 1 200 M a ago. 

Igneous and metamorphic rocks with ag~s between 1 000 
and 1 200 Ma are recorded over much of the East Antarctic 
shield, and at dispersed localities in the Transantarctic 
Mountains. This was probably, then, a continent-wide 
orogenic episode, part of the Bunger Orogeny of Angino and 
Turner (1964) and the Nimrod Orogeny of Grindley and 
McDougaiJ (1969). 

Rocks showing similar ages and Sr isotopic compositions to 
the gneisses of the Sverdrupfjella Group, have been identified 
in the Natal sector of the Namaqua-Natal Mobile Belt in South 
Africa (Barton & Welke pers. comm.). These two areas may 
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formerly have been juxtaposed in the Gondwana super
continent (Norton & Sclater 1979) . ln this reconstruction the 
region of Archaean basement, reported to the west of the 
Ahlmannryggen and Borgmassivet , would have been 
contiguous with the Archaean rocks of the southern margin of 
the Kaapvaal Craton. 

The Al1lmaonryggen Group sediments may have been 
involved in two further periods of igneous or tectono-thermal 
activity, at about 1 700 and 820 to 850 Ma ago, although the 
isotopic data defining the former age are equivocal. An 
isochron age of 875 ± 16 Ma, tentatively assigned to three 
anomalous samples from Hallgrenskarvet in the Kirwan
veggen, is concordant, within the 95 per cent confidence limit, 
with the isochron age of 821 ± 58 .Ma reported for the 
Straumsnutane Formation , and may have been part of a 
subsequent tectono-thermal episode within Dronniog Maud 
Land .. perhaps associated with continued tectonic activity in 
the Pencksokket-Jutulstraumen rift as previously suggested by 
Neethliog (1970). Ages of c. 1 700 Ma are so far subordinate in 
East Antarctica, although Pankhurst (pers. comm.) has 
recently obtained a Rb-Sr whole-rock isochron age of 1 700 Ma 
from basement granite gneiss in the Shackle ton Range. 

Early Ordovician mineral-whole-rock isochron ages, 
between 460 and 485 Ma, from the Kirwanveggen record 
waning stages of a later low-grade thermal episode that 
affected this region. This thermal event was probably part of 
the Ross Orogeny, recorded by overprinted K-Ar ages over 
much of coastal East Antarctica and the Transantarctic 
Mountains which was contemporaneous with the Damaran and 
Mozambique Orogenies of Southern Africa . • 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

TECTONIC EVOLUTION 

The Ritscherflya SupergJoup comprises the remnant stable 
platform cover of a fault-margined block which has been 
subjected mainly to epeirogenesis ~ince its deposition dl!ring 
the Precambrian (Neethling 1967, 1970, 1972 b). As Opposed 
to the repeatedly remobilised and folded rocks of the 
crystalline basement, the Sverdrupfjella Group, with which 
they occur in tectonic contact, the rocks of the Ritscherftya 
Supergroup have been affected only by faulting, marginal 
folding and low-grade regional metamorphism. Neethling 
(1970) stated that the preservation of these rocks in their 
relatively undisturbed state, was mainly due to their being 
subjected to block subsidence in contrast to the continued 
block uplift of the adjacent basement rocks. 

The sedimentary and volcanogenic rocks of the Ritscherftya 
Supergroup appear to have been deposited during middle
Proterozoic times in an intracratonic basin. Deposition 
commenced with sedimentation over the whole of the basin, 
directly onto the Archaean basement rocks as represented by 
the 2 768 Ma-old Annandagstoppane grao"ite. During the 
middle and later stages of sedimentation tensional conditions 
developed (Neethting 1970), giving rise to volcanism and the 
deposition of interbedded volcaniclastic rocks. The volcanic 
activity, which had been sporadic and short-Lived during the 
deposition of the Hogfonna Formation, later became 
dominant in the eastern Ahlmannryggen and eastern Borg
massivet, with the deposition of great thicknesses of 
agglomerates, tuffs and lavas. In the central, western and 
southern Borgmassivet, however, sedimentation continued 
during this time, resulting in the Raudberget Formation. 

As the volcanogenic rocks occur mainly in the areas 
bordering the Pencksokket-Jutulstraumen rift, it is 
conceivable that they are associated with the rifting, and that 
rifting was initiated during the middle Proterozoic. According 
to"Neethling (l970) this period of predominantly epeirogenic 
deformation was also characterized by the emplacement of 
immense volumes of tholeiitic magma, the Borgmassivet 
lntrusives, into the Ritscherflya Supergroup possibly some 
1 700 Ma ago. Elworthy (this volume) has also proposed that 
emplacement of the rocks of the Heksegryta suite of the 
Sverdrupfjella Group took place at the same time. 

Other ages, ranging from 1 200 to 1 000 Ma, on the rocks of 
the Sverdrupfjella Group in the Kirwanveggen, indicate that 
these rocks were either emplaced, or underwent complete 
remobilisation, at that time. Elworthy (this volume) also 
presented evidence that emplacement of some of these rocks 
could have taken place during metamorphism, or very shortly 
before it. 

On the stable platform side of the Pencksokket-Jutul
straumen rift, ages of about 1 000 Ma have also been reported 
on the Borgmassivet Jntrusives. Whether this was in fact a 
separate intrusive phase (Ailsopp & Neethling 1970, Neethling 
1970, 1972b, Bredell 1982) is still unclear. These ages might 
also indicate widespread thermal overprinting at the time of 
consolidation of the adjacent crystalline basement. Neethling 
(1970) also suggested that the marginal open folding in the 
rocks of the Ritscherflya Supergroup took place at that time. 

The rocks of the Sverdrupfjella Group, the Straumsnutane 
Formation and the Borgmassivet Jntrusives, as well as from the 
Pencksokket, have all yielded ages ranging from 820 to 875 Ma. 

Fig. 67 Locality map of palaeomagnetic samples from the 
Ahlmannryggen and from Neumayerskarvet. 
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It is probable that these are overprint ages indicative of a 
tectonothermal episode, probably associated with renewed 
tectonic activity along the Pencksokket-Jutulstraumen rift. 
The shearing in the lavas of the Straumsnutane Formation. 
which adjoins this rift to the west, might have resulted during 
this time. 

Deposition of the Urfjell Group in the .Kilrwanveggen 
probably took place during the Cambro-Ordovician. These 
rocks were subjected to open folding during, it is now thought, 
the latter stages of what is elsewhere in Antarctica termed the 
Ross Orogeny. The dating of this event is supported by ages of 
460 to 485 Ma reported from further to the north-east in the 
Kirwanveggen (Eiworthy, this volume) . 

Neethling (1970) also suggested that during the time of the 
Ross Orogeny intensive compressional force acted on the 
margin of the stable platform. According to him, the basement 
was uplifted along high-angle faults aad thrust against the 
platform, causing the formation of retrograde diaphthoritic 
zones within the marginal basement and platform rocks along 
the Pencksokket-Jutulstraumen rift. Major movement along 
this rift is supported by ages of some 590 Ma on diaphthoritic 
rock from the Pencksokket. This event was probably the last 
major tectonic event in western Dronning Maud Land. . 

Limited magmatic activity in the form of the intrusion of 
local syenite bodies in the basement rocks of the Kirwan
veggen, ranging from 360 to 380 Ma in age (Krylov 1972), 
indicated a minor event at that time. 

After a long period of stability and planation, e-quivalent to 
the Maya-erosion surface in the Transantarctic Mountains, 
deposition of the Permo-Carboniferous Amelang Formation 
took place. This was again followed by uplift and erosion, 
equivalent to the Sub-Mawson surface of the Transantarctic 
Mountains, and the resultant stripping of th·e Amelang 
Formation over most of the area. 

During the Jurassic tensional conditions developed and the 
intrusion of dolerite dykes and the extrusion of the thick pile of 
basaltic lavas of the Kirwanveggen Formation took place. 
Neethling (1970) proposed that rejuvenation of particularly 
those structural features parallel to the Pencksokket-Jutul
straumen rift occurred during the Mesozoic or Cainozoic 
periods. 

King (1965) suggested that the subglacial morphology in 
East Antarctica was governed principally by differential uplift 
and depression during the end-Cainozoic, accentuated to some 
extent by isostatic effects following ice-loading. This, then, 
would conclude the tectonic evolution of this area . 

Neethling (1970) supported King's (1965) ideas for western 
Dronning Maud Land, where he thought an extremely 
dissected terrain already existed prior to the onset of 
glaciation. This is to a certain extent also supported by the work 
of Wolmarans (1982) who proposed that the present subglacial 
topography was tectonically controlled partly by glaciation, 
accentuating previous post-tectonic features, and partly by the 
glaciation exploiting structural lineaments.+ 

S. Afr. T. Nav. Antarkt., 1982, Bylae 2 

PALAEOMAGNETISM 
(Contributed by D.I. Henthom) 

INTRODUCTION 
During the summer of 1974, R.D .J . Gavshon and J.M. 
Erasmus, geologists of the SANAE 15 team, collected three 
orientated hand-samples from each of eleven sites, for a 
preliminary palaeomagnetic investigation. The sites were 
chosen to cover a wide range of lithologies and stratigraphic 
positions, four being from the Neumayerskarvet area of the 
Kirwanveggen and seven from the Ahlmannryggen (Fig. 67). 
Orientation, by means of a sun compass and inclinometer, 
followed standard palaeomagnetic practice, although magnetic 
compass bearings were recorded for confirmation. 

[n the Neumayerskarvet two of the samples (NC and NW) 
were taken from the amphibolites, one (NE) f'rom the garnet
biotite plagiogneiss, and the fourth (NW1} was taken from a 
cross-cutting, post-metamorphic dolerite dyke. 

The Borgmassivet Intrusives were sampled at three localities 
in the Ahlmannryggen; one (GHl) at Grunehogna and two 
(JK1 and JK2) at Jekselen. A sample (GH2) of the grano
diorite of the Nils Jorgennutane suite was also taken at 
Grunehogna. Two samples (ITl and lTI) were also collected 
from the amygdaloidal intrusive rocks in the lstind Formation at 
lstind. The lava of the Straumsnutane Formation was sampled 
(STl) at the type locality. 

P ALAEOMAGNETIC RESULTS 
From each hand sample, three 25 mm high x 25 mm diameter, 
cylindrical specimens were cut for measurements on a Digoco 
complete~ results spinnermagnetometer. Results are presented 
in Table 22. No abnormal values were noted in intensity or 
susceptibility measurements - volcanics generally having 
considerably higher intensities than the metamorphics. Since 
such a wide range of rock types is represented, no overall mean 
was calculated. 

Five of the seven sites from the Ahlmannryggen have total 
field natural remanent magnetism (NRM) directions (Fig. 68) 
which , at the within-site level, were significant at the 95 percent 
Level of confidence. However, only one site (the dolerite dyke) 
from Neumayerskarvet was even significant at the within
sample level . 

To investigate the stability of the remanent magnetization, 
one specimen from each site was progressively a.f. (alternating 
field) cleaned up to 100 mT. With one notable exception 
(GH2), specimens from the five sites which had a statistically 
significant NRM result showed no change in direction during 
demagnetization. although the intensity of magnetization 
decreased (Fig. 69). Specimens GH2 and NCl, which yielded 
erratic results during demagnetization (Fig. 69), were 
discarded from further investigation . The remaining sites 
showed movement of direction with falling intensity up to a 
particular field , above which the direction stabilised. 

Five more specimens from each of the nine sites were 
subsequently demagnetized at the optimum flux density . 
selected from progressive demagnetization of the pilot 
specimens. Within-site groupings at the 95 per cen t level of 
confidence are shown in Table 23. 

Four sites, in spite of "homing-in'' to a stable direction 
during the cleaning of their respective pilot specimens, had 
random directions of magnetization at the within-site Jevel 
after cleaning. Of the other five sites, the four from the 
Ahlmannryggen had directions of magnetization not dissimilar 
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Table 22 
Results of NRM and susceptibility measurements 

Sample D N 

GH1A 245,4 -25 ,7 3 
GHlB 253,9 - 31,7 3 
CHIC 241 ,0 - 44.7 3 
MEANGHl 247,0 - 34.1 3 
GH2A 27 ,9 -66,4 I 
GH2B 10,0 -76,9 3 
GH2C 175,3 -45,8 3 
MEANGH2 111,9 - 83,2 3 
ITlA 285,6 - 0,4 3 
ITlB 205.0 - 72.1 2 
ITlC 345.5 -49,2 2 
MEAN IT! 308.6 - 27,8 2 
IT2A 280,1 56.7 3 
IT2B 231.0 -64,1 3 
IT2C 236,8 - 57,6 3 
MEANIT2 250,4 - 32,8 3 
JKlA 232,4 14,0 3 
JKlB 244,8 14,2 3 
JK1C 264,8 31,1 3 
MEANJKl 246,5 20,0 3 
JK2A 252,4 2,8 3 
JK2B 253,4 3,2 3 
JK2C 249,3 16,9 3 
MEANJK2 251 ,5 7,6 3 
STIA 230,6 - 7,5 3 
STIB 230,5 -14,7 3 
STIC 228,4 -7,3 4 
MEANSTl 229,8 -9,8 3 
NE lA 291,0 -1,2 3 
NElB 164,2 - 9,1 3 
NEIC 315 ,0 3,6 3 
NC1A 188,1 -10,5 3 
NCIB .14,2 5,5 3 
NClC 332,6 78,4 3 
NCID 234,3 63,5 3 
NW1A 231,6 37,2 3 
NWll3 225,4 13,8 3 
NWIC 231 ,0 - 6,9 3 
MEANNWl 229,2 14,6 3 
NW2A 303,9 -22,3 3 
NW2B 346,9 55,8 3 
NW2C 9,5 41,7 3 

from one another, whereas that of the dyke from Neumayers
karvet differed significantly. 

Thermal demagnetization was carried out on one specimen' 
from each of the stable sites, in order to ascertain their blocking 
temperature spectrum. Unfortunately this treatment could not 
be applied to san1ples from the sites on which a.f. treatment had 
proved of little use, owing to their having room-temperature 
intensities comparable to the sensitivity of the instrument. In 
each of the five cases measured, no change in direction of 
magnetization was recorded throughout heating, but the 
magnetization decreased steadily from 100 oc to a cut-off at 
between 500 •c and 550 •c. Such curves (Fig. 70) are not usually 
associated with a primary magnetization carried by magnetite 
and, as in each case the cut-off occurred below the Curie point 
of magnetite, an alternative carrier must be sought- probably 
in the titano-magnetite series, bearing in mind the fairly high 
coercivity spectrum exhibited during a .f. demagnetization. 

Of the four stable magnetization directions from Ahlmann
ryggen, three are from the Borgmassivet Intrusives at Jekselen 
and Grunehogna and one from lava of the Straumsnutane 
Formation, yet all exhibit similar directions of magnetization 

k oc95 Mx1Q-3Am-1 xx!O-J 

66,8 15,2 363 22,6 
22,9 26,3 292 23,7 
59,4 16,1 207 18.3 
53,6 17,0 287 21,5 

630 66,8 
6.) 54.7 221 48,3 
6,5 52.7 624 90,3 
5,3 59,7 492 68,5 

34,9 21,1 0,15 0,24 
>90 0,88 0,20 

34,4 43,9 1,51 0,28 
>90 0.85 0,24 

157,6 9,8 4,0 0,30 
283,6 7,3 7,8 0,37 
305.4 7,0 6,2 0,30 

>90 6,0 0,32 
969,8 3,9 27,5 0,53 

2807 2.3 197,6 0,66 
59,6 16,1 99,8 6,69 
20,4 28,0 l08,3 2,63 

986,4 3,9 434,3 16,6 
562,8 5.2 491 ,7 16,1 
713 4,6 517,6 16,1 
96,3 12,6 481 ,2 16,3 

1322 3,3 980,0 6,54 
2780 2,3 562,3 16,6 
3150 1,6 847,6 6,78 
340 6,6 796,6 9,97 

>90 1,08 0,28 
>90 1,85 0,25 
>90 4,2 0,25 
>90 1,0 0,44 
>70,5 0,12 0,19 
>90 0,19 0,28 
>90 0,45 0,167 

3,1 85 ,1 227 20,4 
7,6 48,1 836 28,5 

15,4 32,5 466 17,6 
13,3 35 ,1 509 22,2 

90 0,15 0,11 
90 0,31 0,28 
90 0,24 0,31 

and yield a statistically significant direction if grouped. 
Neetbling (1972b) and Elworthy (this volume) have indicated 
that these rocks range in radiometric age from some 1 700 Ma 
to 800 Ma. It is concluded, therefore, that the palaeomagnetic 
direction must represent an event subsequent to the original 
emplacement . 

Interpreting the directional data in terms of a geocentric 
axial dipole field model, the virtual geomagnetic pole (V. G. P.) 
falls in the Central Pacific Ocean (Table 24). Paucity of results 
prevents correlation with other Antarctic results, and since the 
V.G.P. differs from any Cainozoic Antarctic Pole, the 
assumption is made that the age of magnetization is prior to the 
break-up of Gondwanaland. Hence, to compare the calculated 
palaeopolc with the established polar wander curve for 
Gondwanaland (McEJbinny et al. 1974, McElhinny & 
McWilliams 1977) it was rotated about the pole of rotation 
necessary to juxtapose Africa and Antarctica, using the Smith 
and Hallam (1970) reconstruction (differences in the 
interpretation of the various reconstructions are such that they 
will not unduly alter this analysis). The rotated palaeomagnetic 
poles for Antar.ctica (Table 24) fall on the published polar 
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Fig. 68 
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Table23 
Sight-mean direction after a.f. cleaning. Sights for which pilot-

sample demagnetization was random have been excluded 

Flux 
Site density N D k oc95 

NW2 50 6 120,4 38,7 >90 
NE1 40 6 280,9 52,8 1,5 84 
ITl 50 6 217,2 - 42,8 >90 
IT2 50 6 251,3 - 23,9 2,2 58,2 
GHl 30 6 236,8 -6,0 272,1 4,0 
Kl 30 6 232,1 22,9 20,9 15,3 
K2 30 6 245,8 12,5 95,0 6,9 
STl 30 6 230,4 -6,6 697,4 2,5 
NWJ 30 6 218,5 48,7 29,9 12,4 

Mean of 
Ahlmannryggen 4 236,3 5,7 25 ,7 18,4 

wander curve (Fig. 71) at approximately 800 Ma. Eastin et al. 
(1970) gave an age of 856 ± 30 Ma for the Straumsnutane 
Formation which Elworthy (this volume) recalculated to821 ± 
58 Ma and Neethling (1972b) stated that at approximately 824-
860 Ma a significant tectono-thermal event occurred. It is this 
event which overprinted the earlier primary magnetization. 

The other site which yielded a stable direction was NWl, a 
dolerite dyke cutting the high-grade metamorphics of 
Neumayerskarvet. The virtual geomagnetic pole calculated 
from this dyke is lat. = - 42°, long. = 135°. After rotation to 
reconstruct Gondwanaland, this becomes lat. = - 78°. long. = 
96°. Such a pole corresponds to the mean Mesozoic pole for 
Gondwanaland, and it is concluded that the dyke sampled at 
Neumayerskarvet is of similar age to the Karoo volcanics. 

CONCLUSIONS 
This preliminary survey suggests that the primary 
palacomagnetism in the Ahlmannryggen has been overprinted 
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Fig. 71 Polar-wander curve for Gondwanaland showing rotated 
virtual geomagnetic poles from the measured stable sites. 

Table24 _ 
Virtual geomagnetic pole positions cal-culated for samples which 
have stabl.e remnants after a .f. cleaning. The rotated poles shown 
are relative to Africa and assume the continental fit of Smith and 

Hallam (1970) 

Pole positions Rotated pole 
Lat. Long. Lat. Long. 

GHl - 6,8 234,5 -65 248 
Kl - 16,4 239,7 -73,7 257,2 
K2 -13,3 246,1 -64,9 301,2 
STJ - 8,3 229,2 - 66,4 224,6 
NWI - 42,1 225,0 - 77,5 93,5 

by the Boreas episode (Neethling 1972b) of tectonothermal 
activity and that further sampling would only confirm this. In 
addition, tentative evidence of"Karoo age" dyke intrusion has 
been observed. A more e:xtensfve survey could confirm this and 
should include contact rocks for stability tests. No stable 
directions were obtained from Neumayerskarvet and owing:to 
the nature of the rocks (high-grade amphibolite schists and 
gneiss) it is doubtful if further sampling in this are~ would be 
usefuL t 
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