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Cross-bedding and Palaeocurrents 
in the Ahlmannryggen, · 
western Dronning Maud Land 

Cross-bedding in the Pyramiden, Schumacher and Hogfonna 
Formations has a clear preferred orientation with a relatively small 
variability in azimuth, indicating continual uplift of the provenance 
area. In the case of the Tindeklypa Formation volcanic activity 
caused frequent shifts in current direction as a result of which 
cross-bedding in this formation shows no clear preferred orienta
tion. 
The results, especially in the upper part of the Schumacher Forma
tion and the three members of the Hogfonna Formation, indicate a 
clockwise movement of the provenance area relative to ·the Ahl
mannryggen during deposition. 

Introduction 
Mapping of cross-bedding and other primary structures 
has proved useful in reconstruction of regional palaeo
slopes (Potter & Of son, 1954), fixing the trend of ancient 
shore lines (Tanner , 1955), locating probable source 
areas of the sands forming the cross-bedded strata, clarify
ing certain correlation problems and reconstructing the 
depositionaJ environment. With this in mind primary vec
tor properties in clastic assemblages belonging to the 
Pyramiden, Schumacher, Hogfonna and Tindeklypa 
Formations were investigated during the field season of 
1973. These formations are all probably of Precambrian 
age (N eethling, 1970), but apart from the Hogforuna and 
Schumacher Formations their relative stratigraphic posi
tions are not clear. At Grunehogna the Hogfonna Forma
tion can be seen to overlie the Schumacher Formation 
confom1ably (Aucamp . 1972). 

The Pyramiden Formation. of which Pyramiden 
nunatak is the type locality. consists predominantly of 
coarse clastic rocks. i.e. graywacke and gritty quartzite. 
Monomictic flat-pebble conglomerates are abundant and 
characteristic. Cross-bedding is well developed through
out the sequence. 

The Schumacher Formation ranges from medium
grai ned arkosic quartzite in the lower horizons to 
fine-grained argillaceous layers near the top. In the upper 
50 m of the sequence at Grunehogna purple mudstones 
make up the finer fractions of the graded bedding units. 
Structures like slumped bedding. graded beddi!tlg and 
mud-cracks. the latter mainly in the upper part. are com
mon. Cross-bedding is fairly common in the coarser units, 
but usually poorly developed and of small scale. 

The Hogfonna Formation was defined by De Ridder & 

C. Z. van Zyl* 

Geologist, 
Fourteenth South African National 

Antarctic Expedition 

Kruisgelaagdheid in die Formasies Pyramiden, Schumacher en 
Hogfonna het 'n duidelike voorkeur-orientasie met relatief klein 
afwykings in die hellingsrigting. Dit dui op voortdurende opheffing 
van die brongebied. In die geval van die Formasie Tindeklypa het 
vu/kaniese aktiwiteit herhaaldelike veranderings in die stroomrig
ting veroorsaak as gevolg waarvan kruisgelaagdheid in die for
masie geen duidelike voorkeur-orientasie toon nie. 
Die resultate, vera/ in die boonste deel van die Formasie Schu
macher en die drie lede van die Formasie Hogfonna, dui op ·n 
regsom-beweging van die brongebied relatief tot die Ahlmann
ryggen tydens afsetting. 

Bastin ( 1968) as comprising all the sediments between 
two polymict jasper-rich conglomerates at Hogfonna, the 
type locality. A t.tcamp ( 1972) divides the formation at 
Grunehogna into three members. using two jasper
bearing conglomerates as demarcation. The thickness of 
the predominantly quartzite sequence at Grunehogna is 
given as 210 m. The co-existence of mud-cracks with 
structures like large-scale cross-bedding and erosion 
channels suggests an environment approaching deltaic 
conditions (Aucamp, 1972) . 

The Tindeklypa Formation (including the lstind Forma
tion) is mainly volcanogenic in the lower part. In the 
upper part there are some clastic horizons, and primary 
sedimentary structures like ripple marks, current linea
lions, mud-cracks and cross-bedding occur (Van Zyl. 
1974). 

Methods of Investigation 
As the cross-laminated sets are generally bounded by 
lower and upper plane surfaces. one could measure strike 
and dip of the cross-bedded unit. strike and dip of the 
cross-laminations. and thickness of the cross-bedded 
layer. Most of the cross-laminations are plane surfaces; 
only a few are tangential to the base of the bed so that there 
was no difficulty in ascertaining the strike and dip. It was 
necessary to find an exposed surface of laminations or to 
see the traces of the lamination on two intersecting sur
faces in order to measure and plot the exact attitude of the 
lamination planes. 
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Fig. I. Palaeocurrent directions in the Ahlmannryggen. 

As far as possible, measurements were taken in every 
bed, the number per bed depending on the actual thickness 
of the sedimentary sequence. One hundred measurements 
were regarded as the minimum on which a reliable in
terpretation could be made. Where no major change in 
attitude of the cross-lamination was apparent in different 
stratigraphic horizons of any sequence. all measurements 
for that nunatak were plotted on the same diagram. 

As the strata were in all cases sub-horizontal , it was 
necessary to correct the readings on the cross-beddings for 
this tilt by rotating the pole of the cross-bed, plotted on a 
stereonet, through the angle of dip of the bed itself about 
the strike of the bed. The relative azimuth for the different 
localities and inclination of the cross-bedding are then 
considered to be the same as at the time of deposition. 

The stereo graphic projections of the poles of the cross
laminations were contoured and in most cases a distinct 
unambiguous preferred orientation was revealed. 

Cross-bedding 
Thickness 
The thickness or scale of the cross-bedded units varies 
widely and is, on average, greatest in the Hogfonna For
mation where it attains a thickness of up to I ,5 m. On the 
basis of about forty determinations of thickness that were 
made, the average thickness of the cross-bedded units in 
the Pyramiden, Schumacher and Hogfonna Formations is 
44 cm. whereas that for the Tindeklypa Formation is only 
16 cm. Several authors. notably Schwar-;.acher ( 1953) 
have discussed the scale of cross-bedding units, but the 
significance of this property is still uncertain. It may be 
correlated in part with coarseness of grain - the finer 
fraction normally exhibiting a .. small-scale'· cross
bedding, and the coarser quartzites and grits much larger 
cross-bedding. 
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Jnctination 
For measurement and analysis the cross-laminations are 
considered planes. In theory cross-beds are tangential to 
the base of the bed and truncated by the top surface. In fact 
such concavely curved surfaces were rare and the inclina
tion of cross-beds can therefore be defined as the dihedral 
angle between the plane of the cross-bedding and the 
plane of the true bedding. 

In the rocks studied the inclination varies widely bet
ween about I 0° and -W0

• lt must be a function of the angle 
of repose of the material at the time of deposition. Accord
ing to Bagnold (1942) this angle has an upper limit of 36° 
for dry sands . The high inclination (> 36°) observed in a 
number of places should probably be ascribed to deposi
tional deformation. In some cases evidence of slumping 
was observed . but slight tilting due to folding was 
definitely the more important mechanism. Jn a few in
stances the inclination of the cross-laminations was still 
greater than 36° after rotation (on a stereonet) of the true 
dips of the cross-bedded strata to their original (horizon
tal) position. Factors like particle size, shape, roundness, 
composition and moisture content of the material proba
bly have some influence on the angle of repose as deter
mined by Bagnold ( 1942). 

Azimuth 
Far more important than inclination for palaeogeographic 
interpretation is the direction of dip of the cross
laminations (Perrijohn. 1956). The measuring and re
cording of this vector were the prime objects of this work. 

Numerous studies have made it apparent that fluviatile , 
aeolian and marine cross-bedding patterns are generally 
regionally consistent and imposed by the prevai ling cur
rent system at the time of their deposition. In stream-laid 
sandstones and gravels the cross-bedding will dip down 
the regional slope. The significance of consistent 
azimuthal orientation of cross-bedding in marine sand
stones is less clear, but the pattern must in general indicate 
down-slope movement of the sand-laden currents ( Petti
john, 1956). Cross-bedding of an ancient sandstone there
fore indicates the regional palaeoslope. i.e. movement 
from the provenance to the depositional area and from 
older rocks to younger ones. The palaeogeographic im
portance of this is obvious. The variability of the cross
bedding, i.e. variance around a mean. is dependent on the 
tectonic stability of the region. If the provenance area is 
continually uplifted. regional slope will be maintained. If 
the slope is not so maintained, through lack of diastrophic 
movement. the area of deposition will slowly approach an 
equilibrium with the result that streams and currents will 
become more feeble and less directionally stable. 

The most striking featu re of the cross-bedding in the 
Ahlmannryggen is its marked preferential orientation (ex
cept in the Tindeklypa Formation) in different localities . 
Another significant feature is the change in current direc
tion as indicated by cross-bedding in strata belonging to 
stratigraphically different formations. 

Discussion and Conclusions 
Pyramiden Formation 
Cross-bedding in the quartzite rocks at Pyramiden, the 
type locality. may at first glance seem almost random ly 
orientated. Measuring and plotting a large number of 
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cross-bedding poles, however, revealed a clear preferred 
orientation indicating a main current direction of almost 
due north (6°) (Fig. 2A) . At the time of deposition the area 
was fairly stable and. because regional slope was not 
always steep, a degree of shift in cunent directions as 
indicated by different attitudes of cross-beds at some 
stratigraphic horizons resulted. No systematic change in 
current direction is evident from the bottom to the top of 
the succession. 

A succession. 30 m thick. of sedirnents at Kjolrabbane 
1611 (Fig. I) was correlated by Brede/1 & Parerson 
( 1972) with the Pyramiden Formation on lithoiogical 
grounds. Cross-bedding. although not as well developed 
as at Pyramiden. seems to substantiate this correlation. 
The mean cunent direction for this locality is 355° which 
corresponds well with the direction obtained at Pyramiden 
(Fig. 28). These sediments are underlain by a thick mafic 
sill and are sub-horizontal. Correction for tilt could easily 
be made. but it should be kept in mind that intrusion of the 
sill could also have caused slight rotation in a horizontal 
plane. for which no correction is possible. 

Schumacher Formation 
Sediments belonging to this formation occur over a wide 
tu·ea and cross-bedding was measured at Ovenuten. Styr
bordsknattane. Lyftingen, Flarjuven and Grunehogna. 

Clear preferred orientations at all nunataks were found 
and current directions range between approximately 50° 
and 80°. An interesting feature is that where the sequences 
undoubtedly belong to the upper part of the Schumacher 
Formation, the palaeocurrent directions are more north
westerly than elsewhere. Thus the cross-bedding at 
Grunehogna. Ovenuten and Lyftingen indicates cunents 
flowing in a direction between 70° and 80° while that at 
Flarjuven and Styrbordsknattane gives cunent directions 
ranging between 50° and 70°. The significance of this will 
be discussed later. 

Hogfonna Formation 
The most striking feature of the cross-bedding in the 
Hogfonna Formation is the shift in a clockwise direction 
of the palaeocun·ent from the Lower Member to the Upper 
Member. The mean azimuth for the Lower Member is 
130° and that for the Middle Member 150°. The diagram 
for the Upper Member shows two maxima of cross
bedding poles indicating palaeocurrent directions of 140° 
and 155° (Fig. 2). At the initial stages of deposition the 
provenance was in a direction 310° from Grunehogna, 
shifting as a result of diastrophism to 330° during accumu
lation of the Middle Member and ultimately to 335° in the 
last stages of deposition of the Upper Member. 

The postulated shift in provenance is substantiated by 
the palaeocurrent directions obtained from cross-bedding 
for the Schumacher Formation. The upper part of this 
formation had a source area lying to the west-south-west 
(palaeocurrent direction 70- 80°) whereas the source area 
for the older part was situated to the south-west 
(palaeocunent direction 50-70°). There can be little doubt 
that during deposition of the Ahlmannrygg Group(Neeth
ling, 1970) the source area was moved in a northerly 
direction relative to the Ahlmannryggen by diastrophic 
movements. 

The relative stratigraphic position of the Pyramiden 
Formation is as yet uncI ear. N eethling (I 970) regarded it 
as the oldest formation of the Ahlmannrygg Group . In the 
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light of the previous discussion. the palaeocunent direc
tion obtained for this formation (0°-6°) i.e. a source area 
more southerly than for the Schumacher and Hogfonna 
Formations, seems to substantiate Neethling's view. 

Tindekiypa Formation 
Cross-bedding in this formation, as measured at Istind and 
Peak 1320, shows no real preferred orientation (Fig. 3K) 
and it may thus be concluded that there was no main 
current direction during deposition of these sediments . It 
must be borne in mind that the Tindeklypa Formation is 
primarily of volcanogenic origin and that the resultant 
instability would no doubt have caused frequent shifts in 
the cunent system. 
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Studies on Ten-metre Firn Temperatures, 
Moraines and Blue Ice Fields in 
western Dronning Maud Land 

A study was made of 10 m firn temperatures to find the influence of 
altitude on the mean annual surface temperature and to demar
cate the different facies on the ice-sheet. A lapse rate of 
0,434. C/1 00 m was found for the part of the ice sheet above the 
saturation line at 320 m. From 320 m down to about 50 m a 
marked deviation between the 10 m firn temperatures and mean 
annual surface temperatures was observed. This is explained by 
surface melting and downward transfer of heat at these lower 
altitudes. 
The moraines at Grunehogna, Ovenuten and Jekselen are re
garded as typical shear moraines. Other possible modes of forma
tion are briefly discussed. 
Crevasse-patterns at Grunehogna were studied and are discus
sed in the text. 

Firn temperature observations 
Several distinct zones in the temperature regime of 
glaciers and ice sheets can be distinguished (Fig. I). 

On the high polar ice sheet the temperature of the firn at 
a depth of 10 m is approximately equal to the mean annual 
air temperature at the surface(Loewe, 1956). Therefore. 
in order to determine the mean annual surface temperature 
on the ice sheet near Sanae and the mountain base. 10 m 
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'n Studie van 10 m-sneeutemperature is gemaak ten einde die 
invloed van hoogte op die gemiddelde jaarlikse oppervlaktem
peratuur te bepaa/ en die verskillende fasies op die yskop at te 
baken. 'n Vervaltempo van 0,434"CI100 m is gevind vir die deel 
van die yskop bokant die versadigingslyn by 320 m. Tussen 
320 m en ongeveer 50 m is daar ·n opmerklike afwyking tussen 
die 10 m-sneeutemperatuur en die gemiddelde jaarlikse tempe
ratuur. Dit word skynbaar veroorsaak deur die smelting van sneeu 
aan die oppervlak en ·n afwaartse verplasing van hitte by hierdie 
lae hoogtes bo seespieel. 
Die moreenafsettings by Grunehogna, Ovenuten en Jekselen 
word as tipiese skuifskeurmorene beskou. Alternatiewe ont
staanwyses word kortliks bespreek. 
Ysskeurpatrone by Grunehogna is ook bestudeer en word be
spreek. 

temperatures were obtained at different altitudes between 
Grunehogna and Sanae (Fig. 2). 

Temperatures were measured by a lagged alcohol 
thermometer which was lowered down a hole. The hole 
was covered and the temperature allowed to stabilize for a 
minimum of one hour. Normally stability was reached 
after about 30 minutes. 
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Fig. I. Schematic zonation of the accumulation area. *Present Address: P .0. Box 42. Kakamas 8870 




