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Helikopterbesøk i geologleiren på Palassfonna i juli 1975. Fjellet i bakgrunnen bærer det staselige 

navnet Palasset, og over skaret kan man se fjelltoppen Svea som tilhører Tre Kroner. 

Helicopter visit in July 1975 to the Palassfonna geologist camp near the magnificently named mountain Palasset 
(the Palace) . Svea, one of the three Kronbreen nunataks cal/ed Tre Kroner ( Three Crowns) , is seen in the 

bac kground. 
Photo: ØRNULF LAURITZEN 
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Pingos, springs, and permafrost in Spitsbergen 
Ihrnro (6yJiryHHHXH, rHAPOJia1rnoJI11ThI), HCTO'IH111rn 11 MHoroJieTHHH MepsJioTa Ha CsaJih6apge 
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Permafrost covers the entire land area in Svalbard with depths varying between 200 and 

450 m in the interior. The significance of the thawed zone underneath the glaciers for the 

groundwater supply is described. 

A probable se!f-regulating mechanism of water penetration through the permafrost zone 

and the formation of pingos are discussed. 

The temperatures measured in boreholes indicate an influence of the milder climatic period 

starting about 1920. 
The last part of the article contains a description of the different pingos, pingo-like features, 

and springs known in Svalbard. 

AHHOTa�1rn 

BcH nJio�aAh cyurn CsaJih6ap;i:a oxsa'!eHa cJioeM MHoroJieTnetl MepsJIOThI, n�ieio�eM 

rJiy6111Ihl, BO BHyTpeuunx '!aCTHX HOJie6JIIO�IIeCH OT 200 AO 450 M. Orrncauo :rna'l81!118 

HaXOAH�eMCH noµ; .:re;i:mmaMI! TaJIOM 30Hhl )J;JUI 3anaCOB rpyuTOBOM BO)J;hl. 

06cymAaIOTCH nepoHTHoe uaJin'!11e caMoperym1pyio�erocH MexaHll3Ma Boµ;uoro npo

u11Hnosemrn CHB03h Mep3JIOTHYIO 30HY li o6pa30BaHll8 IIlll!fO (r11µ;poJiaHHOJillTOD). 

11.aMepe!!Hh!e B CHBam11uax T8MrrepaT3phl yHa3hIBaIOT ua BJillHHl!e Ha'laBill8fOCH OHO.:IO 

1920 r. 6oJiee MHrHoro B HJillMaTWl8CHOM OTl!Olll81!1111 rrep11op;a. 

B rroc.:re;i:uetl '!aCTll cTaThll COAepmHTCH on11caH11e wsseCTHhIX ua CnaJih6apAe nwuro, 

IIllHrOBhJX qepT li llCTO'IHllHOB. 

Introduction 

Pingos and springs in Spitsbergen have been described from many localities, 
of which A. K. 0RVIN's pa per "Litt om kilder på Svalbard" ( 1944), is the 
most comprehensive. Most of the pingos known until 1944 are described in his 
paper. Since the term "pingo" was probably unknown to him, he used the 
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Fig. 1. Photo of the pingo in Adventdalen near Janssonhaugen, takenfrom helicopter on June 22, 1976. 
The rest of the icing bui!t up during winter is seen on the right-hand side. 

CHHTaH c sepToJieTa 22 HJOHH 1976 r. lfloTorpalflHH pacrroJiomeHHoro B AOJIHHe Adventdalen 

y rophl J anssonhatigen ITHHro. CrrpaBa Bnp;eH ocTaTOK o6paaoBaBUietl:cH auMotl: HaJiep;u. 

Norwegian expression "kildehaug", which means something like "spring 
mound". His paper also deals with "ordinary" springs not occurring in con
nection with pingo mounds, and his descriptions are followed by chemical 
analyses of the water. Other papers dealing with pingos in Spitsbergen are 
found in the reference list. 

This paper gi.ves a short description of the pingos and springs in Spitsbergen. 
Information has been taken from aerial photos, and some locations have been 
visited in the field or reviewed from literature. The enclosed maps show the 
location of known pingos and springs. 

Pingos or hydrolaccolits are supposed to fall genetically into two groups. 
One is known as the Greenland type, where the hydrostatic pressure from 
below the permafrost together with the freezing expansion is blowing up 
strata into mounds. The other is called the Mackenzie Delta or closed-system 
group (dass), and is believed to be formed by the expansion following the 
progressive freezing of a lake filled with sediments. BosTROM (1967) interpretes 
the Mackenzie Delta pingos as being similar to the Greenland ones and believes 
that the distinction between the two types may be artificiaL He thinks that the 
Mackenzie pingos form in areas with subsidence. As recent sediments pass 
through the base of permafrost, compaction becomes possible. The expulted 
water could produce an artesian pressure and per..etrate the permafrost layer 
thus forming pingos at the surface. 

The mean temperature in Svalbard is well below zero at all meteorological 



PrnGos, SPRINGS, AND PERMAFROST IN SPITSBERGEN 9 

stations. This would indicate that permafrost is found in the entire area. The 
annual standard normals of the air tcmperatures 1931-60 are -3.9°C for 

Isfjord Radio, -4.WC for Longyearbyen, and -l.5°C for Bjørnøya. This 
period, however, was extremely warm and the temperaturc has been a lot 
lower hoth earlicr and later, espccially in the winter. \VERDJSKIOLD (1922) in 
his calculaticn of the permafrost depth used --8°C which is, on the other hand, 
obviously too low. Then are large variations between the coast and the inland. 
Anuther complication is the fact that the air temperature <lees not represent 
the temperaturc in the surface. The \·ariation in the thickness of the snow 
co\·e1 is hcre of great importance. In the wintcr the snow would insolate and 
modify the loss of heat from the ground. This is especially the case in the bottom 
of the valle: s wherc, in addition, water left in the river bed after the summer 
drainage, reprcsents local heat reservoirs. On the other hand, laycrs of snow 
and ice will delay the warming-up in the summer. Although inversions are 
common in the interior, temperature will normally drop with height. All in 
all, surfaces in the mountains have a lower average tempcrature than in the 
vallevs and on the plains. Radiation will cause local variations as south-facing 
slopes get more energy than north-facing hill sides. 

Close attention should be given to the glaciers and their influence on the 
permafrost and the ground-water system. All glaciers of some magnitude in 
Spitsbergen are of the socalled subpolar type with melting temperatures in the 
higher accumulation area. This phenomenon causes openings in the continuous 
permafrost layer, through which water will sink into the ground below the 

glacier bed and cause a groundwater stream to flow downwards under the 
permafrost layer and out to the coast and sea (Fig. 2). The greater part of the 
meltwater will, howewer, particularly in the summer, follow the glacier bottom 
through tunnels in the ice and emerge in front of the glacier. 

In the winter too water will be seen coming out from underneath the glacier 

ter \e'lle\ 
Potent'ial gro�:�a 

- _.: 
- - Ol 

.. 

c 

n: 
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/ / 

Fig. 2. Vertical prefile ef the permafrost layer and groundwater mouement from the glacier accumulation 
out to the coast. 

Bepr1rna:rhJ1b1ti rrpoqJJIJib Mepa:rorHoro CJIOH II recremrn rpyHrOBOti BO;:J;h! c Mecra ee Jie;:J;HII

KOBoro HaKOIIJI8HIIH Ha 6eper. 
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snout, hut in much smaller quantities, making conspicuous large icings, some 
more than 5m thick, and covering areas of more than one square kilometre. 
These icings show whether a glacier is polar or subpolar. As mentioned above, 
they are very noticeable in the field and are clearly visible on air photos taken 
in mid-summer when the snow cover has melted while these thick layers of 
ice still remain. Measurements of the wattr in the winter show a more than 
ten times higher conductivity than the ordinary summer melt water. This 
difference indicates that a high percentage of groundwater is mixed with the 
"glacial" groundwater and the sub-glacial bottom meltwater. The bottom 
melting is of the order 0.2 1 sec-1km-2. The quantity of water stored in the 
glacier after the summer melting is unknown, hut it must be assumed that part 
of this volume gradually drains during the winter. It has been presumed that 
salts in the glacier ice gradually migrate out of the ice. In the winter, when 
discharge from the glacier is low, this salt could be responsible for part of the 
high conductivity measured. 

Lakes will also greatly influence the permafrost. Lake ice seldom exceeds a 
thickness of 2 m and even small lakes have large heat reservoirs. WERENSKIOLD 
(1922) made some theoretical calculations of the permafrost depth and the 
influence of sea and glaciers. He found that the permafrost would stretch some 
200 m off the shoreline in shallow water and with a sea temperature of 0°C. 
The same would be the case with a lake or a glacier with a bottom temperature 
of 0°C. If lakes and glaciers measure less than 400 m across, the permafrost 
should form a continuous layer underneath. Otherwise there would be no 
connection with the subpermafrost groundwater under small glaciers and lakes. 

Few direct measurements of the permafrost thickness have been made. 
According to 0RVIN (1944), the temperature in the coal mines at Ny-Ålesund 
in N.W. Spitsbergen pcssed melting temperature at between 130 m and 140 m 
near the foot of the steep mountain side of Zeppelinfjellet, hut further out on 
the plain 0°C was not reached at 150 m depth. In 1976 the author measured a 
permafrost depth of 140 m in a borehole near Brøggerbreen in the same area. 
LuTKEVICH (1937) reports that the Russians drilling for coal at Colesbukta 
penetrated the permafrost at a depth of 75 m. In the coalmines in Adventdalen 
the thickness is between 250 m and 450 m. These mines go through steep 
mountains where deep permafrost would be expected. 

The author measured the tempcrature in a "stoll" underneath the glacitr 
tongue of Larsbreen. Where the ovtrlying rock was about 50 m thick and the 
glacier thickness above was about 100 m, the temperature was -2.4°C. With 
a temperature gradient of I °C to 40 m, the 0° isotherme should be found at 
about 250 m. About the same depth was found under the glacier Foxfonna 
(LrnsTøL 1973). In a 64 m deep borehole to the bottom of this glacier the 
temperature was -3.3°C and in the mine 220 m below the surface, -0.2°C. 

In 1956 H. MAJOR (pers. comm.) measured temperatures in two boreholes on 
the southern side of Adventdalen and three near the Svea coal mines at the 
head of Van Mijenfjorden. He lowered cables each with six thermistor re
sistence thermometres into the water filled drill holes and remeasured until 
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Fig. 3. Temperature curves from three different boreholes: in the middle from Liljevalchfjellet near 

Sveagruva, to the right from the Endalen valley, and to the lift from the Sarkofagen mountain ridge near 

Longyearbyen. Note the upper part ef the curves perhaps reflecting the milder climate starting about 1920. 

TeMirnpaTypHhie HpnBhie Tpex pa3JIII'IHhIX c1rnam1rn: Ha rope Liljevalchfjellet, He)l,aJieHo OT 

PYAHnna Sveagruva (B u;e1upe), B )l,Omrne Endalen (crrpaBa) n Ha ropHOM KpHme Sarkofagen, 

B oKpecTHOCTn rrocemrn Longyearbyen (crreBa). BepxnHH qacTh KpHBhIX oTpamaeT naqan-

m11llcJI OKOJIO 1920 r. 6orree MJirKJIM TIIII KJIHMaTa. 

conditions were stabilized. The permafrost depth in Sarkofagen, a 500 m high 
mountain ridge S.W. of Longyearbyen, was 450 m, and the temperature 

gradient about 50 m/dgr. in the lower part. The other measurement, made 
5 km further south at the bottom of Endalen, showed a depth of 200 m and a 
temperature gradient of about 40 m/dgr. The temperature gradients are in 
good agreement with theoretical calculations according to which the gradient 
is steeper below a valley than below a mountain. As stated below, these 
calculations are rather problematic due to climatic variations. One of MAJOR

'
s 

measurements near Sveagruva was made in a hole 500 m a.s.l. halfway up 
the slope of Liljevalchfjellet. The depth to the 0° isotherme was 280 m. The 
other two holes were drilled in the flat area between the sea and the mountain 
foot. The reliability of measurements made in these two holes was not as good 
as in the others, but gave an indication of a permafrost thickness of more than 
200 m. A much deeper permafrost would be likely at the first hole on Lilje
valchfjellet. Reasons for this shallow depth might be the influence of the glaciers 
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in the ncighbourhood and the black shale absorbing more radiation cnergy in 
the south-facing mountain slope. 

As Fig. 3 shows, the upper part of the tcmperature curve has an almost 
vertical gradient. The explanation might be the warm climatic period be
tween 1920 and 1960. Sueh large and lang-lasting warm periods should 
manifest themseh es in a warming-up of the upper layers of the permafrost. 
Theoretic calculations also show that the depth of this heat wa\·e caused by 
the climatic changc is reasonable. The same phenomenon is observed in 
boreholes in Alaska (GOLD and LACHE'.\BRUCH 1973). 

As mentioned above, the groundwater flow will percolate from the firn 
area of the glaciers under the permafrost base down to the coast. The longer 
the distancc from the sea, the higher the groundwater ta ble. t:" nder the im
permeable permafrost layer the groundwater can act as artesian water over 
rather large areas (Fig. 2). The pressure is highest in low inland vallies where 
the differencc between the land surface and the water table is largest. The 
groundwater will not always flow parallel with the permafrost subsurface, 
the geological structures also being a directing factor for the course of the water 
flow. Impermeable layers may force the water down to large depths where 
geothermal heat is absorbed and later brought to the surface as warm springs. 

In the following description of springs and pingos it will be seen that all, 
with a few exceptions, are located in broad vallies or below slopes facing the 
coastal plains. This is natura! as the water tries to find its way to the surface 
where the pressure is high and the permafrost layer thin. But how can this 
water start prnetrating the frozen layer? ORVIN (1944) reflects on this subject. 
He thinks that the springs are relics from the postglacial warm period when the 
temperature was perhaps 2°- 3°C higher than today. He also mentions the 
postglacial uplift, and as most of the springs and pingos are below the marine 
limit, they could have started as submarine springs. 

Warm springs and springs with a large discharge have enough heat capacity 
to escape through the permafrost and keep a channel open. As will be mention
ed later, the discharge from the Trollosen spring in Sørkapp Land was 10 m3/ 
sec and the temperature +4°C which means a potential heat quantity of 
40 000 kcal/sec to be lost before freezing. When the author visited the spring 
near Kongsfjordneset at the mouth of Kongsfjorden in May 1975, no icing was 
seen. The water tempera ture was + 1. 7°C and the discharge 10 l/sec. This 
heat quantity was sufficient for the water to reach the sea before freezing. 

It is considerably more difficult to understand how small quantities of 
water at freezing point can penetrate and keep apen passages through the 
frozen layer. Water from the pingo near Jansonhaugen in Longyeardalen 
penetrates the sur±ace through a hole with a diameter of about 1.5 cm and a 
discharge of about 100 cm3/sec. This may be possible if the water, as suggested 
above, is forced to a large depth and warmed before starting its upward 
movement. On the other hand, the surface water temperature is -0.3°C and 
the salt content c. 5 g/l, which means that the water is at its freezing point. 
The same is the case in other pingos where temperature measurements have 
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been made. It is difficult, therefore, to explain why the water reaches this 
tempera ture just at the surface. The water may in the upper part of the passage 
be in contact with ice which will melt or freeze according to variations in the 

outer temperature. Another source of heat is the energy lost by friction when 
water is forced to the surface by artesian pressure. This friction and decrease 

in pressure is dependent upon the width of the water channels. A drop of one 
bar equals an about 0.02°C rise in the water temperature. In the above 
mentioned pingo in Adventdalen, where the discharge is 100 cm3/sec, this 
equals about 2 cal/sec. It is possible that a passage is kept open by a self
regulating mechanism as the climate changes. When the climate gets cooler, 
the width of the hole decreases because of freezing. This leads to a larger 
pressure gradient and friction which again compensate for the higher loss of 
heat. This means that the velocity and pressure must drop in other parts of the 
water channel system or that the water head must increase. 

l\!Iany pingos have no signs of subpermafrost water and seem at present to be 
inactive. It might be that the connection through the permafrost has been sealed 
off in thecold climate starting with the subatlantic time. ORVIN ( 1944) as mentio
ned above, is also of the opinion that the springs and pingos are relics from the 
postglacial warm period. The areas where most of them are found today were 
then situated below sea level and the permafrost layer was much thinner. 

SVENSSON ( 1970) is of the opinion that the pingos in Adventdalen were 
formed as "closed system" types when the sea level gradually subsided. At 
present these pingos are more likely of the "open system" type, as subperma
frost water is found in the form of large icings in the winter. 

How the pingos get their typical form is still a difficult question. 0RvIN 
( 194 1) thinks that ground ice might form in the autumn when water in the val
ley sides is forced in between the permafrost and the new, gradually increasing 
impermeable frost layer at the surface. This could also be adopted to the forma
tion of pingos. A similar phenomenon is seen in the winter when the ice dome 
on top of the pingo is broken up when water trapped between ice layers 
freezes (Fig. 10) . The artesian pressure could also play a part in the process. 

As seen in the description, the regular-shaped cones are not typical of 
Spitsbergen pingos. It seems as if the active part has changed its position over 
a large area leaving a duster of more or less defined cones and craters of 
different ages. Erosion and thermokarst phenomena together with solifluction 
have also to a large extent altered the original shapes. Some of the features 
described are not real pingos but just crack-patterned mounds with no sign of 
water having ever reached the surface. 

Some pingos are developed in localities flooded by tidewater. At the head of 
Woodfjorden, on the large and wide delta-plain, for example, the tide flows 
more than 2 km further inland past the mounds. We might think that perma
frost would not form so easily here. In the autumn, however, water on the plain 
gradually freezes to the bottom to a height that prevents further tide flooding. 
Thus permafrost is likely to be found right out to the delta front more than 
4 km further out. 



14 OLA V LIESTØL 

Fig. 4. Outline map of the more de tai led maps showing the si te of the different p ingos and springs described. 

06aopHaH 1rnpTa, rro1-rnshrnaID111aH pacrroJrnmemrn ooJiee rro;i,pooHhIX RapT MecToHaxom,a;emr.H 

omrcaHHblX I111Hro 11 11CTO'IHl1ROB. 
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Description of the pingos and springs in Spitsbergen 

PINGOS 

On the map in Fig. 4 each locality with a pingo or a pingo group has a 
number which is referred to in the text, starting in the north. 

I. A regular elliptic-shaped cone with the long axis E-W, is situated on the 
north side of Vatnedalen about 6 km from the west coast of Wijdefjorden. 
There is a 5 m wide depression on the top but no typical crater. This locality is 
possibly the same as that which KuRT WEGENER (1913 p. 140) observed in the 
winter of 1912 with steaming salt water. 

2. This locality in Bockfjorden is well known for its warm springs and will be 
dealt with later in this paper. There are also some pingo-like features on the 
delta plain at the head of Bockfjorden. Orre regular cone just outside the 
terminal moraine of Karlsbreen, is during most of the summer surrounded by 
a sheet of ice produced in the winter by sub-permafrost water. There is no 
crater at the top but a few cracks across the cone. Another pingo lies on the 
delta plain below the slope of the quaternary Sverrefjellet volcano. It is 
irregular in shape and partly eroded. 

3. On the north side of Stjørdalen, about 8 km from the east side of Wood
fjorden, is a 100 by 50 m mound that could be a pingo. No winter ice is seen 
on air photos and it might be a fossil form. 

4. About 2 km from the west side of Wijdefjorden on the south side of 
Purpurdalen, is an about 30 m high and 700 m long pingo. It has a 70 m wide, 
circular crater at the top. There are concentric, caldera-like rings inside the 
crater, but no lake. It is developed in raised-beach sediments and the light 
colour inside the crater indicates a still active type. The pingo was observed by 
P. F. FRIEND (1959) during the Cambridge Spitsbergen Expedition 1958. 

5. The occurrence of two pingos just outside the terminal moraine of 
Supanbreen near Krossfjorden, was observc,d by field parties of the 1962 and 
1964 Norsk Polarinstitutt Expeditions and described by TONY VAN AuTENBOER 

and WALTER Lov ( 1966). The southernmost and largest cone shows a perfect 

circular section with a 20 m wide crater. The northern and slightly smaller 
one has a typical horseshoe section indicating rupturing and overflow of water. 
An interesting fact is that the upheaval of the pingos affects the hard mica 
quartzite bedrock. It is possible that the formation of the pingos is connected 
with a minor fracture or joint perpendicular to the general orientation of the 
geological formation. 

6. Five pingos or pingo groups are found in W oodfjorddalen. The northern 
and outermost one is a 200 m by 100 m mound with a large NW-SE-going crack 
(Fig. 1). It is very conspicuous on the absolutely flat delta plain and has got a 

special name, Tantaliholmen, named by a Swedish expedition in 1900. The 
soft-clay ground, flooded at high tide,, makes it impossible to walk across to the 
hill in the summer. The next and smaller orre, also situated in the tidal area, 
has three crater rings linked together, the southern being the youngest. 
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Fig. 5. Map ef the pingos and springs in A: the area between Krass.fjorden and Wijdef.jorden, B: Prins 
Karls Forland and Brøggerhalvøya, and C: the southern part of Oscar Il Land. 

KapTa pacrrpocTpaHemrn mrnro H HCTOqHHnon: B o6JiaCTM Mem):ly aaJIMBaMH Krossfjorden 

M Wijdefjorden (A), Ha ocTpone Prins Karls Forland H rroJiyocTpone Brøggerhalvøya (B) 

rr n JOmHoil qacT1r patioHa Oscar Il Land ( C). 

A 500 m by 250 m pingo group or duster is situated on the southern side of the 
valley plain (Fig. 2) . There are no distinguished shapes except a characteristic 
50 m wide caldera-like depression on the western side. Mounds 10 km further 
up the valley and in the southern tributary valley, Piræusdalen, have a diffuse 
shape and may have been inactive for some time. 

7. N ear Kreklingpasset in De Geerdalen are two pingo mounds. The 
northern one is about 300 m long and rather diffuse, the southern one is more 
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Fig. 6. Pingo cl:Jster on the south-west side ef Wooifjorddalen. 

rpynna mrnro Ha IOro-aana)J;HOil: CTopoHe )J;OJIHHbl Woodfjorddalen. 
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clear in shape and has a large E-\V crack. They do not seem to be active at 
present and no winter ice has been observed. These pingos have the highest 
elevation above sea leve! of all the pingos in Spitsbergen, about 190 m, which 
is well above the marine limit. 

8. Pingos in Adventdalen. Easily accessible, situated near the mining town 
Longyearbyen, the pingos in this area are the best known in Spitsberge!1, They 
are described by 0RVIN (1944), PIPER and PoRRITT (1965), and Svru,ssoN 
(1970). 

The outermost is situated on the eastern bank of Moskuslaguna. From a 
morphological point of view it is nota real pingo and ORVIN describes it as a 
mud and clay soup with ice, through which water percolates from below. A 
chemical analysis of the water gave a salt content of 4.20 g per 1. 

5 km further up the valley below Ugledalen is a low 300 m wide mound. 
The age of this pingo is dated to less than 2,650 years B.P. by means of a radio 
carbon <lating of drift wood found by SVENSSON (1970). No spring has been 
noticed on this pingo. 

The next mound below Bassenfjellet is not so pronounced, hut its area is 
much larger, 825 m by 275 m. This pingo area appears to be much more active. 
During a visit in the winter of 1971, large ice domes were found. The owner of 
a hut on the top of the mound had noticed that running water was visible every 
winter. Chemical analyses from 1924 (ORVIN 1944) show a salt content of 
5.15 g per I, much the same as with the 

.
pingo at Moskuslaguna, hut with a 

much !arger percentage of Cl and S04• 

2 
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The highest pingo in Adventdalen is the one lying in the centre of the valley 
near the mouth ot Helvetiadalen. PIPER and PoRRITT (1966) made a map of 
the pingo in 1964, according to which it is 410 m from east to west and 200 m 
from north to south. The height above the river plain is 28 m. Adventelva 
flows around the south side of the pingo causing a steep erosion slope. The 
author visited the place in April and August 1972 and in J une 1976. During 
the first visit, a 3 to 4 m thick ice dome was found over the highest part of the 
pingo. The ice was broken and pressed upwards (Fig. 10) and water was 
running from a crack at the top of the ice in spite of an air temperature of 
-l 7°C. At the later visit in August the same year, the ice had melted, hut 
ice was found below a thin layer of shale debris. Water came to the surface 
through a 1.5 cm wide hole in the ice. The temperature was -0.3°C and the 
discharge about 100 cm3/sec. Chemical analyses were made by Limnologisk 
Institutt, Universitetet i Oslo, from probes taken in 1972 and 1976 and some 
of the components are listed below together with analyses made in 1924 
(ORVIN 1944) from the same place. 

Fig. 7. Pingos in the outer part of Woodfjorddalen. The surrounding flats,jlooded at high tide, are soft 
with sticky clay, making it impossible to walk across to the mounds. The pingo to the right is a conspicuous 

feature in this totally flat area and was named Tantaliholmen by a Swedish expedition in 1900. 

IlHHro BO BHenrne:ll: qacTH AOJIHHhI Wood.fjorddalen. ORpymaIO�He paBHHHhI, aaJIHaaeMhie 

npHJIHBOM' MHrRHe c JIHIIRO:ll: rJIHHO:ll:, He II03BOJIHIO�e:ll: nepeXOA qeJIOBeRa Ha IlOAHH
MaIO�HeCH cpeAH HHX XOJIMhI. CToH�ee crrpaaa mrnro, HBJIHIO�eecH 6poca10�e:ll:cH B rJiaaa 
qepTo:ll: B aTo:ll: coaepnrnHHO IIJIOCRO:ll: MeCTHOCTH, OhIJIO HaaBaHo Tantaliholmen ("TaHTa

JIOBhlM ocTpOBROM") qJieHaMH IIIBeACRO:ll: aRcrreAHJ.\HH 1900-ro roAa (Terrepenrnee HaaaaHHe 

- Tantalushaugen - "TaHTaJIOB XOJIM"). 
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BELLSUND 

Fig. 8. Map of the area between !�fjorden, Agardhbukta and Van Mijenfjorden. 

l{apTa o6JiaCTl1 Mem,a;y aamrnaMH Isfjorden, Ahardhbukta 11 Van Mijenfjorden. 
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There is a striking difference between the analyses. The one from 1924 
showed more than 2 g per 1 of S04, while there was no provable quantities of 
the same component in the analysis from 1972 and almost negligible quantities 
in that from 1976. On the other hand, the pro bes from 1972 and 1976 contained 

much more Cl than the old one. The discrepancy between the analyses is 
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difficult to explain. A photograph from 1930 shows that the ice dome was at 
the same place then as today. 

About 1.5 km upstream from the pingo mentioned above is a single pingo 
dome. According to PIPER and PoRRIT (1966) it is 90 m by 50 m and 7.8 m high. 
It is situated in the river bed. The surface is irregular with several small domes 
and is being eroded at the margins. During a visit by the author in the spring 
of 1972, no water and retrozen ice could be seen. 

The uppermost pingo in Adventdalen is situated on the southern side not 
far from the terminus of Drønnbreen. This pingo has a rather smooth surface. 

9. Eskerdalen. In the upper part of the valley near the junction of Juvdalen 
is an about 400 m long mound in the centre of the rather narrow valley. The 
river has cut a gorge on each side and the northern river branch has cut through 
the eastern low parts of the hill. In the middle of the mound is a dome with 
regular and radial cracks. This pingo is an active one with permanent running 
water. 

Further down the valley on the south side are two small circular mounds 
with cracks on the top. A fourth feature in the lower part ot Trehøgddalen 
could be a pingo. The river erosion has excavated a large part of it. 

Fig. 9. The pingo north of Janssonhaugen in Adventdalen. This photo was taken on April 18, 1972, 
when, in spite of an air temperature of-ll°C, water flowed out of the ice on top of the mound, and spread 

far out on the snowcouered river plain beforefreezing. 

8Ta cpoTorpa.PHH pacrroJiomeHHoro ceBepHee rophI Janssonhaugen B JJ;OJIHHe Adventdalen 

IIHHI'O 6i,rna CHHTa 18 arrpeJIH 1972 r., KOI'JJ;a HeCMOTpH Ha TeMrrepaTypy B03JJ;yxa B -17° c 
Bop;a BbITeKaJia c JieJJ;HHoit 11epunrnbl xoJIMa, pacnpocTpaHHHCb, p;o aaMepaaHHH, p;aJieKo no 

IIOKphITOit CHeroM peqHoit paBHHHe. 
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Fig. 10. Glose-up of the faulted and broken ice dome at the top of the mound in Fig. 9. The height of the 
ice is about 5 m. 

HpyIIHh!M IIJiaHOM CHHMOK c6poCOBoro H CJIOMaHHOro Jie;rvrnoro KYIIOJia, 

rrpe�CTaBJieHHOro Ha pøc. (Fig.) 9 Ha BepnmHe XOJIMa. BLICOTa Jlh�a OROJIO 5 M. 

10. A high pingo which is very distinctive from the flat river plain is found in 
Ventlomdalen, a tributary valley to Sassendalen. The sides are steep hut rather 
irregular with no crater on the top. Further down the valley, eroded mounds 
with cracks on top might be remnants of a larger pingo group. 

11. Just below the advancing Marmor breen in Fulmardalen is a high 
irregular cone. It has a crater on the top and seems to be active. 

12. In Agardhdalen is a large duster of pingos in the centre of the broad, 
flat valley plain. No marked crater is seen and the rises are partly eroded on 
the east side. A single pingo on the lower slope of Roslagenfjellet has large 
crevasses hut no crater-like features. 

13. Pingos in Reindalen. The largest and most typical pingo features in 
Spitsbergen are found in Reindalen. They are marked on the geological map 
"Adventdalen" and have been studied by HARALD MAJOR (1972) and 
RICHARD ÅHMAN (1973). 

The easternmost pingo is found at the terminal moraine of V egbreen. The 
southernmost one goes in fact partly into the moraine itself. This is also the 
highest with a caldera surrounding a central cone. The northernmost pingo is 
a smooth dome with small radial cracks. The northern side is partly eroded by 
the river. A small low dome lies 100 m to the west of the latter. Further down 
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the valley, on the north side of the river below Agardhfjellet, two other low 
rises are found. They have only a few cracks and no crater features. 

The next pingo in the centre of the river plain below the Bergmøya mountain 
is ane of the highest and most remarkable pingos in Spitsbergen. ÅHMAN 
measured the height to 42 m above the river plain and the length to 320 m. 
The central part of the tap is occupied by a small lake. No drainage was 
observed by ÅHMAN in the summer of 1972, and during the author's visit in 
April the same year, no ice formation was observed. The crater sid(.S are nearly 
vertical on the southern side and consist of broken sandstone beds which are 
most probably part of the "Festningen sandstone" (H. MAJOR pers. comm.). 
A coal seam is seen in the east part of the crater. It is remarkable how the rock 
layers are pressed upwards to this elevation from below the river sediments. 

The next two pingos, both with craters and lakes, are situated on the northern 
side of the river opposite Marthabreen. According to ÅHMAN the height of the 
eastern ane is 28 m and the western 20 m above the flood plain. The drainage 
from the lakes was negligible at ÅHMAN's visit and there was no ice-formation at 
the author's visit in the spring. 

About 1.5 km further west is a circular dome-shaped rise or blister on the 
slope from Merckollfjellet. An east-west crack system goes through the highest 
part of this ice blister. The dame is bordered by another circular crack system. 

A large 750 m lang and 36 m high pingo is found in front of Kokbreen. 
There is no typical crater, but a 50 m lang east-west depression crosses the tap. 

Fig. 11. Pingos in Reindalen. The snout and moraine field of Marthabreen is seen in the lower left part 

of this air photo. An "ice blister" is seen in the upper left part. 

Ilnaro B .n;oJIHHe Reindalen. CJieBa BHHay BH.D;Hhl cppoHT H Mopeaaoe noJie Jie,n;HHHa Martha

breen. CJieBa HaBepxy BH.n;ea "Jie.n;aaon BOJI.D;hlph". 
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As is the case with the pingo below the Bergmøya mountain mentioned above, 
this also partly consists of 'Festningen sandstone' from Upper Cretaceous. 
The layers are tilted from the centre to both sides indicating an upward 
pressure in the centre. 

The last pingo to be described in Reindalen is a small crevassed rise on the 
river plain just west of Johan Ankerfjellet. There is no crater, and no ice lefr 
from the winter was observed. 

14. In Lundstromdalen, three pingos have been observed. At the mouth of the 
valley is a 200 m by 100 m hill with the long axis across the valley in a NE-SW 
direction (mentioned by PIPER and PoRRITT 1966). 

In the valley below Statsbreen, in the middle of the deep gorge cut by the 
river in the alluvial sediments, are the remnants of a small pingo. Cracks and 
what seems to be part of a crater, are still visible. Further down the valley 
where the terminal moraines of Glitrebreen and the glacier from Slottsmøya 
meet, there is a mound with a lake on the top which could be a pingo. It has 
not been visited in the field and could be remnants of a moraine. 

15. In the upper part of Kjellstromdalen on both sides of the river plain 
below Storbullen are two pingos. The one on the northern side is a high, 
single, regular cone with a small lake on the top. The southern is rather a 
complicated group of pingos with calderas and erosion shapes. 

Below Edvardbreen on the alluvial cone, are irregular cracked mounds 
which go partly into the terminal moraine. 

Two groups of mounds lie in the middle of the narrow valley between 
Storlengja and Storknausen just in front of the advancing glacier. W eak traces 
of cracks are found on the top. 

Further down Kjellstromdalen, near the junction of Lundstromdalen, is an 
irregular group of low mounds which might be a fossil pingo group. Just 
outside, in the middle of the broad valley plain, is a single feature which is 
also most likely an erosion form of a pingo. 

16. Pingos in Grøndalen described by 0RVIN ( 1944), are situated in the 
middle of the valley on the north side about 10 km from the coast. The mounds 
are elliptic-shaped with the long axes in a NE-SW direction. The northern 
one is still of the same shape as described by 0RVIN with a small pond about 
20 m in diameter on the upper side. The pond on the other pingo could not be 
identified on air photos from 1960. According to 0RVIN this pond was fed 
from a spring giving about 3 1 water per sec. There are cracks along the ridge 
of both hills, and from the southern one a mud-flow-like feature goes out onto 
the river plain. Large icings were seen during a visit in the spring of 1976. 

Two other groups of pingo hills seeming less active are found on the other 
side of the river. Other inactive pingos are located, one about 2 km upstream 
and two further down the valley. 

17. A few mounds of uncertain origin on the east slope of Rypefjellet, might 
be pingo-like ieatures. On the southern side, however, is a large pingo with a 
regular 60 m wide crater lake. There are no cracks or erosion forms indicating 
any recent activity. 
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Fig. 12. Pingo at the north slope of Dunderdalen. 

IlHHI'O y ceaepHoro CKJIOHa AOJIHHhl Dunderdalen. 

18. On the broad river plain in Berzeliusdalen about 5 km fro m the coast 
and 12 m above sea level, is a double pingo. The eastern ane has a marked 
caldera ring with a dia meter of about 50 m with a regular 15 m high cone 
inside. This pingo is also described by 0RVIN observing water with gas bubbles 
coming up fro m a spring in the pingo. kings and running water were also 
seen in the spring of 1976. 

Further up in Aurdalen is a pingo group. The eastern most ane is cone-shaped 
with a light colour indicating less vegetation and therefore, perhaps recent 

activity. 
19. A s mall mound with cracks, most likely a fossil pingo, is located at the west 

side of Danzigdalen about 4k m from the southern shore of Van Mijenfjorden. 
20. Four pingo-like hills are situated at the botto m of Cha mberlindalen 

south of Recherchefjorden. They have irregular shapes with cracks and are 
partly eroded by the river. There <loes not see m to be any recent activity. 
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21. Orre of the most typical pingos in Spitsbergen is found on the northern 
side of Dunderdalen. As Fig. 12 shows, the top has caldera-like depressions on 
the top and the cone-shaped mound is very regular. This one is not situated 
in the middle of the valley as most pingos are, but at the lower slope of the valley 
side. The geological map shows its location just at the border between a tillite 
and a greenstone-schist. 

2 km further up the valley is another typical pingo with a small cone and 
crater at the west side, also situated at the geological border. A third small 
cracked mound lies beneath Dunderfjellet. About I 00 m from the latter, a 
spring is flowing from beneath one of the characteristic talus accumulations 
leaving a large sheet of ice from the winter's freezing. 

Fig. 13. Map of Sørkapp 

Land and Edgeøya. 
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Pingos in other parts of Svalbard 

As will be seen on the map, most of the pingos are concentrated in the central 
part of Spitsbergen especially between Isfjorden and Van Mijenfjorden. In 
other parts of Spitsbergen they are scarce or hitherto not found at all. This is 
the case with Ny Friesland, Olav V Land, Oscar Il Land, Torell Land, and 
Sørkapp Land. 

On the other islands of Svalbard only a few on Edgeøya have been found 
until now, and they will be briefly described here. 

22. A small pingo lies in the river bed about 10 km up Raundalen. 
23. In Raddedalen between Kvitisen and Blåisen is a small pingo with cracks 

hut no crater. 
24. In Smelldalen are two groups of pingos. The easternmost, described by 

A. WIRTHMANN (1964), is the most conspicuous one, with a near to circular 
shape and a lake in the centre. 

25. The last one is a high cone-shaped pingo almost in the centre of the 
island at the end of Dyrdalen between Storskavlen and Edgeøyjøkulen. 

SPRINGS 
As mentioned above, many of the springs in Svalbard are described in 

detail by 0RVIN (1944). The below description is short and deals also with a 

few new findings. It does not include springs connected with pingo mounds, 
nor does it include water emerging from underneath almost all larger glaciers. 
On the enclosed maps, springs are marked with a triangle. 

Springs in Backfjorden. These springs have been known for a long time and 
are described by HOEL and HOLTEDAHL (1913). There are a total of eight, all 
lying on a north-south line near a large fault zone. Two are located north of 
the quaternary Sverrefjellet volcano and the rest about 5 km south of the 
volcano. Large tuff terraces with shallow basins are built up in connection 
with the springs especially below the southern ones. The highest temperature, 
28.3°C, has been measured in ane of the southern springs and the mineral 
content was 2.41 g/l. Their locations indicate a volcanic origin. 

On the northern side of Kvadehuken, near the coast west of Kongsfjordneset, 
is a large spring feeding a creek with running water all year round. Small 
wintering fish have been observed. The water discharge, 10 I/sec, was measured 
by the author in May 1975. Water temperature was l .7°C and air tempera
ture -6°C. 

At the foot of Zeppelinfjellet, south of Ny-Ålesund, is a small lake called 
Tvillingvatnet from which water is flowing late in the autumn after all surface 
drainage has stopped. Measurements of the water conductivity in the summer 
of 1974 showed a much higher value than in the near-by creeks. It is believed, 
therefore, that the lake is fed by a spring at the bottom. At a drilling for coal 
prospecting near this lake, high pressure water was hit at 18 m depth. The 
thickness of the permafrost at this place is about 140 m. 

5 km further east, in front of Midre Lovenbreen, is a spring with high salt 
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Fig. 14. Icing from a spring west of Alkhornet on the north side of Isfjorden. In the winter the ice will 
stretch out right to the sea about one kilometre from the source, covering a much !arger area than on this air 

photo taken on 25 August 1970. 
IIpoHCXO;IJ;HI11aH H3 pacrroJiomeHHoro aarrap;Hee rophl Alkhornet Ha ceBepHOM 6epery aaJIHBa 

Isfjorden HCTOqHHKa HaJie;IJ;h rrpOTHrHBaeTCH ;IJ;O caMoro MOpH, rrpHMepHO Ha KHJIOMeTp OT 

Hero' IIOKp1.rnaH ropaap;o 60JibillYIO IIJIOilla;Ii;b' qeM Ha HaCTOHI11efi B03;IJ;YillHOfi tfloTorpaqtHH' 

qtOTOrpaqtHH, CHHTOfi 25 aBrycTa 1970 r. 
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content. In the winter, very large ice sheets are formed in front of the spring, 
stretching about 1.5 km right down to the coast. 

The locations on the strandflat north of Isfjorden and on the west side of 
Prins Karls Forland, have not been visited by the author, but large icings have 
been seen from the sea and on aerial photographs. Especially the one just 
west of Alkhornet builds up a very large ice sheet covering the strandflat from 
the mountain foot right to the sea (Fig. 14). 

The area between Linnevatnet and Kongressvatnet, south of Isfjorden, has 
at least three springs. The outlet river from Kongressvatnet is running through
out the winter, which is an indication of the existence of subaquatic springs, 
and it is serving as wate1 supply for the mining town of Barentsburg. 

On Finneset, on the east side of Gronfjorden, is a small spring. The discharge 
is measured to about 10 l/min and the temperature was 5.5°C when 0RvIN 

visited the place in 1926. Gas, mainly metane, bubbled up with the water. 
Springs of the same type as those on the strandflat north of Isfjorden are 

found along the hillfoot between Kapp Linne and Bellsund. One of them, on 
the north side of Orustdalen, is mentioned by 0RVIN. He saw a large ice sheet 
in front of the spring indicating winter discharge. 

In Dunderdalen, on the north side, water comes out below a talus accumu
lation. Further out on the plain is an ice blister which is perhaps formed in 
connection with this spring. 

ORVIN has a detailed description of the springs in the Hornsund-Sørkapp 
area. They all seem to have connection with the limestone found in a belt from 
Stormbukta to the north side of Hornsund. 

One of the springs is located below Sofiekammen on the northern side of 
Hornsund, two others on the southern side below Tsjebysjovfjellet. Orvin did 
not measure the te:mperature but estimated it to about 10-12°C. 

The largest known spring in Spitsbergen is named Trollosen and is located 
at the shore north of Stormbukta. At high tide the sea might reach the outer 
part of it. WERENSKIOLD (1920) measured the discharge to 10 m3/sec and a 

water temperature of 4.0°C. Later observations by H. MAJOR and T. WINSNES 
(personal comm.) showed that the discharge in some small springs further 
west had large variations, and it seems to change in the same way as in the 
near-by glacial rivers. The: greyish and green colour also indicates a glacial 
origin of the water. 0RVIN (1944) thinks the water may come from the glacier 
field behind Hilmarfjellet, draining through limestone covers to the coast. 
The water has to go deep below the permafrost border to absorb the large 
amount of heat, 40,000 kcal/sec. The large variations in discharge on the other 
hand, indicate a short drainage distance. 

Some smaller springs are found in the same area. Just north of Olsokbreen, 
WERENSKIOLD (1920) measured a temperature of l0°C and a discharge of 
0.15 m3 /sec in one of them. In two smaller springs further west, the tempera ture 
was l5°C. Later WINSNES measured the temperature in one of them to be 
16.3°C. Chemical analyses (WERENSKIOLD) from the former showed per litre: 
0.315g Ca, 0.062g Mg, 2.150g Na, 0.256g K, 4.016g Cl, and 0.046g S04• This 
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means that about 80% of the salt content is NaCl. The possibility of sea water 
leaking into this water system is not unlikely, the spring lying near sea level. 
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Setevatnet, a glacier dammed lake in Spitsbergen 

By OLA V LIESTØL 

Abstract 
The glacier dammed lake described has a special topographic location, lying in an ice

filled pass between the two glacier streams, Kongsvegen and Uversbreen. When filled, the 
lake is partly subglacial. In spring 1975, it had a sudden catastrophic draining when water 
surged out of a ane kilometre lang crack further down the Kongsvegen glacier. The drainage 
mechanism is difficult to explain, but possible causes for depletion are described. The filling 

period of the lake is calculated to be about three years. 

Glacier dammed lakes are common in Spitsbergen, but most of them are 
small and short lived. Some are just shallow ponds on the ice surface. The larger 
and deeper ones are more or less bordered by land. The lake described here -
Setevatnet - is of an uncommon type, partly subglacial, and located in a low 
ice-filled pass between Kongsvegen and Uversbreen, the two large glacier 
streams east of Kongsfjorden. 

The existence of the lake has been known for a long time, and it was first 
named on a map made by the Monaco expcdition in 1909. It is also found on 
the map made by the German expedition in 1964 and on a map published by 
Norsk Polarinstitutt based on air photographs from 1966. 

The lake covers about 1.5 km 2, but only a small part on the northern and 
southern sides is open water - the rest is subglacial. The height of the lake 
surface when filled, is about 270 m a.s.l., which is about 100 m below the 
glacier equilibrium line in the area. lee is flowing in to the depression from 
both sides, especially from Uversbreen and the small tributary glacier, Vesle
breen. Large areas of the floating ice are covered by morainic material origin
ating from side and middle moraines further up the glaciers. 

When visiting the locality at the end of May 1975, the author found the lake 
just emptied. The highest water level could be identified on the northern and 
southern sides as a sharp line below which last winter's snow had disappeared. 
Where the lake had subsided, crevasses marked the outline of the subglacial 
part. The ice suriace in the depression, now far below the height of the pre
vious shore line, was still snow-covered, indicating that it had not been 
flooded by lake water (Fig. 1). 
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Fig. 1. In the foreground the pass between Uversbreen and Kongsvegen glaciers with the now empited lake. 
The previous shoreline is seen in the snow on the mountain side. Crevasses on the ice suiface indicate the 

extent of the subglacial lake. In the background the one kilometre Long crevasse where water surged out and 
swept away snow down the glacier. 

Photo: J. ANGARD 

In order to survey the lake, a base line was measured and from each end 
points on the surface of the subsided ice and the shore lines were intersected. 
As it was difficult to link this local survey to the main trig net, the height of the 

left station was estimated to 300 m a.s.l., using the contour lines on the maps. 
Using this height as a reference, the shore line of the open part was 268 m a.s.l. 
while the bottom line was 223 m. The height of the previous floating ice was 
about 240 m a.s.l. in the center part. This means that prior to depletion, the 
height was 268 m, plus 1/ 10 of the ice thickness. If the ice is, say, 100 m thick, 
the subglacial water layer will be 38 m. As the rock bottom and the ice surface 
vary, this layer will also vary in thickness. The sketch in Fig. 2, demonstrates 
how a vertical profile through the sadel point may look. The total water 
volume stored is roughly calculated to about 40X 106m3• 

Most remarkable is the emptying of this lake which took place in the middle 
of May (Fig. 3). The catastrophe was neither seen nor heard in this remote 
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area, but traces of it were extraordinary. On the Kongsvegen glacier, about 
2 km downstream from the lake, a long crack appeared, making a 1-10 m 
high step on the glacier surface. The crack was about one kilometre long with 
an inclination of 45°. Water surging out of the crack, swept away the thick 
snow layer over large areas right to the sea about ten kilometres further down 
(Figs. l and 3). Large blocks of ice broke away from the crack and were brought 
downwards by the flood (Fig. 4). A large part of the water had been con
centrated on the left margin along the side moraine. Further down, the water 
stream went first supraglacial and then subglacial through large moulins 
along the glacier side. 

The drainage mechanism of this glacial lake is difficult to explain. It may be 
quite complex, and many facts about the lake, as for instance depth, the form 
of bedrock, and the subglacial draining systems are unknown. Fig. 2 shows a 
vertical profile from Uversbreen to Kongsvegen through the glacier dammed 
lake. Water is draining to the lake from the glacier surface on both sides. When 
the water level has reached a height equalling about 9/10 the thickness of the 
glacier ice in the lowest centre part, it starts floating and the subglacial water 
layer will begin increasing. 

The emptying of the lake should theoretically start when the water reaches 
the critical level which is 9/10 of the damming ice, in this case on the Kongs
vegen side. This process will not lead to any depletion of the lake by itself, as a 
balance between the pressures of the ice and the water at the bottom will 
occur instantly. Thus, still theoretically, only a water volume corresponding to 
the supply into the lake will be drained. The explanation for the occurrence of 
a catastrophic depletion might be that the water level reaches a height some 
metres above the critical one, and then a sudden break-through will take place. 
This may be said to be a normal way glacier lakes deplete. The extraordinary 
phenomenon in this case was the lifting of the glacier, forming the large fault 
in the ice where the water surged out. The water from the lake may have 
escaped under the ice as some kind of sheet-flow and increased its pressure in 
relation to the glacier ice as it forced its way down along the bedrock. The most 
spectacular feature of this extraordinary event is the length of the fault and the 
water coming in such large quantities out of the crack along its entire length. 
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Fig. 2. A sketch of a profilt through the glacfril foke indicating conJitium bifore and after d:pletion. 
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Fig. 3. In the foreground the fault where the water surged out and in the background the pass where the 

lake was dammed. 

Photo: J. ANGARD 
As the height of the fault line is approximately 255 m a.s.l., which is many 

metres above the lake bottom, only part of its stored water could escape here. 
Water belo w this level must find other ways out. 

Like most other glacier dammed lakes, also this one must have periodic 
fillings and drainings. The length of the period is dependent upon the size of 
the catchment area and the precipitation rate, or in this case, ablation rate, 
of the glacier. The intake area is approximately 15 km2, hut the precipitation 
is not kno wn. According to mass balance measurements on Brøggerbreen and 
Lovenbreen further west, ablation plus summer precipitation would amount to 

about 1000 mm/year. This means that filling of the lake will take about three 
years. The influx to the lake is limited to the short summer melting season. 
It is therefore astonishing that the depletion took place in the spring at a time 
when the lake level had remained constant for about eight months. 
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Fig. 4. One of the ice blocks being broken ef.ffrom the crack by the flood. Note the snow which still remains 
on top of the block. 

Photo: K. REPP 
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Abstract 

A seismie refraction survey was carried out at Jan Mayen in August 1973 to determine the 
crustal velocity mode! so that local earthquakes can be located more precisely with the new 
permanent tripartite seismie array on the island. Twenty-five depth charges (135 kg TNT 
each) were detonated around the island. The detonations were recorded by the permanent 
array and also by three temporary field stations. The following average crustal velocity struc
ture has been calculated from the data assuming layering with constant velocities in each layer: 
Layer I is <0.2 km thick near Jan Mayen and increases in thickness along two profiles trend
ing NW and SE from the island (reaching 1.4 km to the SE if 2 km/sec is assumed); Layer I is 
0.5 km under the island assuming a velocity of 2.5 km/sec; Layer 2 (3.14±0.17 km/sec) 
reaches a depth of about 3 km; Layer 3 (6.33±0.13 km/sec) reaches about 18 km; Layer 4, 
below a depth of 18 km, may have a velocity as great as 8.27 km/sec. 

lntroduction 

The Norwegian Defence Communication Administration established a new 
modem tripartite seismie array on Jan Mayen in the second half of 1971. The 
main purpose of the array is to monitor the local seismie acitivity on this 

1 Seismological Ob�ervatory, University of Bergen, 5000 Bergen, Norway. 
2 Statens Oljedirektorat, 4000 Stavanger, Norwav. 
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volcanic island. The intensity and pattern of the local seismie activ1ty may 
provide valuable warnings of impending volcanic activity for the small com
munity on this isolated arctic island. Investigation of the data from a one
component seismie station run by the University of Bergen on Jan Mayen 
from 1962 to 1970 revealed that events located by the international network 
of stations have large errors in the focal parameters ( AusTEGARD 197 4). The 
investigation emphasized the need to determine the velocity structure in this 
area by controlled explosions. Another investigation of the data from the same 
station showed that most of the events recorded are local events within a range 
of 100 km (NAVRESTAD and SøRNES 1974). The latter study also presents local 
earthquake frequency-time data against which future frequency can be 
compared. It also presents epicenter maps covering different time intervals: 
An 18-year interval to show the general seismie pattern, and various 31-
month intervals to show the variation in the seismie pattern befare and after 
the September 1970 Beerenberg eruption. All these epicenters are for events 
located by distant stations, and the corresponding magnitude threshold is just 
below mb = 4. 

In order to extend these continuing investigations to local earthquakes of 
lower magnitude, and also to increase the location accuracy of the larger 
events, a carefully determined seismie velocity model is needed for Jan Mayen. 
This paper presents the data and interpretations of such a study done in 
August 1973. 

The field observation program 
The shooting program 

The data for the shots are given in Table 1, and the shot-array is shown in 
Figure 1. The shooting program was performed by the Norwegian Navy 
frigates "Stavanger" (shots 1-16) and "Trondheim" (shots 17-25) on August 
15 and 16, 1973. The shots were detonations of depth-charges of 135 kg TNT 
each at a depth of 92 m. This is the optimum depth for a charge of this size in 
order to record distant P n arrivals (JACOB 1970). 

Timinrs for both the shooting and the field recording parts of this survey 
was provided by local broadcasting of the coded one-second pulses from the 
permanent seismie station on Jan Mayen. The timing signals were transmitted 
by the 362 kHz transmitter of the Jan Mayen radio-beacon (0.1 kW). The 
shooting ship announced each shot 10 minutes in advancc by short-wave radio 
(2.356 MHz). These messages were repeated on the same frequency by the 
other ship which was on the opposite side of the island. During most of the 
survey from shot 1 onwards, the main Jan Mayen Radio also repeated the 
messages on the same frequency, and during most of the later part of the survey 
the messages were also repeated by interrupting the otherwise continuous time 
signals from the radio-beacon transmitter. 

The shot times were recorded on magnetic tape by recording the output 
from a hydrophone in an outside-hull watertank on the shooting ship. Another 
channel on the tape-recorder recorded the timing signals from the radio-
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Table 1 
Shot data August 1973 (See text about data in parentheses) 

No Date Soundings (m) Latitude 

I 15 (2240) 71°43.41'N 
2 15 (2100) 71°32.38'N 
3 15 (1640) 71°23.07'N 
4 15 (820) 71°14.04'N 
5 15 212 71°05.82'N 
6 15 435 71°02.40'N 
7 15 365 70°58.80'N 
8 15 188 70°47.35'N 
9 15 120 70°47.62'N 

10 15 115 70°50.32'N 
11 15 120 70°45.30'N 
12 15 250 70°34.57'N 
13 15 410 70°23.47'N 
14 16 750 70°13.24'N 
15 16 ( 1280) 70°02.87'N 
16 16 (1255) 69°52.43'N 
17 16 117 70°59. 73'N 
18 16 130 71°01.iO'N 
19 16 150 71°07.83'N 
20 16 105 71°09.47'N 
21 16 140 71°08.66'N 
22 16 115 71°01.90'N 
23 16 120 70°58.82'N 
24 16 130 70°56.60'N 
25 16 117 70°56.12'N 

11° 

01 

72°-3-9� ... 

Fig. I. Map of shots and recording stations. 
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beacon transmitter. The recorded time was corrected for the travel time of the 
direct water wave between the drop-point and the p;)sition of the ship at the 
time of deton.ation. The ship travelled an average distance of 350 m befare 
detonation. To obtain this distance accurately, a man at the stem of the ship 
measured the elap3ed time between the drop and the detonation with a stop
watch ( ±0.5 sec.). The speed of the ship was known to within five percent. 

The velocity of the shock wavc in water ( 1465 m/sec) was calculated from the 
water temperature measurement3 routinely taken by the staff at Jan :Mayen 
(4.87°C), an assumed salinity of 34%0 (P1cARD 1963, Fig. 11 pp. 43) and a 

table of sound velocity in sea water (MATTHEWS 1939). A variation in the 
salinity of 1 %0 will make only 1.2 m/scc difference in the computed velocity. 

In this way the distance from the hydrophone to the shotpoint could always 
be estimated to within ±20 m and it was possible to calculate the shot time to 
within an overall accuracy of ±0.02 sec. 

The shot time for shot 22 was lost due to practical difficulties on board the 
shooting ships. The shot times for shots 2-4 and 10-12 were inadvc::rtently lost, 
because the recording tape was flipped on the recorder which was modified 
to record the seismie channels on one track and the radio-transmitted timing 
signals on the other track. Thus, the recording for shots 5-9 erased the recording 
for shots 2-4 and similarly shots 13-16 erased shots 10-12. Estimated shot times 
for the erased shots are given in parentheses in Table 1, and werc estimated 
as follows: Dummy shot times were first assumed; the resulting dummy travel 
times were used along with the real travel times of all the other refraction 
arrivals trom the main crustal layer in time-term calculations. The calculated 
dummy time-terms were subtracted from the dummy travel times, and an 
average time-term of the nearby shots was added instead. The resultant esti
mated shot time is believed to be correct to within ±0.2 sec. 

An independent method was used to estimate some of the erased shot times. 
The shots 1-5 gave very clear T-phase arrivals at the temporary three
component field station JMS. These phases were transmitted through a low 
velocity channel in the ocean, the Sofar channel, befare impinging on the 
island. The arrival data of shot0 1 and 5 indicated a water velocity of 1454 m/sec 
for the T-phasc (against the calculat,:d surface water velocity of 1465 m/sec 
mentioned above). Shot times calculated from the T-wave velocity resulted in 

shot times within =0.3 sec of shot times calculatc:d by the first method. 
No geological conclusions have been drawn about the shot sites for f1':'. s:nts 

having estimat"".d shot times. Howevc::r, the d01ta for these shot3 do contribute 
valuable information concerning the station sites. The estimated shot times 
given in Table 1 were calculated in order to use the recordings for purposes 
which do not require shot times of the highest precision, such as the record 
scctions described later. 

The positions of the drop-points for shots 17-25 were determined by radar. 
This method is believed to provide a location accuracy of hetter than two 
percent of the distance to the known target. The positions of the drop-points 

for the shots 1-16 were determined by the Norwegian Sea Chain LORAN C 
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(SL3) from stations X Bø (Norway) and Y Sandur (Iceland). The drop
points for shots 6-11 were also determined by radar to calculate the different 
corrections for the X and Y readings in order to achieve the necessary accuracy 
on the two profiles pointing away from Jan Mayen. For shots 1-5, X is cor
rected by +2.0 µsec and Y by +9.5 µsec while for shots 12-16, X is corrected 
by 72.0 µsec and Y by +9.5 µsec. The overall accuracy for all positions of 
the shots is better than ±200 m. 

The recording stations 

The data for the station si tes are given in Table 2, and locations of the record
ing stations are also shown in Figure 1. In addition to the three stations of the 
permanent seismie array atJan Mayen (site Nos. 2, 4, and 5), three field stations 
were temporarily established for this survey (si te Nos. 1, 3, and 6). Si tes 1 and 6 
are nearly inaccessible by land from the main camp at Jan Mayen and were 
occupied, therefore, by teams landed and recovered by the shooting ships. 

The positions of the temporary field stations are read from the maps 
(1 :20 000) and are believed to be correct to within ±40 m. The positions of the 
permanent sites are given by a geodetic field team from Norsk Polarinstitutt, 
and are thought to be much more accurately located than the temporary ones. 

The seismometers of the permanent seismie array are operated at a resonant 
frequency of 1 Hz, and these represent the high-pass filter of the system. The 
output is transmitted by surface cables to the main camp and recorded FM
modulated on magnetic tape at a speed of 15/160 inches per second. The 
recording part or the system represents the low-pass filter of the system and is 
3dB down at 31 Hz. The timing system of the seismie station receives signals 
from an outside standard oscillator system with a long-term stability of better 
than 2 X 10-11 per month and with a short-term stability which is conser
vatively rated at less than 7 X 10-12 rms average over a one-second period. For 
this survey only the short term stability is relevant, because the same timing 
signals were used at all recording sites as well as both the shooting ships. 

The field instrument system used at station sites 1, 3, and 6 is described by 
BERCKHEMER ( 1970). In the particular version employed here, the signals from 
onc vertical and two horizontal Geospace HS-10 1 Hz-geophones were re
corded. The horizontal geophones were aligned parallel and perpendicular to 
tl::e long axis of the island. 

Table 2 
Recording station sile data 

No Code Latitude Longitude Elevation (m) 

I JMS (T) 70°52.58'N 09°01.87'W 10 

2 JMI 70°55.70'N 08°43.85'W 211 

3 JMM (T) 70°57.89'N 08°37.88'W 20 

4 JNE 70°59.39'N 08°17.Sl'W 57 

5 JN W 71°01.72'N 08°25.69'W 95 

6 JMN (T) 71°09.55'N 07°59.13'W 10 

T indicates temporary station. 
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Data reduction 
Corrections 

The observed travel times had to be corrected for the variations in elevation 
at the recording stations as well as for the varying water depth below the shot 
points. Therefore, we used mean sea level as a common datum plane for both 
the shots and the stations. 

All shots were fired at a water depth of 92 m. The travel time was corrected 
for the time delay due to the water by replacing the water with a layer having 
the same seismie velocity observed for the uppermost crustal layer (3.1 km/ 
sec). It was possible to calculate this velocity without applying the small water 
depth correction beforehand, because of the shallow water for shots nearest the 
island. These corrections, as well as the corrections for the sedimentary layer 
mentioned below, were calculated as the differences in time-terms to the 
refractor in question for the different phases in the assumed model and the 
datum model after trial calculations to determine approximate velocities and 
depths. 

The water depth below each shot was determined by a shipboard echo
sounder with the following exceptions: The depths for the shots 1-4 are esti
mated from the bathymetric map by JoHNSON and HEEZEN (1967, Fig. 4), 
and the depths for the shots 15 and 16 are estimated from Consol Lattic Chart 
L113. 

U sing the same reasoning as above, the recording station corrections were 
calculated by adjusting the station to sea level and using a velocity of 2.5 km/ 
sec for the removed material. 

The thickness of layer 1 along the two profiles away from Jan Mayen is 
very difficult to calculate by the present data, because layer 2 is only observed 
as a first arrival between approximately 3 and 10 km. Therefore the uppermost 
sedimentary layer was replaced with the 3. 1 km/sec layer along the two profiles 
at the same time as the datum corrections were carried out. The thickness of 
the uppermost layer along the two profiles was estimated from an isopach map 
of total sediment thickness (ELDHOLM and WrnmscH 1974, Fig. 5). The follow
ing sedimentary thicknesses were found to be significant: 

Shot site Thickness (km) 

1 0.62 

2 0.62 

3 0.50 

13 0.44 

14 0.92 

15 1.20 

16 1.42 

The velocity for these sedimcnts was assumed to be 2 km/sec as postulated 
by ELDHOLM and vVINDISCH. 
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Search for lateral anomali es 

The travel times (reduced by 6 km/sec) are plotted against distance for all 
clear first arrivals in Figure 2. Table 3 gives the data shown in Figure 2 to
gether with a few other doubtful first arrivals. V elocity changes exist at 
approximately 10 and 80 km. An enlarged version of Figure 2 around the 
velocity inflection at 10 km (0-20 km) shows that the arrivals plotted as 
triangles might be caused by a local velocity anomaly or by a local departure 
from the horizontal of an upper refracting layer. Such anomalies are not 
surprising in this volcanic area. The other arrivals (plotted as dots) for distances 
less than 10 km line up very well as a straight line. 

Because the interpretation of the "early" arrivals around 10 km is im
portant, studies other than travel-time investigations were carried out to see if 
any other parameter has the same areal coverage as the "early" arrivals. The 
following shot-station connections comprise the triangles in Figure 2: 18--4, 
23-4, 24-4, 24-5, 25-2, 25-4, 25-5. 

One of the studies involved the reading of the apparent dominating period 
of the first few cycles of each identified phase from all records. The recordings 
from the permanent stations appeared to have much noise (more than the 
field stations) within the signal frequency range, probably because of longer 
electronic data transmission, and were therefore later dropped in this analysis. 
The observed apparent dominant period was used in the following scheme. A 
map of Jan Mayen was divided by a network of meridians (for each lO'EW} 
and parallels (for each 4'NS). Then a line was drawn from the shots to those 
field stations providing a period reading for the phase in question. Thus, a 
map was made for the period readings for the waves refracted at the top of 
each crustal layer. Each rectangle of the network was then assigned a value 
equal to the mean of the period associated with shot station lines crossing that 
rectangle. lsolines can be drawn to separate areas assigned different values as 
shown in Figure 3, which shows the results for the waves refracted at the top 
of the 6.3 km/sec layer and recorded at the field stations. This group of waves 
yield the most data. The other groups of data are small and show no clear 
areas separable by isolines. 

The isoline with the highest value encloses an area elongated parallel to 
the length of the island and to a line through Eggøya and the new land formed 
during the 1970-eruption. Farther south the isoline with the highest value 
encloses an area at sea south of Rekvedbukta, and in this area the parameter 
shown has the most abrupt variations. The area where the "early arrivals" 
have passed is centered about Rekvedbukta. 

Upper sedimentary layer 1 

The present data cannot accurately reveal the thickness of the upper 
sediments along the two profiles away from the island as mentioned above. 
The thickness of the upper sedimentary layer plotted in Figure 4 is estimated 
from the isopach map of total sediment thickness given by ELDHOLM and 
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WrnmscH (1974). The velocity used in this calculation is the same as that used 
by ELDHOLM and WrnmscH: 2 km/sec. 

The shot-station observation in the present data with the shortest distance 
is 21-6 at 3.10 km and a travel time of 1.23 sec. The observation indicates 
that the velocity in the upper sediments at Jan Mayen is most likely higher 
than 2 km/sec and is arbitrarily set to 2.5 km/sec. 

It is necessary to determine the velocity in crustal layer 2 in order to calcu
late the thickness of the sedimentary layer dose to and at the island itself. 
The following seven shot-station observation comprise the data points which 
define a travel-time line in Figure 2: 7-2, 17-2, 17-3, 18-3, 18-5, 20-6, 21-6. 
The other observations at short distances (Table 3) which are not included 
here comprise those "early arrivals" mentioned earlier. The seven observa
tions quoted above line up as a straight travel time curve with the following 
parameters calculated by least squares: v = 3.14±0.17 km/5ec and intercept 
0.24±0.27 sec. The latter is taken to be 0.24 sec even though it statistically is 
not different from zero. The model itself is evidently only partially correct, 
because of the existence of the "early arrivals". Statistically good results are 
therefore not expected, but the above calculated results are acceptable be
cause they give a satisfactory picture for explaining the observed travel times. 

The observations belonging to shots around the island used for these calcu
lations are not corrected for any sedimentary layer as are the observations for 
shots at longer distances along the two profiles away from the island. There
fore, we can set the average sedimentary time-term equal to half the intercept 
for the shots near the island and for the stations. This means that the sedi
mentary layer of 2.5 km/sec averages 0.5 km in thickness. 

Upper crustal layer 2 

The veloci ty in la yer 2 is found to be 3 .14 ± 0 .1 7 km/ sec. This la yer gi ves 
rise to first arrivals out to nearly 10 km. Therefore, one can only be certain 
that this layer exists near the island. The next branch of the travel time curve 
covers the distance range approximately between 10 and 80 km. Several 
solutions were obtained for this part of the travel time curve as described in 
the next paragraph. The thickness of the 3.14 layer is calculated from all the 
time terms of the selected solution for the first arrivals from shots with timing 
in the 10-80 km distance range. 

Main crustal layer 3 

The first arrival data in the distance range 10-80 km were divided into 
several subsets which, in turn, were put into a straight-line least squares 
program, and time-term programs applying either constant velocity in the 
refractor or velocity increasing with depth. No significant difference was found 
between the shooting profile to the NW or the one to the SE. The conclusion 
from many tests was that all first arrivals in the distance range 10-80 km can 
combine into one single data set. The solution which was selected was calcu-
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Table 3 
Travel times and distances for all Jim arrivals 

Shot 
no. ]MS (1) I ]MI (2) I ]MM (3) I ]NE (4) I ]NW (5) I ]MN (6) 

121.25 123.57 
(e4) 19.36 (e4) 19.20 

2 94.69 97.37 104.99 
(i4) (15.60) (i4) (15.64) (e4) (15.59) 

3 71.49 Too weak 74.42 84.52 
i3) (13.21) i3) (13.28) e )(14.75) 

4 49.49 52.64 52.99 62.02 67.19 
i3) (9.84) (3) (10.39) i3) (10.11) i3 ( 11.30) i3) (12.04) 

5 27.39 29.63 30.31 40.40 34.65 50.15 
i3) 6.14 e3) 6.38 i3) 6.35 e3) 7.75 e3) 7.19 i3) 9.48 

6 18.67 19.32 20.20 31.02 43.71 
3) 4.85 i3) 4.75 i3) 4.77 ( e3) 6.27 i3) 8.58 

7 12.17 9.22 10.95 23.00 18.97 39.58 
i3) 3.98 i2) 3.25 i3) 3.50 e3) 5.50 i3) 4.95 i3) 8.09 

8 10.14 20.83 26.28 37.21 36.52 58.14 
i3) 3.33 e3) 5.05 i3) 5.89 i3) 7.54 e3) 7.56 e3) 10.74 

9 12.52 15.23 20.07 28.59 50.42 
i3) 3.64 i3) 4.04 i3) 4.8'.:l i3) 6.08 e3) 9.48 

10 14.81 10.50 14.08 21.08 22.60 43.03 
i3) (4.09) i3) (3.12) i3) (3.84) i3) (4.87) (e3) (4.89) i3) (8.58) 

11 22.61 20.59 23.66 27.64 49.38 
i3) (5.17) i3) (4.88) i3) (5.41) i3) (6.02) 3) (9.42) 

12 41.81 41.70 44.57 46.20 66.42 
i3) (8.43) i3) (8.42) i3) (8.81) e3) (9.16) i3) (12.15) 

13 b2.98 63.53 66.32 66.98 71.80 85.94 
i3) 11.86 e3) 11.88 i3) 12.19 i3) 12.38 (e3) 12.50 i4) 15.25 

14 83.76 84.21 86.81 86.60 91.76 104.38 
i4) 15.04 2) 15.34 i4) 15.27 i4) 15.31 e4) 16.16 i4) 17.65 

15 104.26 107.57 107.13 124.ND 
e4) 17.62 Tooweak i4) 18.01 e4) 18.01 e4) 19.77 

16 125.22 125.96 128.55 
e4) 20.03 e4) 19.82 e4) 20.59 

17 18.07 7.61 4.15 14.52 10.41 31.55 
i3) 4.67 2) 2.66 2) 1.59 3) 3.68 3) 3.27 e3) 6.68 

18 25.14 13.50 8.12 9.25 3.42 24.30 
i3) 5.82 3) 3.82 i2) 2.75 ( ) 2.72 2) 1.34 i3) 5.65 

(Notes to table 3 see next page) (contd) 
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Ta ble 3 ( contd) 

Shot 
no. JMS (1) JMI (2) JMM (3) ]NE (4) JNW (5) ]MN (6) 

19 38.67 27. 28 21.88 15.70 12.17 12.08 
i3) 8. 10 3) 6. 37 e3) 5.30 3) 4.17 3) 3.76 i3) 3.63 

20 45. 36 33.62 19.69 18.00 5.23 
i3) 9. 07 3) 7. 24 3) 4.88 3) 4.78 i2) 1.86 

21 50.43 38. 21 22. 13 22. 65 3.10 
i3) 9. 84 3) 7.90 3) 5.46 3) 5.60 i2) 1.23 

22 30.99 13.77 17. 71 14. 33 
3) 6.73 i3) 4.06 i3) 4.70 i3) 4. 21 

23 35. 81 23.61 No 7. 14 13.00 20.41 
i3) 7.69 i3) 5.53 timing (i ) 2. 37 3) 3.69 i3) 5.01 

24 26.80 14.85 5.30 10.21 27.07 
i3) 6. 12 3) 3.82 (i ) 1.72 2. 71 i3) 5.94 

25 21. 26 9. 26 8.97 10.56 30.71 
i3) 5. 07 ( ) 2. 62 (i ) 2. 31 ( ) 2. 53 e3) 6. 20 

Notes to Table 3: 

a) Upper real number for each observation is the distance in km and lower real number is the 
travel time in seconds after the corrections mentioned in the text have been added. 

b) Lower integer numbers 2), 3) and 4) are phase identifications referring to the 3.1, 6.3, and 
8.3 km/sec travel time curve segements, 
respectively. 8°W 

c) Phase identification numbers in brackets 
indicate ob5ervations not included in 
final analysis because of reading uncer-
tainties or an assumed anomalous travel 
time. 

d) Travel time in brackets indicates assu-
med origin time. 

e) No record obtained is indicated by emp-
ty space in the table. 

Fig. 3. !salines for apparent dominating periods 
in the records ( see text). 
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lated by the time term program applying a constant velocity. The calculated 
parameters of the selected solution employing 85 shot-station connections are 
as follows: 

V= 6.33±0.13 km/sec. 

Sum of square residuals 0.82 sec2• 
Standard deviation of one time observation 0.12 sec. 

The resulting time terms which were used in the calculations of the thickness 
of layer 2 were adjusted by the program so that the time terms of shot 17 and 
station 3 were equal. This choice of interchange was taken for subjective 
reasons, because all the solutions indicated no major structural variations 
between these two nearby sites (4.15 km). The time terms for the shot sites 
with no recorded origin time were not used in any further calculations, but 
these shots did contribute in full to the station time terms. The 85 shot-station 
connections used in the time term calculations are given in Table 3. 

The same 85 observations have also been tested with the time term program 
to determine if the velocity increases with depth in the refractor. Using the 
following formula: 

Tii = ai +bi+ 6.i)Vo-;-V16.i//Vo 2 

the calculated velocities are: 
V0 = 5.59±0.23 km/sec 

V 1 = 0.011 ±0.003 sec-1 

Sum of squared residuals 0.48 sec2• 
Standard deviation of one time observation 0.09 sec. 

The apparent velocity (V.) in the case of this travel time relation is 
y2 

V =  o 
a Vo-;-2V1 

This means that the apparent velocity is 5.82 km/sec at 10 km and 8.16 km/sec 
at 80 km. The time terms of this solution show much the same general pattern, 
and no time term is allocated an unacccptable valuc. 

Despite the apparent better data fit, the latter solution is discarded, because 
of the strong increase in apparent velocity which might be caused by poor 
areal coverage and the known departure from the layered model indicated by 
the "early arrival" for layer 2 as mentioned above. It does indicate, however, 
that some velocity increase with depth is present in layer 3. This will make 
layer 3 still thicker and also reduce the high velocity contrast to layer 4 as 
discussed in the next paragraph. 

Layer 4 
Only shots 13-16 along the SE profile leg provided sutficient distance range 

for arrivals which were refracted at the top of layer 4. For this distance range 
the NW profile leg, only shot 1 has recorded origin time. The latter group of 
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arrivals lacks significant different travel times as can be seen for the longest 
distances in Figure 2. The same applies for the arrivals from shot 2, hut the 
origin time for this shot is calculated. A slight difference between the two 
profile legs, if any, might be shorter travel times for shots 1 and 2. 

The water depth at shot site 13 is 410 m, and at shot site 16 it is 1255 m. 
The upper sedimentary layer has already been corrected for as described in 
paragraph "Corrections". It must be noted tha t the corrected travel times for 
shots 13-16 thus depend on correction parameters not directly measured by 
the present survey. 

The following 11 shot-station obscrvatiom covering a distance range from 
86-125 km were analysed by a straight line least squares program: 13-6, 
14-1, 14-3, 14-4, 14-5, 14-6, 15-1, 15-3, 15-4, 15-6, 16-1. The resulting 
velocity is 8.27±0.34 km/sec with an intercept of 4.9±1.7 sec. Assuming that 
the top of layer 4 is horizontal and constant velocity in layer 3 this implies a 
depth of 18 km to layer 4. 

Discussion 

The justification for the resulting layered uustal model shown in Figure 4 
is the clear breaks of the travel time curve in Figure 2. Some clear departures 
from such a simple model are also noted. The "early arrivals" for the shot range 
obscrvation centered around Rekvedbukta might indicate the presence of a 
large dornc of magma of low viscosity which has solidified. 

Much of the lava on the northern half of the island is composed of alkali 
olivine basalt. The high proportion of Ti02 and K20, the strong xenocrystic 
nature, and the high degree of differentiation of these lavas indicate that they 
are consistent with derivation from depths of 35-70 km by partial melting of a 
pyrolitic magma (HAWKINS and ROBERTS 1972, WEIGLAND 1972). Such a 
deep origin of the lava might also disturb the simple crustal model given in 
Figure 4. Farther south on the island, however, trachytes are found, sometimes 
as plugs, and these may have been derived by differentiation in shallow 
reservoirs from an ankaramitic-trachybasaltic parent from which clinopyroxene 
was removed (HAWKINS and ROBERTS 1972). 

The isolines \Vith the highest parameter value in Figure 3 enclose an area 
elongated parallel to the length of the island which trends northeast nearly 
perpendicular to the Jan Mayen fracture zone. It is interesting to note that 
recent eruptive activity typically occurs along fissure zones also trending 
northeast (F1TCH 1964, SYLVESTER 1975). The area with the highest parameter 
value in Figure 3 lies mostly to the east of the island except for the south
eastern Hank of the Beerenberg volcano. It is interesting to note that 
besides the summit crater, it is this flank which has bad the most recent activity: 
the 1970 fissure vents, the steam eruptions from the satellite cone of Eggøya, 
and the recently discovered fumarolic activity a few kilometers northeast of 
Eggøya. The isolines with the highest parameter valuc in Figure 3 may 
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indicate a rather narrow zone of weakness through which lava is prone to 
extrude. Such a zone may account for the observed low pass filtering effect 
on the seismie waves. 

In this paper the upper sedimentary layer 1 is arbitrarily assigned a velocity 
of 2.5 km/sec at and dose to the island. The exposed part of this layer is to 
some extent described in the literature (FITCH 1964, HAWKINS and ROBERTS 
1972, SYLVESTER 1975). It is all volcanic in origin. The sediments at the sea 
bottom farther away from Jan Mayen, however, are mostly terrigenous in 
origin. At the Jan Mayen ridge south of the island TALWANI et al. (1975) 
found relative flat-lying beds of only a few hundred meter thickness on top of 
truncated eastward dipping older beds of much greater thickness. Deep-sea 
drilling data show that the sediments below the unconformity are almost 
completely terrigenous in origin. TALWANI et al. (1975) maintain that these 
sediments and the known absence of magnetic anomalies support the hypo
thesis that the Jan Mayen ridge was attached to Greenland initially as part 
of the continental shelf. The resulting seismie velocities, and especially that of 
layer 3 which reaches down to 18 km depth at the northern part of the Jan 
Mayen ridge, also support this hypothesis. 
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Abstract 

496 density determinations have been made on various Pre-Devonian, Devonian, Car
boniferous, and Tertiary rocks from Svalbard. The resulting formation densities are as follows: 
Pre-Devonian, 2. 76 g cm-3; Devonian, 2. 72 g cm-3; Carboniferous, no value due to insufficient 
sample; Tertiary, 2.63 g cm-3• These data are relevant to gravity surveys reported elsewhere. 

Introduction 

This paper presents the results of density measurements on rocks from 
Svalbard by three members of Cambridge Spitsbergen Expeditions. Three 
separate groups of measurements have been made, each in connection with 
other studies. 

1 Nova Scotia Research Foundation, 100, Fenwick Street, Box 790, Dartmouth, Nova 
Scotia B2Y 3Z7. 

2 Institute of Geological Sciences, 5, Princes Gate, London SW7 lQN, England. 
3 Hunting Surveys and Consultants Ltd. , Elstree Way, Borehamwood, Hertfordshire, 

WD6 lSB, England. 
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Firstly, in a comprehensive study of experimental techniques in rock density 
measurement MAssoN SMITH between 1951 and 1955 determined 245 samples 
which had been collected for studies other than of density, from Hecla Hoek, 
Devonian and Carboniferous rocks in central north Spitsbergen. Secondly, 
HowELLS between 1964 and 1967 measured the densities of 93 Pre-Devonian 
and Tertiary rocks from around Forlandsrevet, in connection with a gravity 
survey there. Thirdly, MATON between 1966 and 1970 measured 158 further 
Hecla Hoek and Devonian samples from north Spitsbergen, and more wide
spread Pre-Devonian and Tertiary samples from around Forlandsundet, in 
connection with gravity surveys of both areas. The greater part of this paper 
was written by MATON. 

These measurements are by no means as comprehensive as, hut rather are 
complementary to, those of KuRININ (1965) . Exact comparison with KuRININ's 
results are prevented by lack of definition of which density he reported. How
ever, in general, dose agreement between his results and ours have been 
apparent. 

Definitions 

There are three significant measures of rock density. They are: 

(1) Dry bulk density, ed, defined as the mass per unit volume of rock, this 
volume including pore space within the rock. 

(2) Saturated bulk density, ew, is the mass per unit volume of the rock 
when pore space is saturated with water. 

(3) Grain density, eg, is the mass per unit volume of the rock materials 
where the volume is exclusive of pores within the rock. 

Porosity has been given two definitions. Firstly, HOLMES (1921) defined 
porosity P by the equation: 

V 
P ( � ) = -- X 100 ( 1) 0 V + V 

where v is the volume of pore spacc and V is the volume of rock material. 
This definition has been adopted both in the present study , and by SHERIFF 
(1973) . 

Hence if M is the mass of rock material, and m is the mass of water which 
fills V 

ed= M /(V +v) 

ew = (M+m) I (V +v) 

eg= M/V 

Secondly, PARASNIS ( 1952) defined porosity by 

P = loo ;. / (l --Å) 
where 

(2) 

(3) 

( 4) 

(5) 

(6) 
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Equation 5, through its denominator, is dimensionally inhomogeneous. 
Further, since for water m = v, .li.= v/(V +v) and hence PARASNis's definition 
of porosity is numerically, hut not dimensionally, equivalent to 

P = 100 v/V 

Since none of the rock grains are pore space, it seems illogical to define 
porosity in this way: porosity is hetter considered as the percentage of the 
volume of the rock specimen occupied by pore space. 

Sampling considerations 

The problem of obtaining a density value relevant to the total bulk of a rock 
formation has been discussed by many writers (e.g. DoBRIN 1960; GRANT and 
WEST 1965). The many indeterminate variables include facies variations, 
differing proportions of lithological components, weathering effects, water 
table level, and other factors. 

MASSON SMITH made a thorough examination of the effects of weathering. 
His main conclusions may be summarised as follows: 

(a) Weathering caused a reduction in bulk and grain densities, implying 
mineralogical alteration as well as physical degradation. 

(b) The maximum reduction in bulk density caused by weathering was less 
than 0.5 g cm-3 for a wide range of lithologies. 

( c) In fine grained sedimentary rocks, igneous rocks and metamorphic 
rocks the bulk density reduction was never greater than 0.03 g cm-3, 2.5 cm 
below the weathered surface: for coarse sedimentary rocks this reduction was 
never found deeper than 15 cm below the surface. 

The specimens collected from Svalbard have all been exposed by rapid 
frost shattering and are apparently little weathered. Latterly, they were also 
generally larger than 7-10 cm in each direction: each specimen commonly 
weighed more than 0.5 kg, and specimens were chosen for their typification of 
lithologies at their respective outcrop. In view of their size, and care of selection, 
it is considered that they are reasona bly representative of their formation at 
outcrop. 

Experimental methods 

HOLMES (1921) described methods of determining bulk rock and grain 
densities. All these methods are subject to instrumental limitations: either 
chemical beam balances are used which limit specimen weights to a maximum 
of less than 200 g or less accurate beam and spring balances are used. HowELLS 
and MAsSON SMITH also used chemical balances, necessitating small specimens. 

MASSON SMITH experimented extensively with saturating different lithologies 
under pressures of up to 800 kg cm-2• The increase in water absorbed under 
pressure was found to be less than 10% of that absorbed at atmospheric 
pressure; pressure saturation had no advantages over the vacuum technique. 

In the remainder of our determinations, saturation was effected by placing 
dry specimens in a chamber which was excavated to about 37.5 cm of mercury 
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Fig. 2. Errors in grain and saturated bulk densities caused by ± 0.005 g weighing error. 
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After about twenty minutes at this pressure, water was admitted until the 
specimens were totally immersed and pumping was continued for about a 
further thirty minutes. The available pump and chamber were incapable of 
giving a higher vacuum, and the low porosity values observed probably reflect 
this inadequacy. 

Weighing of the larger (P.I.M.) specimens was done with a Mettler 1200N 
balance. This instrument can measure masses of up to 1200 g with an accuracy 
of ±0.005 g, thus weighing specimens twelve times heavier than could be 
weighed on most chemical balances without damaging them, and with similar 
accuracy. 

Fig. 2 shows the percentage error in the grain and saturated bulk densities 
as a function of specimen weight for a specimen of density 2. 7 g cm-3 and 
porosity 5%. It is evident that the errors in the two densities are very similar. 

Errors in MATON's determination of the saturated bulk density also arise 
from incomplete saturation. Comparison of his porosity and saturated bulk 
density data with those obtained by MAssoN SMITH suggest that in most 
metamorphic rocks this error is small. In rocks with porosities of more than 
c.5% there may be errors of 2% to 3% in the values determined by :MATON. 

Experimental results 

NORTH SPITSBERGEN ROCKS 

Table 1 summarises the densities of the main Hecla Hoek and Devonian 
rock types of north Spitsbergen. For each rock group the value obtained by 
MAssoN SMITH is given first, followed by that of MATON, with the combined 
value last. Standard deviations are also given for each group. 
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Ta ble 1 (b) 

Devonian No. of Data* Grain Density Saturated Density 

Conglomera tes 0 
2 2.727±0.004 2.706±0.001 

Sandstones (fine grained) 8 2. 700±0.043 2.624±0.075 
18 2.711±0.026 2.687 ±0.032 
26 2. 708±0.033 2.688±0.058 

Sandstones (medium 0 
and coarse grained) 8 2. 708±0.057 2.641±0.060 

Siltstones 0 
18 2. 740±0.026 2.716±0.025 

Shales 0 
9 2. 739±0.009 2.664±0.021 

* The value quoted first is that determined by MASSON SMITH, the second was determined by 
MATON and the third is that of the first pair combined. 

FORMATION BULK DENSITIES OF PRE-DEVONIAN ROCKS 

Some preliminary calculations were made using the modal analyses of 
Harkerbreen Group rocks given by GAYER and WALLIS (1966, p. 31) , and 
mineral densities given by BIRCH (1966) , and DEER, Howrn and ZussMAN 
(1965) . These showed that the densities of all the lithological types of the 
scheme of petrographic nomenclature of WALLIS et al. (1968) , except amphi
bolites, were largely a function of garnet content. The density of almandine is 
4.318 g cm-3 (DEER et al. 1965) . 

It was therefore necessary to distinguish between amphibolites, the remaining 
lithologies with garnet, and the remaining lithologies without garnet, if not 
between each lithological type. 

Finnlandveggen Group 

Descriptions of Finlandveggen Group rocks (HARLAND et al. 1966) indicate 
that garnet is abundant in some mica pelites and semipelites as well as in 
amphibolites. Thus the Finnlandveggen Group rocks are considered to be a 
quarternary system whose proportions are listed in Table 2. 

Table 2 

Lithologic Proporiions in the Finnlandveggen Group 

Lithology 

Marble 
Garnetif crous 
Pelites and semi pelites 
Amphibolite 
Feldspathite 

Thickness within formations (metres) 
Smutsbreen fm. Eskolabreen fm. 

120 0 
1100 200 

0 600 
0 700 

Total 

120 
1300 

600 
700 

The formation bulk grain density so obtained is 2.825 g cm 3 

% 

4 
48 

22 
26 
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Harkerbreen Group 

The modal analyses of Harkerbreen Group rocks (GAYER and WALLIS 
1966, p. 31) indicate that garnet comprises only 2 % of one rock type, other 
than amphibolite. (This one rock was a quartzite of the Rittervatnet For
mation) . The Harker breen Group is therefore considered to be bimodal, 
comprising amphibolites and the remaining lithologies of WALLIS et al. (1968) . 
Table 3 shows estimated proportions of rock types in the Harkerbreen Group. 
The authors are grateful to R. A. GAYER for these data. 

Table 3 

Lithologic Proportions in the Harkerbreen Group 

Thicknesses in Metres 
Formation Total Amphibolites Others 

Sørbreen Fm. 265 53 212 
Vassfaret Fm. 600 60 540 
Bangenhuk Fm. 2000 300 1700 
Rittervatnet Fm. 350 70 280 
Polhem Fm. 900 225 675 

Totals 4115 708 3407 

Amphibolites = 17% Remainder = 83% 

The resulting formation grain bulk density is 2.761 g cm-3. 

Planetfjella Group 

Lithologies present in the Planetfjella Group include marbles and dolomites, 
quartzites, psammites, subpelites, and megacrystic feldspar psammites (W ALLIS 
1969) . Proportions of these lithologies have been calculated from WALLIS's 
account of the northern type sector in Mosselhalvøya. The types were then 
grouped into: 

( 1) marbles and dolomites and 

(2) the remainder. 

Amphibolites are absent from the Planetfjella Group, but garnet <loes occur in 
some rocks (WALLIS 1969). The lithological proportions are shown in Ta ble 4. 

Table 4 

Lithologic Proportions in the Plane�fjella Group 

Lithology 
Thicknesses Total Percentage of 

(metres) (metres) Whole Group 

Dolomite 130 360 9% 
Marble 230 
Quartzites and quartz psammites 450 
Subpelite 1600 2860 91% 
Psammite 810 

The bulk formation density weighted by these thicknesses i.s 2.719 g cm-3. 
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Middle and Upper Hecla Hoek 

The densities of rocks in these groups have not been studied since the 
gravity survey does not extend into areas where such rocks outcrop. 

FORMATION BULK DENSITIES OF DEVONIAN ROCKS 

Siktefjellet Group 

GEE and MooDY-STUART ( 1966) did not give an overall ratio of sandstone 
to conglomerate within the Siktefjellet Group: the proportion used here is 
that of the thicknesses they observed in Siktefjellet (op. cit. p, 61) viz: 

Sandstone 1400 m 93 % 
Conglomerate 100 m 7% 

The bulk formation density thus obtained is 2.709 g cm-3. It is based on six 
sandstone determinations and two conglomerate determinations and is 
probably not representative. 

Red Bay Group 

The group outcrops around Raudfjorden: samples have not been collected 
for density measurements (nor gravity measured) here, and the densities 
ascribed to sandstones and conglomerates are based on values obtained from 
specimens of the Wood Bay Formation. The sandstones of the two formations 
are not greatly dissimilar, while the clast content of the Red Bay Conglomerate 
generally comprises Hecla Hoek marbles, pelites, and psammites whose 
densities are similar to those of the sandstones ( c. 2. 72 g cm-3) . The pro
portions within the Red Bay Group given in Table 5 are based on FRIEND 
( 1961). 

Table 5 
Lithologic Proportions in the Red Bay Group 

Formation 

Red Bay Conglom. 
Andreebreen Sst. 
Fraenkelryggen Sst. 
Ben Nevis Sst. 

Total 

Percentage 

Other Devonian Formations 

Sandstone 
(metres) 

0 
200 
600 
900 

1700 

73% 

Conglomerate 
(metres) 

600 
0 
0 
0 

600 

27% 

The lithologic proportions and resulting formation densities of the Wood 
Bay, Grey Hoek and Wijde Bay Formations are tabulated below. The pro
portions in the Wood Bay Formation were calculated from the frequency 
distribution of grain sizes present in the rocks as given by FRIEND ( 1965, 
p. 42) . The proportions in the Grey Hoek and Wijde Bay were estimated from 
field observations by the writer, and have been agreed by P. F. FRIEND (per
sonal communication). 
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Table 6 

Lithologic Proportions in the Wood Bay, Grey Hoek and Wijde Bay Formations 

Formation Conglomerate Sandstone Silt-Stone Shale Density g cm-3 

Wijde Bay 70% 30% 2.717 
GreyHoek 30% 70% 2.730 
Wood Bay 2% 40% 58% 2.727 

DISCUSSION 

Compounding these formation densities and weighting them by their 
formations' respective thicknesses, bulk densities of 2.761 and 2.720 g cm-3 
are obtained for Hecla Hoek and Devonian rocks respectively, with a contrast 
of 0.041 g cm-3. 

Throughout the foregoing computations the bulk grain densities have been 
used, for two reasons. Firstly, either the grain or the saturated bulk densities 
relate to the natural condition of the rocks. Of these the saturated density is 
probably more relevant to some depth below which the hydrostatic load of 
the rocks causes the pore space to be entirely closed. However, this depth is 
not known. Furthermore, it is known that the saturated densities have been 
less accurately measured than the grain densities, and that in any case there 
will not be a great discrepancy between the two for metamorphic and highly 
indurated sedimentary rocks such as those under study. 

KuRININ (1965) obtained mean densities of 2.72 g cm-3 and 2.69 g cm-3 for 
Hecla Hoek and Devonian rocks respectively, thus indicating a similar density 
contrast to that reported here. However, he did not indicate which density he 
had measured. 

His Hecla Hoek samples were collected from Sorgfjorden and Nordaust
landet, beyond the gravity survey area, and from le5s highly metamorphosed 
rocks than those in western Ny Friesland. Thus, lower density values are to 
be expected. His Devonian samples came from Liefdefjorden, Bockfjorden 
and Billefjorden: 71 specimens from the form er two localities had a mean 
density of 2.67 g cm-3, which is doser to the saturated densities than to the 
grain densities measured by Cambridge investigators. 

Further sampling in north-west Spitsbergen of Hecla Hoek, Siktefjellet 
and Red Bay rocks was prevented in 1968, but remains desirable. Neverthe
less sufficient rock density data are now available to facilitate preliminary 
interpretation of the gravity anomalies in north Spitsbergen. 

CARBONIFEROUS AND PERMIAN ROCKS 

MAssoN SMITH measured the densities and porosities of 38 Carboniferous 
and Permian rocks. Lithologically, these comprised mostly sandstones and 
limestones: they were collected during the 1949 Cambridge Spitsbergen Ex
pedition from a limited number of localities around Billefjorden. The results 
are summarised in Table 7 .  
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The limited sample, and the wide diversity of facies within the Carboniferous 
and Permian rocks of Spitsbergen (CuTBILL and CHALLINOR 1965) preclude 
any attempt at evaluating formation bulk densities for the whole of the system 
from the data of Table 7 :  they are merely presented for completeness. 

WE ST SVALBARD ROCK S 

Previous density determinations of Tertiary rocks from around Forland
sundet were made by KuRININ (1965). HowELL's data are summarised in 
Table 8: from these he obtained a density contrast of -0.144 g cm-3 for 
Tertiary rocks relative to Pre-Devonian rocks for his gravity interpretation. 

KuRININ's data are ambiguous: sandstone, siltstone and shale were not 
differentiated, and conglomerate not mentioned. Further, he did not state 
which density he was presenting. Nevertheless, he measured 149 specimens, all 
from around Sc:lvågen. The maximum, minimum and mean values which he 
obtained were 2. 78, 2.45 and 2.63 g cm-3 respectively. 

In MATON's study Tertiary specimens were collected from around Selvågen 
and from Aberdeenflya, and Pre-Devonian specimens came from many 
localities around the survey area. In addition W. T. HoRSFIELD provided 
some twenty Pre-Devonian specimens which typified formations that he was 
mapping in Oscar Il land and Prins Karls Forland. 

The results of the density measurements made in this study are surnmarised 
in Table 9. 

Table 8 

Densities of Rocks from Sarsøyra and Murraypynten 
(after HoWELLS) in g cm-3 

Rock 

Pre-Devonian 
brecciated 

limestones 

Tertiary 

Conglomerates & grits 

Sandstones 

Siltstones 

Overall Tertiary 

No. of 
Specimens 

25 

45 
21 

2 

Saturated Bulk Density 

Max. Min. 

2.923 2.668 

Mean 

2.703 

2.570 
2.569 
2.518 
2.574 

Std. <lev. 

0.047 

0.066 
0.090 
0.021 

± 0.071 

ATKINSON (1963) estimated that the proportions of lithologies within the 
Tertiary McVitiepynten formation were the following: sandstone 50%, 
shale 30% and conglomerate 20%. Using these proportions for the whole of 
the Forlandsundet Tertiary and the densities reported in Table 9 the formation 
bulk density is 2.627 g cm-3, which compares closely to KuRININ's mean value 
of 2.63 g cm-3. 

ATKINSON, however, was considering only about 300 m of a ?4 km sequence. 
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Table 9 

Densities of Rocks from Prins Karls Forland and Western Oscar Il Land 

(ing cm-3±std. dev.) 

No. of Grain Bulk Saturated Bulk 
Rock Data Density Density 

Pre-Devonian 

Marbles 5 2.832±0.011 2.815±0.017 
Pelites 14 2.762±0.122 2.686±0.088 
Limestones 4 2.718±0.061 2.707±0.066 
Conglomerates and Tillites 5 2.849±0.116 2.813±0.096 
Igneous and meta-igneous 6 2.945±0.202 2.920±0.223 

Tertiary 

Conglomerates 4 2.624±0.017 2.529±0.004 
Sandstones and Siltstones 6 2.676±0.035 2.623±0.071 
Shales 2 2.548±0.002 2.471 ±0.007 

65 

During the 197 5 field-season (J. 0DELL of the CSE) measured the upper 
part of this section ( around Aberdeenflya) in detail. It is also recorded by 
LrvsmTs (1967 , 197 3, 197 4). Estimates from the schematic section by LrvsmTs 
( 197 4) for the Tertiary sequence around Aberdeenflya (Marchaislaguna For
mation) give: 

shale - 17 % 

siltstone/sandstone - 51 % 

conglomerate - 32 % 

which gives a formation bulk density of 2.64 g cm-3 in the north of Forland
sundet. If the percentages from the CSE investigation are employed (shale 3% , 
siltstone/sandstone 69% , conglomerate 28%) an even higher bulk density of 
2.66 g cm-3 is obtained. 

If, however, one considers the Tertiary sequence as a whole, relative per-
cen tages over all five forma tions as distinguished by LrvsHITS ( 19 7 4) are 

shale - 22% 

siltstone/sandstone - 51 % 

conglomerate - 27 % 

which gives a formation bulk density of 2.634 g cm-3, again much in accord 
with the estimate of KuRININ. 

HoRSFIELD (personal communication) considered that the Pre-Devonian 
lithologies which have been sampled are roughly equally abundant in the field, 
with the exception of the basic igneous rocks and their derivatives. In the 
calculation of the formation bulk density the basic rocks were therefore 
omitted and the other types given equal weight. The resultant density for the 
Pre-Devonian around Forlandsundet is 2. 7 93 g cm-3, implying a general 
density contrast of 0.159 g cm-3 with the Tertiary. 

5 
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It must be noted that the variability of the Tertiary lithologies between 
both north and south, east and west, will affect the density contrast from area 
to area. Tlms in the north, taking an averaged Tertiary formation bulk density 
of 2.65 g cm-3 the density contrast to the Pre-Devonian rocks will be 0.143 g 
cm-3. In the central western area (around Selvågen), it will be higher (0.159 g 
cm-3) , and to the east (Sarsøyra) , where coarse lithologies dominate the 
sequence (say conglomerate 55%, shale 5%, sandstone/siltstone 40% giving a 
density of 2.641 g cm-3) the contrast may be about 0.152 g cm-3 (inter
mediate) . 

The contrast obtained by HowELLS was 0.144 g cm-3, and thus the range 
0.143 to 0.159 g cm-3 is available for subsequent gravity interpretation. 

Conclusion 

The contrast between the weighted Hecla Hoek and weighted Devonian 
formation grain densities is rather small (0.041 g cm-3) ; smaller in fact than 
the mean standard deviation of all the Hecla Hoek lithology densities (0.077 g 
cm-3) , hut larger than the corresponding statistic for the Devonian lithologies 
(0.030 g cm-3) . N evertheless a 40 milligal Bouguer gra vi ty anomaly exists 
along the eastern margin of the Devonian graben in Spitsbergen and the 
interpretation of this anomaly was discussed in HARLAND et al. (1974) .  

The demitv contrast between the Pre-Devonian and Tertiary rocks around 
Forlandsundet appears to be in the range 0.143g cm-3 to 0.159 g cm-3• Apaper 
reporting the measurement and interpretation of the sizeable Bouguer anomaly 
over the Forlandsundet area is in prcparation. 
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Abstract 

Six foraminiferal assemblages are reported from the type section of thejanusfjellet Subgroup 

(Jurassic - Lower Cretaceous) at Agardhfjellet, east Spitsbergen. The foraminiferal faunas 

are characterized by simple arenaceous forms. These microfaunas, and associated dino

flagellate cysts, indicate a neritic environment for the Subgroup, except in the uppermost few 

meters, where coastal marine conditions prevailed. One of the assemblages is also recognized 
in Upper Jurassic rocks at Keilhaufjellet, south Spitsbergen. The dominance of simple aren
aceous foraminifera in Spitsbergen is thought to be partly due to sediment substrate and cli
matic factors. 

Introduction 

l\!Iesozoic sediments are exposed in the central and eastern parts of Spits
bergen and also on the islands of eastern Svalbard. These deposits are marine, 
marginal marine and partly continental consisting mainly of shales and sand
stones with rare conglomcrates and coals ( HARLAND 1973; EDWARDS 1976). 
Biostratigraphical studies based on megafossils have becn done by scveral 
workers. Newer data are published by PARKER (1967), TozER and PARKER 

(1968), and NAGY ( 1970). KLUBOV ( 1965) has reportcd fora�ninifera from the 
:Mesozoic sediments of Wilhelmøya. 

1 Institutt for Kontincntalsokkelundersøkdser (Continental Shelf Institute), Håkon Mag

nussons gt. IB, 7000 Trondheim. 
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0 50KM 

Fig. I. Location of Agardhfjellet and Keilhaufjellet, Svalbard. 

The Janusfjellet Subgroup at Agardhfjellet is predominantly shale, but 
siltstone and sandstone are also present especially at the top (Fig. 2) . For 
details on the stratigraphy, lithology and paleontology, the reader is referred 
to PARKER ( 1967 ) and BJÆRKE et al. ( 1976) . 

In the summers of 1973 and 197 4 extensive sampling of Mesozoic rocks was 
carried out in Spitsbergen by Norsk Polarinstitutt and the Continental Shelf 
Institute. Micropaleontological study of this material has lead to the dis
covery of foraminifera in the Jurassic - Lower Cretaceous Janusfjellet Sub
group at its type section at Agardhfjellet and in the Jurassic rocks of 
Keilhaufjellet, Sørkapp Land (Fig. 1) . Recently, BJÆRKE et al. ( 1976) re
ported the discovery of well-preserved dinoflagellates from the Janusfjellet 
Subgroup at Agardhfjellet. 

The present report is concerned with the general features of the six foramini
feral assemblages recognized. These assemblages together with palynomorphs 
provide a basis for a preliminary interpretation of environments and paleo
biogeography of the study area. 
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Sampling 

Channel samples at two meter intervals were collected from the Janusfjellet 
Subgroup at Agardhfjellet (Fig. 2). Samples are nearly complete for most of 
the section apart from the basal 80 m which is poorly covercd. Spot samples 
were obtained from Keilhaufjellet at intervals of up to several meters. 

Microfossils 

AGARDHFJELLET 

A total of six foraminiferal assemblages are recognized at Agardhfjellet 
(Figs. 2, 3). Assemblage I belongs to the upper part of Agardhfjellet Formation 
and Assemblages Il to VI are present in the Rurikfjellet Formation. The 
assemblages and their environmental interpretation are briefly summarized 
below. 

Assemblage I ( 80-240 m) 

This assemblage is made up exclusively of simple arenaceous foraminifera, 
some of which are distorted and poorly preserved. The lower part of the section 
(80-200 m) contains a poor fauna, whereas the upper part (200-240 m) is 
quite rich in specimens. This assemblage contains foraminifera of families 
Lituolidae and Ammodiscidae, represented by a few species of Haplophrag
moides and Ammodiscus. 

Dinoflagellate cysts are absent in this interval except for highly meta
morphosed dark brown specimens observed in the uppermost part. 

Species of Haplophragmoides and Ammodiscus are known to have wide environ
mental tolerances. However, the low diversity of the foraminifera suggests 
either a shallow neritic environment or somewhat deeper water, with reduced 
oxygen supply or lower te:nperature. 

Assemblage Il (240-248 m) 

This assemblage is also made up exclusively of simple arenaceous foramini
fera. The fauna is fairly well preserved and c:msists largely of members of the 
families Lituolidac and Ataxophragmiidac. The Lituolidae are dominatcd by 
Recurvoides and Haplophragmoides, and the Ataxophragmiidae are represented 
by the species of Gaudryina and Verneuilina. A few specimens of the families 
Ammodiscidac, Tcxtulariidae and Trocha21r11inidac occur. T1v.? A�:r:n
discidae are represented by specics of Ammodiscus and GlomQspira, t.ric? T extu
lariidae by Textulariu and Spiropleciammina, and the Trochamminidae by 
Trochammina. 

Dinoflagellate cysts, Sirmiodinium grossi, Scriniodinium apatelum, Pareodinia 
spp. are abundant in several samples. Spccies of Got1)'aulacysta, Cleis:osphaeridium 
and Tenua spp. are present in small numbers, but their prescrvation is poor. In 
general the dinoflagcllate assemblagcs show low divcrsity (sec abo BJÆRKE 
et al. 1976). 

The presence of a relatively varied foraminiferal assemblage together with 
dinoflagellate cysts suggests a neritic environment. 
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Fig. 3. Distribution of microfossils and their environmental interpretations in the Janusjjellet Subgroup at 
Agardhfjellet. 
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Assemblage Ill (248-252 m) 

Arenaceous species of the families Lituolidae and Ataxophragmiidae con
tinue to dominate in this assemblage. However, the assemblage shows the 
appearance of calcareous, benthonic species of the family Nodosariidae, in
cluding species of Lenticulina, Marginulinopsis and Lagena. This assemblage 
shows maximum diversity of species, when compared to the other assemblages. 

The dinoflagellate cysts are well preserved in the interval 250-252 m and, 
like the foraminifera, show maximum diversity and abundance. Of note is the 
appearance of the Hystrichosphaeridium- Oligosphaeridium-group. 

The presence of a mixed nodosariid - arenaceous assemblage indicates a 
neritic environment. This is supported by the presence of abundant and 
varied dinoflagellate cysts. 

Assemblage IV (252-283 m) 

This assemblage is dominated by species of the genera Ammodiscus and 
Glomospira. Species of Haplophragmoides are fairly well represented, but Gaudryina, 
Trochammina and Textularia are rare. 

Certain dinoflagellates, e.g. Scriniodinium apatelum and Imbarodinium villasum 
which dominated Assemblages Ill are extremely rare, but Sirmiodinium grossi 
continues to be represented in fair numbers. However, the Hystrichosphaeridium
Oligosphaeridium-group shows increasing diversity. Above 260 m coaly matter 
dominates and several species of spores, and terrestrial debris appear. 

The dominance of Glomospira and Ammodiscus indicates relatively deep water. 
SLITER and BAKER ( 1972) concluded that these groups were most common in 
outer neritic and bathyal depths of Cretaceous seas. In the present study, the 
low diversity of the assemblage is more similar to assemblages found in shallow 
water. The coaly matter and terrestrial debris present in large quantities above 
260 m also supports deposition in shallower marine waters. 

Assemblage V (283-415 m) 

This assemblage shows a marked decline in foraminifera. Haplophragmoides, 
Trochammina, Gaudryina, Textularia, Ammodiscus and Glom:ispira are present in 
small numbers. Rare specimens of polymorphinids and ostracodes also occur. 

Dinoflagellate cysts diminish in number. Cavate pseudoceratian cysts, e.g. 
Muderongia sp., appear in this assemblage, as noted by BJÆRKE et al. ( 1976). 
Coal and some terrestrial debris increase notably. Spore species Cicatricosis
porites and Aequitriradites and bisaccate pollen appear from 400 m. 

The presence of a poor foraminiferal fauna represented by a few species 
suggests a neritic environment for this assemblage. This is consistent with the 
diminished number of dinoflagellate cysts, and the increase in terrestrial matter 
( coal and few spores). 

Assemblage VI ( 415-419 m) 
This assemblage shows an increase in foraminifera when compared to 

Assemblage V. The Lituolidae are again the most common group, repre-
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sented by species of Haplophragmoides and Ammobaculites. A few specimens of the 
families Ataxophragmiidae, Ammodiscidae and Polymorphinidae occur. 
Shells of gastropods, bivalves and ostracodes also appear. This microfauna is 

fairly well-preserved. 
Palynomorphs are similar to those in Assemblage V, but the progressive 

decline in number of dinoflagellate cysts and corresponding increase in 

terrestrial organic matter continues. 
This assemblage is strongly indicative of a marginal marine environment 

conducive to the development of arenaceous foraminifera, ornamented 
ostracodes, and thick-shelled gastropods and bivalves. Furthermore, increased 
organic terrestrial debris and decreasing numbers of dinoflagellate cysts when 
compared to Assemblage IV and V support a marginal marine environment. 

KEILHAUFJELLET 
The Agardhfjellet Formation exposed at Keilhaufjellet, Sørkapp Land 

(Fig. 2) contains sparse and distorted tests of foraminifera. However, forms 
recognized include Haplophragmoides and Ammodiscus. This fauna is similar to 
Assemblage I at Agardhfjellet. 

There is a general absence of palynomorphs in this area. The organic matter 
is highly metamorphosed, similar to Assemblage I at Agardhfjellet. 

Discussion 
Paleoecology and paleobiogeography 

The paleontological interpretations presented here are based principally on 
the diversity of the microfossils and the relative abundance of dominant genera 
which have been compared with the bathymetric distribution of Cretaceous 
and Recent analogues found in the literature (BANDY and ARNAL 1960; 
PHLEGER 1960; WALTON 1964; SLITER and BAKER 1972). 

Assemblage I is made up exclusively of simple arenaceous foraminifera of 
the families Lituolidae and Ammodiscidae, represented by a few species of 
Haplophragmoides and Ammodiscus. These groups are known to have wide 
environmental tolerances and occur in sediments representing a considerable 
depth variation. The low diversity of the foraminifera in this assemblage 
suggests a shallow neritic environment. However, this arenaceous fauna could 
also be the result of cool temperature or reduced oxygen supply in deeper 
water (BANDY and ARNAL 1960; MooRKENS 1976). Assemblage Il is also 
made up exclusively of arenaceous foraminifera, but is richer in species and 
specimens. Here, members of the families Lituolidae and Ataxophragmiidae 
dominate the fauna, and the environment seems to be conducive to the de
velopment of diversified microfaunas in contrast to Assemblage I. Assemblage 

Ill has nodosariids along with arenaceous forms and this assemblage shows 
increased diversity of species suggesting a neritic condition. The presence of 
diversified dinoflagellate cysts supports such an environment. Assemblage IV 
notably lacks nodosariids, but arenaceous species, in particular the Ammo-
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discus-Glomospira complex, might indicate somewhat deeper water. This is 
again supported by an increase in long-processed dinoflagellate cysts which 
are thought to be more characteristic of off-shore areas (VozZHENNIKOVA 

1967). However, some shallowing could have started from 260 m and up 
because of the influx of increascd quantities of terrestrial organic debris, in 
particular coaly matter. Assemblage V is similar to Assemblage IV, but with a 
much poorer fauna. Shallowing of the sea could be responsible for such a 
reduction in numbers of species and specimens. The foraminiferal microfauna 
of Assemblage VI is largely made up of a few species of Haplophragmoides and 
Ammobaculites. Presence of Ammobaculites suggests coastal marine waters. The 
ornamented ostracodes and the thick-shelled bivalves and gastropods also 
indicate such an environment. This is independently supported by sedimento
logical studies (EDWARDS 1976, p. 44, 47). In summary, we consider Assemblage 
I to V to represent a neritic environment and Assemblage VI a marginal 
marine environment. 

GoRDON ( 1970, p. 1689) distinguished three principal types of shelf assem
blages in the biogeographic distribution of Jurassic foraminifera: Nodosariid 
and nodosariid mixed assemblages, dominantly simple arenaceous assemblages, 
and calcareous benthonic assemblages other than nodosariids. 

Jurassic assemblages from Agardhfjellet and Keilhaufjellet and also Lower 
Cretaceous assemblages from Agardhfjellet are characterized by the dominance 
of simple arenaceous foraminifera in contrast to the nodosariid-dominated 
assemblages in the Jurassic of Northern Europe north of the Alps and northern 
plains of North America. Such differences may be partly the results of sediment 
substrate as well as latitudinal or climatic factors ( GoRDON 1970, p. 1697, 
1700). 

According to LoEBLICH and TAPPAN (1953), Recent fine-grained mud 
bottoms often do not support a varied foraminiferal fauna. The few species 
present in this type of environment are mostly arenaccous, these may become 
numerous in individuals because of reduced competition. T APPAN ( 1955) 
suggested that these features are characteristic of black shale faunas of all ages 
and areas. Presence of arenaceous assemblages with a low diversity in dark 
shale sequences of Spitsbergen suggests that the sediment substrate may have 
influenced the character of microfaunas in these areas. 
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Abstract 

First conodonts from the Permian of Spitsbergen are described. They were found in the 
Spirifer Limestone of the Kapp Starostin Formation in Polakkfjellet (Torell Land) and the 
Hornsund region. They show strong affinities to those from the Leonardian (Artinskian) of 

North America which suggests a somcwhat younger age of the Kapp Starostin Formation 
than previously supposed. 

Stratigraphy 

Permian rocks bearing rich and well-preserved brachiopod, coral, bryozoan 
and sponge faunas from Spitsbergen have been intensively studied by geologists 
and paleontologists from many countries. Nevertheless, their correlation with 
the Permian stratotype profiles from the Russian platform is still controversial. 

Permian faunas from the areas of Hornsund and Polakkfjellet (Torell Land) 
were studied by expeditions of the Institute of Paleozoology (Zaklad Paleo
zoologii) of the Polish Academy of Sciences to Spitsbergen in 1974 and 1975 
(Fig. I). The studies gave the first Permian conodonts and additional material of 
macrofauna and foraminifera. Conodonts are good guide fossils so it is expected 
that these finds will markedly contribute to the solving of some stratigraphic 
problems. 

Several conodonts were found in the Spirifer Limestone at the base of the 
Brachiopod Cherts from Polakkfjellet (Fig. 2). The Spirifer Limestone com
prises gray, grained limestone rich in brachiopod shells, occurring above 

1 Polska Akademia Nauk, Zaklad Paleozoologii, AL Zwirki i Wigury 93, 02-089 Warszawa. 
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gypsiferous marls and dolomites with gypsum (alabaster) intercalations. It 
presumably belongs to the Gipshuken Formation (Upper Gypsiferous Series), 
hut the contact between these formations is obscured. 

In the Hornsund area only single conodont, Neogondolella cf. bisselli, was 
found in a thin layer of an equivalent of the Spirifer Limestone, from the base 
of Brachiopod Cherty Limestone in the Hyrnefjellet. The Spirifer Limestone 
layer occurs here only in the area of that massif, wedging out to the south. At 
Treskelen peninsula there is a marked sedimentary gap and the Cherty Lime
stones directly overlay Coral Limestone of the Treskelodden Formation 
(Fig. 1) of the early Permian (BIRKENMAJER 1964, FEDOROWSKI 1964, 1965) or 
late Carboniferous (CzARNIECKI 1969) age. The Gipshuken Formation is 
assigned to the Artinskian (FoRBEs et al. 1958, CuTBILL and CHALLINOR 1965, 
SosIPATROVA 1967) whereas the age of the Brachiopod Cherts is still the subject 
of controversy. In the past the latter were assigned to the Artinskian 
(TscHERNYSCHEW 1902, FREBOLD 1937) or interpreted as an independent 
stage, Svalbardian, an equivalent of the Kungurian stage from the Russian 

Polakkfjellet 
• 

10 20 30 
km 

Fig. I. Sketch-map of southern Spitsbergen, showing the location of the studied profiles. 
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Platform ( STIEPANOV 1957). Recently they have been distinguished as a Kapp 
Starostin Formation, widely assumed to be of the Kungurian and early Late 
Permian age ( CuTBILL and CHALLINOR, 1965, Sos1PATROVA 1967, SnEPANOV 
1967) er Lz_te Permian age (BuRov et al. 1965, UsTRITSKY 1967). The 
Brachiopod Cherts yield no fusulinids so their datings were mainly based 
on brachiopods or small foraminifers. Taking into account differenccs 
in the foraminifer faun2.s, SosIPATROVA (1967) proposed a separate horizon 
for the Spirifer Limestone, assuming that it is of the lower Kungurian age. 
Late Paleozoic faunas of Svalbard show strong Russian affinities (FoRBES et 
al. 1958) but Permian concdonts are relatively well-known only from North 
Amcrica. Conodonts of the Spirifer Limestone appear to have dose affinities 
with those from the lowcr Leornudian (Artinskian) of the United States. 

The most important species from a stratigraphic point of view are conspecific 
or closcly related to the species Neogondotella bissel!i (CLARK and BEHNKEN) 
and Neostreptognathodus pequopensis BEHNKEN known to occur from the late 
Wolfcampian (Sakm2.rian) to middle Leonardian (BEHNKEN 1975a, b). These 
data suggest an Artinskian age of the lower part of the Brachiopod Cherts, 
i.e. the same as that suggested by earlier workers. Thus, it may be assumed 
that the Gipshuken Formation comprises the lower Artinskian at the most, 
and not the whole Artinskian as supposed by SosIPATROVA (1967). 

Systematic remarks (by H. SzANIAWSKI) 
The material described is housed at the Institute of Palaeozoology of the 

Polish Academy of Sciences, Warsaw (abbreviated as ZPAL). Scanning 
microscope photographs were made at the Institute of Experimental Biology, 
Polish Academy of Sciences. 

Neogondolella cf. bisselii (CLARK and BEHNKEN 1971) 
(Pl. I, Fig. 1) 

This species is represented by a single specimen from the Spirifer Limestone 
of the Hyrnefjellet massif. It differs from N. bisselli known from the U.S.A. in 
the narrower basal groove on the lower surface and the relatively larger 
posterior cusp. These features bring it somewhat dose to Neogondolella idahoensis 
(YouNGQ.UIST, HAWLEY and MILLER ) from which it differs in the shape of the 
platform. 

N. bissel/i is known from the late Wolfcampian of North America. The 
generic name Neogondolella, BENDER and STOPPEL 1965, is regarded by KozuR 

(1975) as a junior synonym of Gondolella, STAUFFER and PLUMMER 1932; but 
this problem is not within the scope of this paper. 

Neostreptognathodu� aff. pequopensis, BEHNKEN 197 5 

(Pl. I, Figs. 6-10) 

This species quantitatively predominates in the Spirifer Limestone of the 
Polakkfjellet. About 40 specimens were extracted. The specimens differ from 
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Neostreptognathodus pequopensis BEHNKEN from the U .S.A. in the somewhat broader 
platiorm, in the presumably higher free blade (not illustrated by BEHNKEN 

1975a) and in very small pustules marked on nodose dentides of the carinae. 
These features bring the specimens dose to Neostreptognathodus sulcoplicatus 

(YouNGQ.UIST, HAWLEY and MILLER) from which they differ in the lack of 
transversal ridges on the carinae and in that the juvenile forms ( ?) have a 
single carina. These juvenile forms ( ?) (Pl. I, Fig. 9) dosely resemble Sweetog

nathus whitei ( RHoDES 1963) . 
Neostreptognathodus pequopensis is known to range from the uppermost Wolf

campian to early late Leonardian in North America. 

Xaniognathus sp. 

(Pl. I, Fig. 2) 

Up to the present three specimens referable to the genus Xaniognathus SwEET 

197 1, were found in the Spirifer Limestone from Polakkfjellet. They presumably 
represent a new species of that genus but the material is insufficient for defining 
a new speCies. 

This species is most dose to Xaniognathus abstractus (CLARK and ETHINGTON 

1962), from which it ditfers in its markedly broader basal cavity, more robust 
blade and shorter dentides. 

Xaniognathus abstractus is known from the middle to late Leonardian of the 
North America. 

Bar-like conodonts 

(Pl. I, Figs. 3-5) 

Besides the conodonts shown here (Pl. I, Figs. 3-5), the collection from the 
Spirifer Limestone of Polakkfjellet also comprises a number of fragments of 
bar-like conodonts. 

SzANIAWSKI ( 1969) noted a similarity of conodont assemblage from the 
Permian of Poland to components of multielement natural assemblages known 
from the Carboniferous. Recently BEHNKEN ( 1975a) assigned Permian bar-like 
conodonts to the multielement genus Elliwnia SWEET 1970, and KozuR (1975) 
proposed a new multielement genus Stepanovites KozuR 1975, for them. 
Conodonts from Polakkfjellet, shown in Pl. I, Figs. 3-5, presumably belonged 
to one or two new multielement species. Unfortunately, the material is in
sufficient for reconstructing the apparatus or confirming the reliability of 
former reconstructions; therefore traditional form genera are used here. 
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PLATE I 

Fig. 1. Neogondolella cf. bissel/i (CLARK and ETHINGTON). l a, oblique-upper view of plat

form (x40). l b, posterior part of the same specimen (x 150). le, anterior part of 

the same specimen (x 100). Id, the same specimen, postero-lateral platform 
margin showing micro-ornamcntation (X 1000). ZPAL C.VII/l, Hyrnefjellet, 
Spirifer Limestone. 

Fig. 2. Xaniognathus sp., lateral view (X 100), ZPAL C.VII/201, Polakkfjellet, Spirifer 
Limestone. 

Fig. 3. Hindeodella sp., lateral view of broken specimen (X 50), ZPAL C.VII/211. Polakk

fjellet, Spirifer Limestone. 
Fig. 4. Cypridodella sp., posterior view of broken specimen (X 150), ZPAL C.VII/212. 

Polakkfjellet, Spirifer Limestone. 
Fig. 5. Hibbardella sp., oblique-upper view of broken specimen (X 100), ZPAL C.VII/213. 

Polakkfjellet, Spirifer Limestone. 
Figs. 6-10. Neostreptognathodus aff. pequopensis BEHNKEN. 6, upper view of specimen with the 

anterior part of blade broken off (X 65), ZPAL C.VII/102. 7, oblique-upper view 
of platform (X 100), ZPAL C.VII/103. 8, lateral view of free blade (X 75), 

ZPAL C.VII/104. 9a, upper view of broken specimen of juvenile form? (X 100). 
9b, the same specimen showing micro-ornamentation (X 1000), ZPAL C.VII/105. 

lOa, upper view (X 75), lOb, the same specimen showing nodose denticles with 

micro-ornamentation (X 220), lOc, the same specimen showing micro-ornamenta
tion (X 1000), ZPAL C.VII/101. All from Polakkfjellet, Spirifer Limestone. 
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Abstract 

Some oh,ervations were made on rocks and minerals from Woodfjorden, Spitsbergen, with 
the French paleontological expedition of 1969. The nature and origin of volcanic rocks are 
discussed, based upon petrographical and geochemical studies: the material, alcaline basalts 
and trachydolerites, seems to have been contaminated with radiogenic strontium, mobilized 

from the continental basement of Spitsbergen. Related mineralizations within the underlying 

1 Laboratoire de Mineralogie-Cristallographie, associe au CNRS, Universite Pierre et 
Marie Curie, 4 place J ussieu - 75230 Paris Cedex 05. 

2 Laboratoire de Geochimie et Cosmochimie, associe au CNRS, Universite Paris VI et VII, 
2 place Jussieu- 7522 I Paris Cedex 05. 

3 Laboratoire de Geologie, Ecole Normale Superieure, 4f. rue d'Ulm - 75005 Paris. 
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Old Red Sandstones, with copper sulphides (chalcocite, covellite, bornite) and carbonates, 
are, on the other hand, studied. They are very different from those described in the other parts 

of Spitsbergen, by their original paragenesis and occurrence in devonian sediments. 

Res urne 

A la suite de la Mission paleontologique frarn;aise organisee en 1969 par le 
Museum National d'Histoire Naturelle et le C.N.R.S., divers echantillons de 
roches et minerais ant ete recoltes et etudies. Il s'agit surtout de roches vol
caniques recentes provenant du Nord de l'ile, pres du Woodfjorden, basaltes 
alcalins et trachydolerites sur lesquels ont ete egalement effectuees des mesures 
de strontium radiogenique. Dans le meme secteur, se trauvent dans les sedi
ments devoniens de nombreux filons cupriferes ( a sulfures de cuivre, parfois 
fortement oxydes) qui constituent un fait original dans la geologie du Spits
bergen, tant par leur paragenese differente de celles deja connues par ailleurs 
que par leur situation dans des roches sedimentaires. 

Introduction 

Le Museum National d'Histoire Naturelle et le Centre National de la 
Recherche Seien tifiq ue on t organise pendant les mo is de J uillet et Aou t 1969 
une mission paleontologique dans les iles Spitsbergen et Edgeoya de l'archipel 
du Svalbard (Fig. 1). Cette mission a permis de recolter, en meme temps, de 
nombreux echantillons petrographiques et mineralogiques interessants, surtout 
dans la partie Nord du Spitsbergen, dans la region du Woodfjorden. 

Rappel geologique 

Le Nord du Spitsbergen comprend essentiellement deux sortes de terrains 
(HARLAND 1961): 

- le Complexe du Heckla Hoek constitue de terrains d'age ante-ordovicien 
metamorphises lors de l'orogenese caledonienne (HARLAND et WILSON 
1956) 

- le Complexe des "Vieux Gres Rouges" d'age Downtonien a Devonien 
moyen, qui repose en discordance sur ce socle caledonien et dont l'epaisseur 
peut atteindre 9000 m. 

Le reste de la serie stratigraphique se rencontre plus au Sud. Dans le Nord 
de l'ile, on n'observe au dessus des terrains devoniens que des manifestations 
volcaniques recentes (mis a part quelques intrusions doleritiques qui se 
rencontrent vers l'Hinlopenstretet et le Storfjorden). Les plus anciennes coulees 
se rencontrent sur une peneplaine datant certainement de la fin du Tertiaire 
et se trauvant actuellement a plusieurs centaines de metres d'altitude, alors 
que les plus recentes reposent sur la surface d'erosion actuelle. Ces coulees, 
accompagnees de quelques appareils volcaniques et de rares sources thermales, 
se localisent sur les bords de l'Hinlopenstretet et surtout dans la partie nord
centrale du Spitsbergen: Andree Land et partie orientale du Haakon VII 
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Fig. I. A droite: situation de l' ar

chipel du Svalbard. A gauche: carte 

du Spitsbergen mon/rant le com

plexe de Heckla Hoek avec les prin

cipaux gisements metalliferes: 1. 
St. Johnif.jorden; 2. Kapp Mine

ral; 3. Sinkhol men; 4. Revd alen; 

5. Andvika ( d' apres FLOOD 1969). 

On the right: localization of 
Svalbard archipelago. On the 

left: map of Spitsbergen show

ing the Hecla Hoek complex 
with mineralized localities: I. 
St.Johnsfjorden; 2. Kapp Min
eral; 3. Sinkholmen; 4. Rev
dalen; 5. And vika (after FLOOD 

1969). 

Fig. 2. Carte de la region du Wood

.fiorden avec les principales mani

festations volcaniques. 

Map of the Wood Bay area 

showing the main volcanic 

bodies. 
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Fig. 3. Vue de Sorlifjellet depuis Halvdandalen; les cou/ees volcaniques sont nettement vi1>ibles au sommel 
( a droite se trouve la Stordalen). 

View on Sorlifjellet taken from Halvdandalen; volcanic flows are visible on the top (on the 
right is Stordalen). 

Land, c'est a dire la region autour du Woodfjorden. Il s'agit probablement de 
manifestations recentes: 6500 a 4000 ans pour le volcan du Sverrefjellet 
( SEMEVSKIJ 1 965). Ces ages ont cependant ete controverses recemment par 
HALVORSEN (1972) pour lequel le neck de Halvdanpiggen serait d'åge permo
carbonifere d'apres des donnees paleomagnetiques (voir plus loin). 

Etude petrographique et geochimique d'echantillons des coutees 

volcaniques de Halvdandalen et Sorlifjellet 

Tout autour du Woodfjorden, les manifestations volcaniques sont nom
breuses (Fig. 2): coulees de Kapp Auguste Victoria, Sorlifjellet (Fig. 3) et Scott 
Keltiefjellet (Fig. 4) a l'Est et de Risefjella, Halvdandalen (a proximite de 
Halvdanpiggen) et Sigurdfjellet (avec un appareil volcanique partiellement 
conserve dans ces deux cas) a l'Ouest, en relation avec la faille majeure qui 
separe les terrains de l'Hec.kla Hoek du fosse central devonien (voir Fig. 1 ). A 
proximite de cette faille se situe egalement le volcan de Sverrefjellet, au fond 
du Bockfjorden, associe a des sources thermales. Decrits par HoEL et 
HOLTEDAHL en 1 91 1 ,  ces affleurements n'ont, depuis, fait l'objet que d'etudes 
localisees (GJELSVIK 1 963; BuRov 1 965; SEMEVSKIJ 1 965). 

Les echantillons etudies proviennent soit du Sorlifjellet (S3, S5, S7 et S9), 
coulee dont la base se situe vers 850 m au dessus de la rive orientale (Fig. 3) 
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soit de Hvaldandalen (W6 et Wl5), pointement basaltique au sein des gres 
devoniens. 

Les resultats de cdtc etudc ont etc pablies par .'.\1. LusSIAA-BERDOU-POLVE 

et al. (1973), aussi ne ferons-nous qu'en rappeler les points principaux: 

1. 

Tableau 1 

Ana{yses chimiques et normes des echantillons itudies 

Chemical analyses and norms of the samples studied 

S3 ss S7 S9 W6 Wl5 

Si02 43,47 42,49 43,11 46,60 48,89 54,50 

Ti02 2,22 2,64 2,62 1,45 1,33 1,49 

Al203 14,35 14,22 14,51 15,68 15, 70 16,98 

Fe203 l l,01 12,50 12,87 10,70 l l, 16 7,78 

MnO 0, 15 0,16 0,17 0,16 0,16 0,12 

MgO 9,79 9,90 8,79 7,21 7,93 3,16 

CaO 8,37 9,74 9,63 8,48 8,25 9,25 

Na20 2,68 3,33 3,58 2,91 3,20 3,60 

K20 1,76 1,45 1,59 0,73 0,79 0,55 

H20 4,52 2,35 2,75 4,86 2,47 2,92 

Total 98,32 98,78 99,62 98,96 99,88 100,35 

Normes C.I.P. W. 

Q 0,00 0,00 0,00 0,3 0,00 8,43 

or 10,41 8,58 9,40 4,45 4,67 3,25 

ab 14,68 7,07 8,24 24,6 27,05 30,43 

an 21,89 19,54 18,79 27,5 26, 11 28,51 

ne 4,32 11,42 11,93 0,00 0,00 0,00 

l
wo 8,20 12,02 12, 11 6,03 6,20 7,26 

di en 5,77 8,11 7,81 5,85 3,95 4,25 

fs 1,72 2,98 3,47 1,72 1,84 2,66 

J
en 0,00 0,00 0,00 14,10 7,80 3,65 

hy fs 0,00 0,00 0,00 6,47 3,63 2,29 

I 
fo 13,10 11,65 9,92 0,00 5,66 0,00 

ol fa 4,32 4,73 4,87 0,00 2,91 0,00 

ilm 4,69 5,57 5,53 2,74 2,81 3,15 
mt 4,35 4,35 4,35 4,4 4,35 2,90 

Etude pitrographique de ces ichantillons 

Les roches prclevees sont de deux types: 

cinq des six echantillons (S3, S5, S7, S9 et W6) sont des basaltesa olivine 
dont !'analyse chimique et la norme confirment qu'il s'agit de basaltes 

alcalins (tablcau I). Ces resultats sont semblables a ceux de GoLDSCHMIDT 

conccrnant des roches de la memc region (Fig. 5). 

- le sixieme cchantillon, Wl 5, est une trachydolerite a chimisme plus acide. 

2. Geochimie du strontium 

On observe une grande dispersion des resultats, entre 0. 70"r4 et 0. 7104 

(Fig. 6), non reliable a une variation analogue en potassium, rubidium ou 
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Fig. 4. Vue prise vers l' Est sur la partie Sud du Scott Keltiefjellet, pointement basaltique le plus miridumal 
de la rive Est du Woodfjorden. 

View, to the east, on the southern part of Scott Keltiefjellet, the southerrunost basaltic 
outcrop of the eastern coast of Woodfjorden. 

5 
S7 

55. . 
53 W15 

50 55 

Fig. 5. Diagramme alcali-Jilice des echantillons du Woo4fjorden avec la separation entre les champs alcalins 
et tholeiitiques (d'apres les rockes hawaiennes); on notera le caracterefortement alcalin de ce volcanisme. 
Echantillons analyses par GowscHMIDT: GSa, GSb, GSc: Sverrefjellet; GH: Halvdanpiggen; GK1, 

GK2: Kapp Auguste Viktoria. 

Alkali-silica diagram of samples from Woodfjorden, with separation between the alkali and 
tholeiitic fields (for Hawaiian rocks); note the alkalic character of this volcanism. Samples 
studied by GoLDSCHMIDT: GSa, GSb and GS0: Sverrefjellet; GH: Halvdanpiggen; GK1, 

GK2: Kapp Auguste Viktoria. 
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C ro ut0 continentale gronitique 

0702 

53 
Spitsbergen 

Jan Mayen 

1---1 

W15 57 59 W6 

Basalles alcal1ns du Pacifique 

Thoic?iites ocE.antques 
1------i 

0704 0706 0.708 

55 

0710 

Fig. 6. Valeur du rapport 87Sr,l86Sr de quelques roches; Jan Mayen d'apres LussrAA BERDOU PoLVE et 
al. (1973); basaltes alcalins du Pacifique, tholeiites ocianiques d'apres HART (1969) et PETERMAN et 

HEDGE (1970). 

87Sr/86Sr values for same rocks; Jan Mayen after LussrAA BERDOU PoLvE et al. (1973) ; 

alkali basalts from Pacific and oceanic tholeiites after HART ( 1969) and PETERMAN and 

HEDGE (I 970) . 

strontium, ni a un parametre quelconque de !'analyse chimique. Il faut done 
exclure l'hypothese d'une contamination crustale due a une assimilation du 
materie! mantellique, ce qui modifierait la composition chimique de celui-ci 
( enrichissement en elements lithophiles) . La faible distance entre les preleve
ments excluant une trop grande difference quant a l'origine profonde de ces 
roches, il reste a faire intervenir l'hypothese d'une contamination par deplace
ment du strontium 87 radiogenique seul - qui quitterait, sous l'effet de la 
temperature, les sites qu'il occupe dans les roches crustales traversees par un 
magma basaltique lors de sa montee. 

Etude des filons cupriferes du Woodfjorden 

Au cours de l'exploration de la division Kapp Kjeldsen, particulieremem 
riche en fossiles, nous avons rencontre, legfrement au nord de Halvdandalen 
un grand nombre de filonets de faible epaisseur (20 cm environ) qm recou
paient subverticalement la serie, sans orientation preferentielle. 

1. Composition miniralogique des miniralisations sulfuries du Devonien de Halvdandalen. 

Ces filons sont en general massifs. Nous avons cependant trouve quelques 
geodes de calcite souvent transparente et bien cristallisee en rhomboedres 
aplatis (forme equiaxe) . 

L'etude des mineralisations a ete faite en sections polies (voir Fig. 7 et 8). 

Les mineraux opaques se presentent sous la forme de mouches millimetriques 
dispersees dans une gangue de quartz et de calcite. On y distingue: 

a) de l'hematite en agregats de lamelles ( donnant ainsi un aspect de "gerbes" 
en section: Fig. 7) , ou en cristaux disperses dans le quartz, 

b) di vers sulfures de cuivre: 

la chalcocite (Cu2S) , dominante, parfois etroitement associee a de la 
digenite (Fig. 7) , 
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la covellite (CuS), soit en grantles plages independantes (Fig. 8), soit 
associee a la chalcocite, 

la bornite, en inclusions xenomorphes dans la chalcocite et la digenite 
(Fig. 7). 

c) la malachite, principal mineral d'alteration de ces sulfures, qui donne une 
couleur verte a la surface des filons. 

2. Aspect genetique 

Tous ces mineraux semblent appartenir a une meme phase de depot, avec 
l'crdre de succession suivant: 

a) depot initial de quartz, accompagne d'hematite en traces, 

b) dans les geodes de quartz se deposent: 

- de l'hematite 

- de la bornite, 

- de la chalcocite et de la digenite, qui remplacent la bornite, 

- de la covellite en croissance independante, ou remplai;ant la chalcocite et 
la digenite, 

c) depot de calcite, essentiellement tardive. 

Comme le contexte geologique semble indiquer un depot de basse tempera
ture, il est possible d'utiliser les diagrammes d'equilibre de GARRELS. La 
paragenese hematite - bornite - chalcocite - digenite - covellite indique 
ainsi Ull depot en milieu neutre a faiblement acide, faiblement reducteur. 

3. Etude miniralogique d'une azurite du Sigurdfjellet 

De nombreux echantillons d'azurite ont ete recoltes par Y. CROCHET et 
Y. j:EHENNE a environ 1 km au Sud du Sigurdfjellet, en contrebas d'une coulee 
de basaltes alcalins a phenocristaux d'olivine. Il s'agit egalement de la forma
tion Kapp Kjeldsen, comme dans le cas des filons sulfures de Halvdandalen. 

Cette azurite se presente sous forme massive, microcristalline, d'une tres 
belle couleur bleu ciel. Le diagramme dl". rayons X correspondant est tres 
scmblable a celui donne par le fichier A. S. T. �1. 

La couleur remarquable de l'azurite est due a la presence d'ions Cu 2+: 
un spectrc de reflectivite diffuse (voir Fig. 9) montre une absorption importante 
vers 700 nm, ainsi qu'en dessous de 450 nm, ce qui est causc par des ions 
cuivriques en sites octaedriques. Dans le proche infra-rouge, on note de 
nombreuses bandes d'absorption dues aux ions carbonates (a 2,05 et 2,28 µ) 
et aux ions hydroxyles (a 1 ,5  et 2,36 µ), ainsi que l'ont note HuNT et SALISBURY 

( 197 1). Cependant, les bandes d'absorption caracteristiques des car bona tes 
sont anormalement faibles dans les hydroxycarbonates de cuivre tels la 
malachite (CuC0 3 ,  Cu(OH)2) et l'azurite (2C-uC03, Cu(OH) 2). 
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Fig. 7. Section polie de minerai cuprifee de Halvdandalen: Hematite (H) en "gerbes" et association en 

larrulles paralleles de Chalcocite (C) et de Digenite (D), portant une inclusion xenomorphe de Bomite (B), 
x200. 

Polished section of cupriferous minerals from Halvdandalen: "sheafed" Hematite (H) and 

association of parallel lamellas of Chalcocite (C) and Digenite (D) showing a xenomorphic 

inclusion of Bornite (B), x 200. 

Fig. 8. Section polie de Covellite (Cv) et Quartz (Q) , X 200. 
Polished section of Coveilite (Cv) and Quartz (Q ), x 200. 
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Ref I ett i V it e 
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L ongueur dOnde 
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Fig. 9. Spectre de riflectance diffuse d'azurite, pris par reference a MgO. 
Diffuse reflectance spectrum of azurite relatively to MgO. 

4. Comparaison avec les mineralisations connues dans le Spitsbergen 

Les mineralisations etudiees au Spitsbergen se rencontrent dans les forma
tions Heckla Hoek et semblent etre d'age pre-devonien, datant peut-etre de 
la fin de l'orogenese caledonienne (BrRKENMAJER et Wo1crncHowsKr 1964; 

Wo1crncHowsKr 1964; FLOoD 1969). De plus leur composition mineralogique 
est tres differente: pyrite, chalcopyrite, galene et blende, dont les proportions 
relatives varient beaucoup entre les gisements. 

La presence de filons sulfures dans des terrains devoniens constitue done 
au Spitsbergen un fait original qui merite d'etre souligne. Il y a peut-etre 
d'ailleurs une relation avec ie volcanisme de la region nord-centrale de cette 
ile, les deux phenomenes se produisant d'autre part a proximite d'une faille 
majeure qui separe les Vieux Gres Rouges des terrains metamorphiques du 
Heckla Hoek. 

Discussion 

Les analyse<; chimiques des basaltes et trachy-dolerites des deux ensembles 
sont assez voisines (surtout celles des echantillons S9 et W6), mais il faut noter 
que les resultats des analyses des isotopes du strontium montre que les valeurs 
trouvees pour Halvdandalen sont comprises entre celles des echantillons du 
Sorlifjellet. Cette homogeneite des resultats est tres interessante et est a 
comparer aux donnees du paleomagnetisme, qui indiqueraient pour le neck de 
Halvdandalen un age permo-carbonifere, tres different done de celui des 
autres formations volcaniques de la region. Il serait par consequent utile de 
posseder d'autres donnees geophysiques et geochimiques afin de voir combien 
de phases volcaniques se sont succedees dans le Woodfjorden, car les resultats 
que l'on possede, apparemment contradictoires, sont trop partiels. 
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The age of Spitsbergen Dolerites 
(From isotopic <lating) 

By Ju. P. BuRov, A. A. KRASIL'SC!Kov, L. V. Frnsov, and B. A. KLUBOV 

Abstract 

New radiometric <lates for Spitsbergen dolerites are presented. The data obtained are 
within the range of 198-93 m.y. There were two stages of the major intrusion corresponding 

to two age maximums of 144 ± 5 and 105 ± 5 m.y. 

Basic magmatic activity was intense during the platform episode in the 
evolution of Svalbard. Dolerite sills and dykes are typical and widespread in 
the sedimentary sequence up to Upper Jurassic beds (Volgian stage). 

Publications on Spitsbergen dolerites (TYRRELL and SANDFORD 1933, 
BuRov and L1vs1c 1965, Frnsov and L1vs1c 1967) and the geology of Svalbard 
usually speculate on the time of dolerite intrusion. Prior to recent studies, one 
group of investigators (NATHORST 1910, TYRRELL and SANDFORD 1933) sug
gested that the intrusions were Late Jurassic-Early Cretaceous in age, while 
another group (BuRov and L1vs1c 1962, 0RVIN 1940, HARLAND 1961) dated 
them as Late Cretaceous or even Paleogene. 

K-Ar <lating of the dolerites ( mainly from eastern Isfjorden) has been carried 
out recently both in our country and abroad (GAYER et al. 1966, Frnsov and 
L1vs1c 1967). There is a significant discrepancy between the English and 
Soviet dates with an average difference of 30 m. y. even in samples of the same 
area. 

MILLER and SPALL (GAYER et al. 1966, pp. 25-26) consider the dolerites in 
eastern Isfjorden to be Late Jurassic in age, 149-144 m. y. ,  with alteration 
accounting for the differences between the five <lates obtained. Frnsov and 
L1vs1c consider the dolerites to be Middle Cretaceous (100 m. y. ) with the 
fine variation in rock age "or some geological disturbar..ce of K-Ar ratios" 
( Frnsov and L1vs1c 196 7, p. 183) accounting for diff erences in the determined 
ages. 

This report deals with new age determinations of dolerites mainly from 
eastern Svalbard. The determinations were made in the Laboratory for 
Geochronology, Siberian Section of the U. S. S. R. Academy of Sciences, on 
material collected by the Spitsbergen Expedition of the Institute of the Geology 
of the Arctic in 1962-1964. 
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_.... .. 

fl 
Sørkapp ""*.z so 

Fig. 1. Sketch-map of dolerite intrusions in Spitsbergen (on geologic-tectonic base). 

Structural.Jormational complexes of the plaiform cover: 1. Paleogene complex; 2. Mesozoic complex; 
3. Upper Paleozoic complex; 4. Devonian orogenic (postgeosynclinal) complex; 5. Caledonian and pre
Caledonian fold structures (Pre-Cambrian-Early-Paleozoic); 6. Caledonian granites; 7. Mesozoic 
dolerites; 8. ( ?) Late Mesozoic basalt f lows; 9. Holocene volcanos; JO. Major faults; 11. Ordinal 

number of sample and its K-Ar date. 

In the eastern part of the archipelago, generally being more tectonically 
stable, a large number of dolerite intrusions are exposed. No representative 
data on structural control of the igneous bodies is available, hut it is note
worthy that swarms of dolerite intrusions are associated with junctions of 
major intersecting reactivated faults with submeridional and sublatitudinal 
trends. 

The characteristics of the intrusions are often related to the country rock
type. Intrusions in Upper Palaeozoic carbonate deposits generally, have a 
steady strike, relatively planar contacts, and uniform thicknesses. Those in 
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Mesozoic clastic rocks sometimes diverge forming bodies with complex con
figurations and many apophyses. The total thicknesses of sills and dykes are 

30 to 60 m and 10 to 15 m, respectively. 
The most widespread rock type is a fine-grained ophitic qu:;.rtz dolerite. 

Its mineral composition averages 45 to 50% plagioclase (AN50-80), 35 to 
45% clinopyroxene (augite), 1 to 8% quartz and 4 to 10% opaque minerals 
(mainly ilmenite and titano-magnetite). Petrochemical differentiation of the 
intrustions is slight. Slightly differentiated intrusive bodies described from 
Barentsøya and eastern Isfjorden range petrologically from porphyritic olivine 
dolerites, with olivine content reaching 13%, to coarse-grained leucocratic 
gabbrodolerites. Fine-grained porphyries with non-crystalline glassy patches 
occur in the contact zones of the intrusions. Secondary alteration includes 
chlorite, iddingsite, carbonate and leucoxene, totalling 1 to 20%. 

Determinations were made on 30 samples taken from localities shown in 
Fig. 1. K-Ar datings are given in Table 1 and plotted in Fig. 2 along with 
previous determinations (FIRsov and L1vs1c 1967). 

The K-Ar <lates range from 198 to 93 m. y. 1 The scattering of <lates is due to 
both experimental ( especially low K-Ar content) and geological factors. The 
<lates are therefore of variable quality. 

The oldest dates (390 to 198 m. y. ) may be disregarded. The date 390 m. y. 
is from a sample (N3409) of the contact zone of a sill intruding Caledonian 
granites with K-Ar ages of 410 to 400 m. y. (KRASIL'SC!Kov, KRYLOV, and 
ALJAPYSEV 1964). A sample (N 2863) from a similar geologic position is dated 
as 198 m. y. Both samples characterize the northernmost intrusions (Laponia
halvøya in Nordaustlandet), but petrologically they are similar to Mesozoic 
dolerites which occur elsewhere in Svalbard. The obviously exaggerated age 
may be due either to argon supplied by granites durin g dolerite emplacement, 
or a result of later tectonism. 

Another sample (N 3398) from the upper sill on Wilhelmøya dated as 
198 m. y. , is also inconsistent with the true age. The sill occurs in fossiliferous 
Upper Jurassic strata and therefore must be from 150 to 135 m.y. in age. 
Two other sills in stratigraphically lower positions on Wilhelmøya are dated as 

165 m. y. (sample N 3397, lower sil!) and 106 m.y. (sample N 3399, middle sill). 
The rest of the datings are relatively consistent with geological positions, 

allowing for the effects of alteration and experimental inaccuracies. 
A comparison based on all available age determinations <loes not reveal any 

connection between <lates and geological factors such as age and composition 
of country rock or the size, form and structural-petrological features of the 
intrusions. However, a relation ship between geographical distribution and age 
is shown on the sketch-map (Fi�. l )  and on the age-frequency distribution (Fig. 2). 

Within Spitsbergen the samples were taken from t:iree separate regions: 
western Isfjorden (NN 3376 to 3378), eastern Isfjorden (NN 3379 to 3380 
and 2865 to 2879) and west side of Storfjorden (NN 3381 to 3382). In curve I 

1 Taking into consideration the dates obtained by L. V. Fmsov and Ju. JA. L1vs1c ( 1967), 
the upper limit may reach 71 m.y. 
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these samples show a distinct peak at 105 m. y. A second peak at the right end 
of the curve is due to three samples dated 146 to 139 m. y. from western 
Isfjorden with tectonic conditions differing from those in central Spitsbergen. 
Excluding these samples, the average of 19 datings is 103 m. y. near the main 
peak. 

Curve Il based on 20 samples from eastern Svalbard (Edgeøya and Barents
øya, Hinlopenstretet area, Nordaustlandet), is more complex. In the age 
interval 167 to 93 m. y. it has three peaks at 165, 144 and 127 m. y. The average 
age for the 20 samples, 132 m. y. ,  does not coincide with any peak. The av
erage value from all 42 samples ( 120 m.y. ) seems to lack any geological 
significance because of the wide date distribution. The combined distribution 
curve (Fig. 2, Curve Ill) has a distincfr1e pea:-.: at 144 m. y. resulting from the 
superposition of peaks. 

The outlined pattern of the areal distribution of various <lates becomes 
even more distinct when comparing slightly diffcrentiated and undifferentiated 
intrusions. The great majority of "younger" ages in the interval from 70 to 
130 m. y. belong to slightly differentiated intrusions, the "average age" from 
19 samples being of 100 m.y. The ages of samples from undifferentiated 
intrusions lie in the interval 110 to 165 m. y. with maximum age and "average 
age" of 144 and 135 m. y. , respectively. From the available sparse descriptions 
of samples studied by English geologists (GAYER et al. 1966), most samples 
were collected from undifferentiated intrusions, and this may account for �he 
differences between English and Soviet results (FIRsov and L1vs1c 1967). 

The data suggest that basic igneous activity occurred during a limited 
interval in the Mesozoic. Dolerite intrusion took place during most of the 
Jurrasic and half of the Lower Cretaceous. Following steady subsidence in the 
Triassic the Svalbard area began to emerge irregularly with total uplift in 
mid-Cretaceous time. The Jurrasic-Cretaceous sequence is relatively thin with 

a fragment of small and large-scale non-sequences. 
The early dolerite intrusions known only in the Hinlopenstretet area were 

probably intruded at the Early-Middle Jurassic boundary. 
The next intrusive phase was the most intense, and is dated at 144±5 m.y. 

Dolerite bodies of this age are widespread in eastern Svalbard and include the 
intrusions in eastern Isfjorden. This date also coincides with the date peak 
obtained from undifferentiated intrusions. 

A separate phase, corresponding to the peak at 127 m. y. is more difficult 
to explain. The samples have a random distribution and belong both to 
undifferentiated and to slightly differentiated intrusions. 127 m.y. may be 
considered as the beginning of basic magma differentiation, which lead to the 
slightly differentiated intrusions of the mid-Cretaceous. 

Slightly differentiated intrusions are known from many localities on the 
archipelago, but only in central Spitsbergen does their volume exceed that of 
undifferentiated igneous bodies. It is therefore not surprising that the most 
probable age ( 100 ±5 m. y. ) of undifferentiated intrusions coincides with the 
maximum age and average age (103 m. y. ) obtained on samples from this area. 
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Fig. 2. Plot of K-Ar date distribujion for Spitsbergen dolerites: I. Curve for Spitsbergen; Il. Curve for 
eastern Svalbard; Ill. Combined distribution curve. 

Thus, the intrusion of cratonic dolerites in Spitsbergen began at the Early
Middle J urassic time boundary and was completed in the U pper half of the 
Cretaceous. The emplacement of most igneous bodies occurred in two phases 
with age maxima d 144±5 m.y. and 105±5 m.y. Undifferentiated bodies 
were intruded during the first phase while slightly differentiated intrusions 
were emplaced mainly in central Spitsbergen, during the second phase. 

Basic igneous activity in Svalbard was not restricted to the emplacement of 
the Mesozoic dolerite. 

Autometamorphozed gabbroic bodies are known to occur in Upper Pre
cambrian deposits along the western coast of Spitsbergen. Rocks of similar 
composition were recognized by KRASIL'SCrKOV on Storøya (near Nordaust
landet) in 1964 and K-Ar dated at 677±13 m.y. (sample N 3413). 

In central Andree Land in northern Spitsbergen olivine basalt flows rest on 
peneplained Devonian deposits. The recorded thickness of stratified basalts is 
350 m. no overlying strata being exposed. The age of these Post-Devonian 
basalts is unknown because of their ill-defined geological position, and the 
absence of isotopic <lates. They may repre5ent an effusive phase of Mesozoic 
cratonic magmatism contemporaneous with dolerite intrusions and basalt 
extrusion in Franz Josef Land. However, it is more likely that they are younger, 
Late Cretaceous or even Paleogene, and associated with the modern trachy
basalt eruptions forming volcanos in northern Spitsbergen (Woodfjorden area). 
K-Ar dating of two basalt specimens from the Sverrefjellet volcano (samples 
NN 3383, 3384) shows values of less than 1 m.y. The dates are supported 
by study of marine terraces on the volcano flanks. SEMEVSKIJ calculated the age 
of formation of the volcano as 6.5 to 4 thousand years by comparing the terraces 
of the Sverrefjellet volcano with the equivalent terraces of Billefjorden dated 
by the radiocarbon method (SEMEVSKIJ 1965). 

An important task for further investigation is to find a relationship between 
cratonic igneous activ1ty and the tectonic history of Svalbard and the adjacent 
continental shelf. 
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Abstract 

A description is given of the experiment and results obtained with four Nimbus-6 located 
automatic stations in the Svalbard waters in 1975. 

Introduction 

Because of excess capability in the Random Access Measurement System 
(RAMS) on the Nimbus-6 satellite, guest investigators were invited by the 
U. S. National Aeronautics and Spacc Administration (NASA) to participate 
in expcriments where the special positioning and data collecting system could 
be of particular advantage. The proposal, forwarded by Norsk Polarinstitutt 
(NP) and the Continental Shelf Institute (CSI), "lee drift experiment in the 
Svalbard-Greenland area", was approvcd by NASA. 

\Ve got access to the first series of prototypes of Buoy Terminal Transmittcrs 
(BTT) built by the American Electronic Laboratories, and the necessary 
station numbers were allocated by NASA for the ice drift experiment. 

Except for a test set financed by the CSI, expenditures have been divided 
on a 50-50% basis between the two Norwegian institutes involved. 

1 Norsk Polarinstitutt, Oslo. 
2 Continental Shelf Institute, Trondheim. 
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Fig. 1. The buoy used in the ice drift experiment. Lift : Shape and dimension. Note the magnetic switch. 
Right: The inside of the buoy showing antenna, transmitter, and battery package. 

Photo: CHR. MICHELSENS INSTITUTT 

Design and mode of operation 

The buoy should satisfy several demands. The hull should be strong enough 
to resist, and should also move upwards when exposed to severe pressure in 
the ice. It should be of such a construction that the very curious polar bear 
could do no harm, it should be easy to handle and small enough to pass 
through a narrow aircraft door. These demands resulted in the buoy shown in 
Fig. 1 .  

The transmitter, antenna, and batteries (lithium) are well insulated t o  avoid 
great temperature fluctuations. This is necessary to obtain a stable frequency 
during transmission. The weight of a station is about 55 kg. 

When a station is activated, transmission takes place for one second every 
62 seconds. When the Nimbus-6 passes within sight of the station, the signals 
are accepted with an allocated identification number. The data are recorded 
on tape in the satellite and tapped in the U. S. After computer processing the 
observations are sent from NASA to the users. We have received observations 
on a weekly basis both in line printer format and as punched cards. The most 
important parameter in the drift experiment is the position which in the 
NIMBUS-6/RAMS locating system is determined by the doppler-shift in 
frequency as the satellite passes by (see S1ssALA 1975). 

An automatic station can measure up to eight different parameters. For 
two of the stations the position only was observed, for the other two temperature 
at the bottom of the hull was observed as well. The inside temperature and 
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the voltage of the battery package was measured successfully for only one of 
two stations. 

The automatic stations were ordered from Chr. Michelsens Institute, which 
readily took up various kinds of challenges. 

At very high latitudes the stations are seen by the satellite on every passage, 
in this case every 108th minute. The buoy is seen by the satellite fora maximum 
of 15 minutes per passage, and there will thus be a maximum of 14-15 trans
missions received from a particular station per orbit. At least about five 
accepted transmissions seem to be necessary to obtain a position. 

Positions are given with an accuracy of 5 km according to NASA. If, there
fore, a station is placed on a certain place for a longer period of time, the 
position at this place may be estimated quite precisely. Station 0072 was 
blown on shore relatively soon after deployment and was found at the Nimbus
determined position after some time. Station 0044 also ended up on a beach 
in the northern part of the archipelago and was retrieved a year later at the 
estimated position. The position of Ny-Ålesund is determined with the aid of 
a geoceiver using the geodetic satellites. The Nimbus-determined position 
deviates from this position with 370 m for latitude and 111 m for longitude. The 
latter position is based on 84 so-called "two-pass position" determinations 
where observations have been omitted when temperature variations in the 
station have been critical for a stable frequency during the transmission. As 
much as 90% of the Nimbus positions are located within a distance of I km 
from the average position, the maximum deviation being 2.6 km. As the 
geoceiver-determined position is supposed to be correct, we may say that the 
maximum deviation for one Nimbus "two-pass position" is 3 km at Ny
Ålesund. This is well within the upper limit of position error which according 
to NASA is 5 km. 

Deployment 

The automatic stations had to be tested in the laboratory as well as in the 
field befare deployment. The test set used here was built under a contract 
with NTNFR (Space Activity Division of the Royal Norwegian Council for 

Scientific and lndustrial Research) by the Norwegian firm Eidsvoll Elec
tronics, based on both American and Norwegian components. On a display 
the identification number as well as the figures of the other eight channels 
could be read. It was thus easy to check the function of the various sta
tions. 

Deployment was made by Norsk Polarinstitutt from an expedition ship at 
the end of July 1975. Originally the launching of Nimbus-6 was assumed to 
take place in 1974 and we had therefore planned to deploy the stations in April 
1975 from a small airplane landing on the sea ice. The launching was, however, 
postponed until June 1975, and because of the partly melted or soft sea ice 
surface at that time, deployment of the stations had to be made from boat. 
Fig. 2 shows station 0072 on the ice. 
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Fig. 2. The buoy on the ice at 80.5° N and 7° E. 
Photo: K. Z. LuNDQ.UIST 

Observations 
General 

Fig. 3 shows the drift of the four buoys. Because of the novelty of this kind 
of experiment, a short description will be given of the drift of each station. 

Station 0044 was deployed on 19 July at about 80.5°N and 7°E. It fell in the 
water within a week because of west southwesterly winds. Later it had a very 
complicated drift over large areas in open sea. It reached as far east as to 
27° and as far north as to 81.9°. On 21 September it ended up in a deep fiord 
in a northerly gale. It was beset 'there for more than one month. The ice brake 
up on 31 October and the station was transported northwards. Transmissions 
disappeared on 5 December after having indicated a certain position in the 
northernmost area of the Svalbard archipelago. The area was visited in April 
1976 hut was at the time covered by hummocks and heavily screwed ice and 
a search for the station was fruitless. During a revisit in July, the station was 
found on the beach. Tests of the BTT show that the station is still in order. 

All stations were built for an operation period of three months. Station 0044 
was active for 139 days. 

Station 0072 was equipped with one temperature sensor at the bottom of the 
hull and another one inside, in the centre of the capsule. The voltage of the 
battery package was also measured. This station, deployed on 19 July in the 
same area as 0044, was also affected by the disintegration of the ice and fell 
in the sea after a few days. Very interesting sea temperature observations were 
made when it passed from polar water through Atlantic water northwest of 
the islands. The station was blown on shore on 7 August and was &queezed 

_,,., 
Fig. 3. Drift of the stations. Each dot represents observation closest to noon. Dates are given at some of 

the points. 
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underneath the icefoot. The transmission was not interrupted, however, and 
later on, a boat in the area picked it up at the satellite determined position. 
The station was transported to Ny-Ålesund where it was used in further 
experiments and tests of the sensors. This station was active for a period of 
133 days. 

Station 0342 (position only) was deployed on 24 July. It circulated in the 
eastern part of the Svalbard archipelago for more than a month in partly ice
covered waters. In the middle of September it was blown west-south-westwards 
into open water. It was active for 81 days. 

Station 0374 was equipped with a temperature sensor at the bottom. It 
gave very interesting temperature observations, which also indicated whether 
the capsule was on ice or not. The station circulated in the eastern part of the 
archipelago in partly ice-covered waters for about one and a half month. It 
was then driven westwards towards the islands and drifted southwards with 
the ice during October. This station was active for 102 days. 

Fig. 3 indicates clearly that the drift of the buoy becomes markedly more 
affected by wind when passing into ice-free areas. Fig. 4 shows the wind 
observed at Hopen and Bjørnøya when the buoy drifted in ice-free waters 
relatively near these meteorological stations. A fair accordance between drift 
of the buoy and wind speed and direction is noticed. This suggests that wind 
information may be obtained relatively regularly and inexpensively from 
drifting buoys of this type. 

lee drift observations 

There is only sparse ice drift information from the two northern buoys (0044 
and 0072). During the first week, from 18 to 23 July, the buoys drifted so un
systematically that reliable drift figures cannot be calculated. This observation 
in itself, however, is of great interest both as a piece of information about the 

28 .-· 
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26 
27 _____ _ "

-

_" 

\)BJØRNØYA 
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drift conditions which may be 
found in this area, and as valu
able information for future ex-
perir:· cnts. 

Fig. 4. Drift of station 0342 in apen sea 
plotted near noon positions near Hopen 
and Bjørnøya with observed wind at these 
two places. 
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In the eastern part of the archipelago the stations 0342 and 0374 made 
relatively great circular movements until about mid-September. This corre
sponds with the fact that a relatively high concentration of drift ice was ob
served in the area during August and September this year (VINJE 1977). The 
circulation is seen to be anticlockwise. As this is the opposite direction of the 
sea currents in that area (Atlas Murmanskoj Oblasti), it is supposed that the 
circulation must have been wind-driven for the most part. A similar circulation 
is not observed north of Svalbard, which indicates different wind patterns for 
the two areas for the period in question. 

From 25 J uly to 7 August the two buoys drifted east-north-east until 31 
July and after that, south-south-eastwards. The average speed was 17 cm seC1. 
From deployment until mid-September the two statiom are expected to have 
drifted in partly ice-covered areas, whereafter station 0342 was driven into 
open sea, while 0374 was beset off the coast. From the beginning of October 
to the 2 l st this station drifted southwards. The average speed was 12 cm sec-1 
with a maximum 39 cm seC1 between 15 and 18 October under conditions 
with moderate northerly winds. According to temperature registrations at 
the bottom of the hull the buoy was screwed up on ice and fell into water 
during this drift. This is evident from the temperature observations considered 
below. 

Temperature observations 

Fig. 5 gives observed temperatures. When the buoy is drifting in open sea 
the temperature is measured at depths not below about 35 cm. 

The most striking contrast in sea temperatures was registered in the north 
when 0072 passed from the Trans-Polar Current with a minimum temperature 
of -1.9 °C into the Atlantic water masses of the Vest-Spitsbergen Current 
with a maximum temperature of +3.7 °C (see upper part of Fig. 5). This 
latter temperature is in fair accordance with other measurements. On 10 
August, three days later, the sea surface temperature was thus measured to 
be 4.40 °C at 80°45'N and 15°55'E (Institute of Marine Research, Bergen). 
In addition, we know that the temperature sensor indicated 0.1-0.2 °C a few 

days earlier when the station was on melting ice. We note that the polar water 
shows a decrease in temperature when the Atlantic current is approached, 
and also that the maximum temperature in the latter current is found relativcly 
dose to the frontal zone. 

As mentioned above, station 0072 was blown on shore on 7 August and 
squeezed underneath the icefoot. The temperature registered in this position 
may therefore be either that of air or water or a mixture of the two. Fig. 5 
shows an average daily range of about 1 °C and a mean of about 3 °C for the 
period 7-30 August when the station was on shore. It is supposed that the 
daily range is caused by radiation influence. 

The temperature registered by station 0374 indicates the existence of zones 
with marked temperature gradients also in this area. Such a front zone was 
passed on 16 August when the surface temperature dropped from +2.1 °C 
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Fig. 5. Temperature observations at the bottom of the hull for stations 0072 and 0374. Should be compared 
with Fig. 3. 

to -1.2 °C. N ear Barentsøya and Edgeøya the sea tempera ture was registe
red at -2 °C to -2.1 °C during the freezing period. This is presumably too 
low. The present temperature observations may be considered correct to the 
nearest one or two tenths of one degree C only. 

l!ousekeeping data 

The stations were equipped with lithium organic electrolyte batteries. Fig. 6 
shows the change in voltage during the period of operation. The general 
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Fig. 6. Housekeeping data.for station 0072. 

abatement is to some extent due to a general fall in temperature which may 
be seen from the figure. At the end of the operation period the station was 
taken indoor for a while. The tempera ture increased from � 18 °C to 14 °C, 
while the voltage increased from about 14.1 to 14.4 volts. This shows a 
decrease in voltage of about 0.01 volts per decreasing degree C. Fig. 6 shows 
that the effect of the insulation, averagely about 3 °C in the beginning, de
creases somewhat during the period. 

Concluding remarks 

The experiment shows that both the positioning and the data collecting 
systems of Nimbus-6 are very reliable. It has opened up the possibilities for 
ice drift measurements and for data collection from remote and unaccessible 
areas. The prototype station used in this experiment seems to give reliable 
information from ice covered areas where ridging and disintegration take 
place as well as from the open sea where the orientation of the antenna may 
be very variable. When in open sea, the drift of the station may give good 
indication of wind speeds and directions. 
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Abstract 
Barnacle Geese (Branta leucopsis) were observed from late June until mid-August 1975 on 

Nordenskioldkysten, a tundra area on the west coast of Spitsbergen, the main island of the 
Svalbard archipelago. Another party in the same area collected data on clutch size, and this 
combined with total counts of all families and other birds present in July and of the total 
number of nests occupied in the area, enables us to reconstruct breeding success and the 
composition of the July goose population. The 80 0 adult geese counted included 20 0 parents 
with young (mean family size 2.6 goslings), 160 failed breeders (45% of the clutches started were 
lost), and 440 non-breeders. Loss of goslings between hatching and departure from Svalbard was 
negligible. The egg phase is thus critical to reproductive success and invites further study. 

Observations from a hide gave an impression of the daily time-budget of the geese both 
before and during the moult, and these data are compared with winter observations rrom the 
Netherlands. By moulting in the constant light of the far north the geese are able to detect 
predators in time to escape by swimming out to sea, and it i� possible that the need to avoid 
the potentially dangerous dark periods is one of the factors causing northward moult migration 
in arctic geese. 

1 Biologisch Station "Schellingerland", Oosterend 71, Terschelling, Netherlands. 
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Introduction 

After studying the daily routines of wintering Barnacle geese (Branta 
leucopsis) in the Netherlands (EBBINGE, CANTERS & DRENT 1975), we felt the 
need for studies in their arctic breeding and moulting grounds. In the future 
we hope to be able to measure the energy expenditure of the Barnacle goose 
throughou t the year. 

In summer 1975 we went to Spitsbergen, for a reconnaissance trip to 
Nordenskioldkysten (78°N, 14°E). This is a coastal tundra area between 
Isfjorden and Bellsundet with sufficient rocks, skerries and small islands 
offshore to provide suitable nesting sites for Barnacle geese, Eider ducks 
(Somateria mollissima) and Glaucous gulls (Larus hyperboreus). In this area 15-20% 
of the total Barnacle goose population of Svalbard breeds and/or moults. 

Methods 

Data on clutch sizes were obtained from an American team (JOHN DrTTAMI, 
ScoTT KENNEDY and CHARLIE THOMFORDE) , studying the breeding biology of 
Barnacle geese on one of the islands offshore. 

In cooperation with this group a careful count of the Barnacle goose popu
lation in the study area was carried out. 

On 4 and 5 August all possible breeding islands along Nordenskioldkysten 
were visited by boat together with AREND VAN DIJK and ToM VAN SPANJE, and 
all nests used by Barnacle geese this season were counted. By this time only a 
few Eider ducks were still breeding; the majority of the Eider ducks and all 
the geese had already left these islands, so we were sure not to cause any 
serious disturbance. 

Though most nests had been abandoned about a month earlier, it was still 
feasible to distinguish between used and unused nests. All Barnacle goose nests 
were recognizable by a dike of droppings surrounding it, though in some cases 
there were fewer droppings surrounding the nest site, presumably indicating 
that this particular nest had been robbed and/or deserted before hatching. 

Breeding success could be estimated by comparing the number of nests 
used to the number of successful families counted later, and by comparing the 
average clutch size before hatching with the mean brood size. 

Survival of goslings, once hatched, was assessed by regular counting of the 
family sizes of at least ten families in a small area where 17 families raised 
their goslings. 

Data on the daily time budget of flocks of Barnacle geese were collected by 
direct observation of the various activities performed. From a hide ( 1 m3) 

placed near a pond we watched the geese by telescope (25 x 60). Every ten 
minutes we scored the activity of each goose in the group, covering the whole 
group several times until at least 100 scores were made. The following types of 
activity have been discerned: feeding, drinking, being alert, walking ( without 
feeding or without apparently being alert), swimming (alert or not), flying, 
body care (preening, wing flapping, etc.), sleeping (legs covered, head mostly 
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on back, but sometimes only with shortened neck) and social interactions 
(mostly one goose chasing the other). 

At the end of June the activity was scored of a small flock of non-breeding 
birds that were not yet moulting. 

In July, after hatching and when the adult birds had started to moult, the 
geese were very wary and immediately fled into a nearby pond as soon as a 

human being approached within a distance of 1 to 2 kilometres. When coming 
nearer than about 500 metres to such a flock swimming in a pond, they would 
leave the pond and run at a high speed to another pond or even more likely 
to the sea, staying there until the <langer had disappeared. 

In order not to be troubled by this wariness of the geese, we placed the hide 
on top of a hill about 300 metres away from a pond, enabling us to sneak into 
the hide without being seen by the geese expected to be feeding around this 
particular pond. 

In a ten-day period in mid-July we were able to collect data about the 
activity of a flock of moulting geese with goslings ( covering 20 hours of obser
vation, spread over the entire 24-hour period of light). As the moulting birds 
cannot fly, they stay - if not disturbed too much - continuously in the same 
area. Thus, without individually recognizable birds at our disposal, we were 
sure to study the same flock ( there was always a family with six goslings in the 
flock) at different times of the day. This made it possible to get a reliable 
picture of their daily time budget while moulting their primaries. 

Goose droppings and two vegetation samples were collected and dried 
above a stove. The dry weight of the former and calorific value of both were 
determined using a ballistic bomb calorimeter. The number of droppings 
produced daily by a Barnacle goose was estimated roughly by extrapolation of 
a few data collected on defac:cation rate. 

Goose usage of the vegetation was assessed by counting the number of 
droppings left by the geese at two transects, consisting of 10 and 13 incon
spicuously marked plots of 2 x 2 m each, where all droppings were counted and 
removed regularly. 

Weather 

According to the crew of the weather station at Kapp Linne (Isfjord Radio), 
thaw was about two weeks later than normal. �fost observations described in 
this paper were made in July, when air temperatures ranged from 0°C to 
+ 1 1°C with a daily mean of +4.9"C. 

The weather was usually calm and the sky overcast. Very often there was a 
light drizzle - about six days a week - and one day a week on the average 
the sun was shining. 

Observations on Barnacle Geese 
1. Arrival 

The first Barnacle geese were seen on. 18 May by the crew of the Isfjord Radio 
station near Kapp Linne. On 24 May two members of this crew went south 
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by snow scooter and saw about 100 Barnacle geese near Van Muydenbukta 
and another 70 in Berzeliusdalen on snow-free places, the remainder of the 
tundra area still being snow covered. 

According to LøvENSKIOLD (BAUER and GLuTz VON BLOTZHEIM 1968) the 
Barnacle geese usually arrive in Svalbard during the last ten days of May. 
Although the season was late in Svalbard in 1975, the Barnacles arrived on 
schedule. 

2. Breeding 

In 1974 AREND VAN DIJK and ToM VAN SPANJE (pers. comm.) observed the 
first Barnacle egg hatch on 28 June on a small island off Nordenskioldkysten. 
In 1975 hatching on this island did not occur until 5 July (D1TTAMI et al. 
1975). Apparently the breeding season had been delayed by the late thaw. In 
1964 the spring was also unusually cold and this resulted in hatching between 
4 and 11 July (NoRDERHAUG, 0GILVIE and TAYLOR 1965). 

On the island already referred to, clutch sizes were determined at the end of 
the incubation period in 1974 (AREND VAN DIJK and ToM VAN SPANJE (pers. 
comm.)) and in 1975 (DITTAMI et al. 1975) (Table 1). 

In 1975 the mean clutch size was smaller (almost significantly so, two
tailed t-test, p<0. 10) than in 1974 on the same breeding island. That clutch 
size is smaller when thaw is late is a phenomenon already documented in the 
light-bellied Brent goose (Branta bernicla hrota) by BARRY ( 1962) and in Ross's 
goose (Anser rossii) by RYDER ( 1972). Geese are considered to be determinate 
layers, which means that at the start of laying the m1mber of follicles stimulated 
by gonadotrophic hormones is definitively fixed, and equals the number of 
eggs laid (KLOMP 1970). In the Brent goose BARRY ( 1962) found that the later 
spring comes, the more follicles become atretic. By this "internal loss of eggs" 
clutch size becomes smaller, and when spring is very late no eggs are laid at all. 
As incubation in geese starts after the clutch has been completed, this pheno
menon enables the geese to shorten the time of egg laying, by laying fewer 
eggs in years with late springs: a very useful adaptation to the short arctic 
summer. 

3. Breeding success 

A survey of all possible breeding islands along Nordenskioldkysten (from 
Akselsundet up to Kapp Linne) on 4 and 5 August yielded a total of 182 
Barnacle goose nests used in 1975 on five different islands (Ta ble 2). 

In July, when no adult Barnacle goose could tly, because they were all 
moulting, a careful count in the whole Nordenskioldkyst-area yielded 800 
adult Barnacles (adult > 1 year old), including 100 successful families (parents 
with at least one gosling). This means that in 1975 only 55% (100: 182) of 
the breeding pairs were successful. As 1972 and 1973 bJth had good breeding 
seasons (CAMPBELL 1974), and as Barnaclc geese stare to breed when two or 
three years old, a high proportion of the brceding birds in 1975 must have been 
inexperienced. This may have contributed to this rather low breeding success. 
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Table 1 
Mean clutch-size �f Barnacle geese ( ± 95 % con:f interv.) 

First egg hatched Mean clutch-size n Year 

? 4.3±0.52 16 NYHOLM 1965 
LØVENSKIOLD 1963 

28June 4.1±0.52 19 1974 VAN DrJK and VAN SPANJE 

6July 3.3±0.36 12 1975 DJTTAMI c.s. 

Table 2 
Number of used nests on five breeding islands 

No. Barnacle geese Eider duck Glaucous gull 

1 66 219 30 
2 54 253 22 
3 24 10 7 19 
4 33 211 6 
5 5 > 80 3 

+ + + 
182 ±900 80 

Table 3 
Brood si;;,e of Barnacle geese in Svalbard 

Year Hatching period Brood size 

1964 4-11 July 2.6 (n = 59) NoRDERHAuG, OmLvrn, TAYLOR 

1973 I0-15July 2.4 (n = 57) jACKSON, OmLvrn, OwEN 

1975 6-12July 2.7 In= 58) this paper 

On 20 July - one to two weeks after hatching - the mean brood size of 
58 families on the tundra was 2. 7 goslings. As neither the American team nor 
we observed any predation on goslings, not even when they left the breeding 
islands for the tundra, this figure may represent the average number of eggs 
hatched. Since mean clutch size was 3.3, this means that successful breeders 

. 2.7 
had a hatchmg success of: 3.3 = 82 % . 

In the Ross's goose RYDER ( 1972) gathered similar data in a rather late 
season with a large proportion of inexperienced breeders: in 67.6% of all the 
nests at least one egg hatched, and in these successful nests 86.l % of the eggs 
hatched. 

In the Barnacle goose similar brood sizes were found by earlier research 
teams in Svalbard (Ta ble 3). 

4. Survival of the goslings 

Regular counts near Kapp .Martin where a maximum of 1 7 successful 
families raised their goslings, showed that the mean brood size remained virtu-
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ally constant (Fig. 1), at least up to an age of five weeks. Brood sizes were 
determined three times covering a larger area (including Kapp Martin) 
(Figs. 1 and 2). Here too brood size proved to be virtually constant. 

There is a difficulty in the interpretation of the brood-size data. Since the 
birds were not marked, there is a possibility that disappearance of whole broods 
might distort the results: on subsequent counts the parents would no longer be 
distinguished as such. However, total counts of the Kapp Martin population 
on five occasions show a stable proportion of adults accompanied by young 
and hence identified as parents, with approximately equal numbers of adults 
in the area throughout (see Fig. 1). This confirms that once hatched, gosling 
mortality was negligible. 

From the average brood size from Fig. 2 (2.6), and knowing the total 
number of successful families in the area (100), we calculated that the fraction 

of juvenile birds along Nordenskioldkysten was 25% (8002_!�60). As ringing 

results show that the complete Barnacle goose population from Svalbard 
winters in Caerlaverock, Scotland (NoRDERHAUG et al. 1965, JACKSON et al. 1974) its numbers are easily monitored by regular counts in this particular 
area. 

Thus knowing the population size in 1974 and the normal annual mortality 
rate for adult Barnacles, and assuming that this Nordenskioldkysten-population 
is representative for the whole Svalbard population, MYRFYN OwEN expected 
from this figure (25%) the total population to increase to 6,000 individuals. 
In fact, CouN CAMPBELL counted in the autumn of 1975 in Caerlaverock 6,050 Barnacle geese. This suggests that even until reaching the wintering 
grounds mortality of goslings is negligible. 

5. Non-breeders 

The vegetation on the tundra itself is scanty. Around many small ponds 
on the tundra there is a narrow fringe of a richer grassy and mossy vegetation, 
but even this vegetation is very poor compared to the heavily fertilized grass
lands frequented by Barnacle geese in the Netherlands. At the end of June, 
while the breeding birds were still on the islands offshore, small flocks of adult 
and subadult non-breeding Barnacle geese were seen feeding on the vegetation 
zone surrounding these ponds an<l pools. These birds were not yet moulting 
and flew across the tundra visiting several of the ponds as vvell as the offshore 
breeding islands. 

In Table 4 the result of observations of these non-breeders are shown. They 
are based on five hours of observation of a flock varying in number from 15 to 29 individuals. 

6. A1oulting 

Just after hatching, all families leave the breeding islands to feed on vegeta
tion near the tundra ponds. Although most parents are still capable of flying 
in the first week after hatching, they do not fly, but walk and swim with their 
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goslings. The characteristic barking sound of the Barnacle geese is only rarely 
heard in this period and during the next four to five weeks when the adult 
birds moult their primaries and as a consequence cannot fly at all. It was not 
until the second week of August that we again heard the Barnacles calling 
out aloud, as they flew across the tundra. 

During the moulting period mixed flocks of non- or unsuccessful breeders 
and successful breeders with their goslings could be met with. The size of these 
flocks varied from 18 to 173 individuals, with a mean of 56 (n = 10). 

In Figure 3 the mean % of feeding and sleeping adults is given for each 
30 minutes in the course of the day. No clear cut daily rhythm is discernable in 
this figure, in agreement with our general impression that the birds regularly 
stopped feeding for short sleeping periods varying from 30 to 60 minutes. 

In social birds like these geese a certain behaviour once started by one or a 
few individuals is very soon copied by the whole flock, hence the whole flock 
was often sleeping for some time. While active, much time is spent being alert, 
walking and swimming, and this is why the maximum level of feeding never 
rose above 60% in the adults. In the goslings this level was often 90%. 

7. Daily time budget 

From the average percentage of a certain activity in the group we calcu
lated the number of hours per day an average adult Barnacle goose devotes 
to the different types of behaviour as listed in Table 5. In Fig. 4 this daily time 
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Table 5 
Daily time budget of moulting adult Barnacle geese 

Date ........ 13-7 14-7 15-7 15-7 20-7 21-7 21/22-7 

J 4.0 5  10.30 10.35 14.10 10.40 22.20 23.05 Mean Time . . . . . .  

l 
I I I I I I I 

8.35 I 1.30 14.10 18.30 12.20 23.00 2.45 

Number of l 
activity counts J 27 9 19 23 14 5 22 119 

Per cent of 
time devot ed to: 

Feeding 33 44 38 29 45 49 12 36 

Drinking 0.1 0.2 0 0.1 0.1 0. I 0.2 

Alert 19 15 14 15 14 12 25 16 

Walking 7 3 2 3 4 4 2 4 

Swimming 9 14 19 5 31 5 12 

Body care 5 12 8 6 10 3 5 7 

Sleeping 24 12 37 25 21 50 24 

Soc. 
interactions 0.2 0.2 0.4 0.5 0.2 0 0.2 

--------------------------------------------------------------------------------------------------------------------------------------------------------

Number of 15 19 26 
non-parents 23 22 41 15 

Number of } parents 28 10 26 

Number of l 
goslings f 

36 16 > 15 > 32 + + 

budget is compared to the daily time budget of wintering Barnacle geese in 
the Netherlands (EBBINGE, CANTERS and DRENT 1975). While wintering, these 
Barnacle geese spend most of the light period on the feeding grounds - culti
vated grasslands -- and during this time of the day we could assess the activity 
of a group by scoring the activity of a random sample of 100-200 birds out of a 
flock varying in size from 200-4000 Barnacle geese. 

The night-time is spent on the tidal mudflats and as no food is taken here 
we presume that nearly all of that time is spent sleeping, although some of the 
time spent here will be devoted to body care, swimming and social interactions. 
During the light phase of the moon a complete reversal of this daily rhythm 
often occurs, but the daily time budget in winter, as presented in Fig. 4 is 
based entirely on observations made during the dark phase of the moon. 

During one session of 4t hours on 13 July, we scored the activity of non
parents, parents and goslings separately. On 14 July, gosling activity was 
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once more scored (Ta ble 6). The agreement between the mean time budget 
of the goslings on these two days is quite striking. The goslings spend 12 hours 
per day feeding and when not feeding clearly favour that type of behaviour 
in which the least amount of energy is lost: sleeping under mother's wing. 
They must follow their parents and from Table 6 and Fig. 5 it can be seen, as 
one would expect, that they spend the same amount of time walking and 
swimming as their parents do. As for the parents the average activity has been 
scored. The male however, spends much more time being alert than the female 
but less time sleeping and probably less time feeding, too. As the goslings 
always slept under the wings of a sleeping mother, it can be inferred that the 
female will spend at least as much time sleeping as the goslings (33%). Since 
the "average" parent devotes 24% of the time to sleeping, the male must in 
fact sleep less than 15 % of his time. 

In Fig. 5 the percentages from Table 6 are converted to hours per day. 
The most striking agreement between non-parents and parents is the amount 
of time spent feeding. But the former swim and walk much more, and spend less 
time sleeping and being alert. 

8. Daily Jaecal output 

Wintering Barnacle geese defecate at regular intervals of 3t minutes 
(OwEN 1975; EBBINGE, CAKTERS and DRENT 1975), thus producing 160 
droppings/24 hours. 

During orre of our sessions on Spitsbergen a flock of 43 adult Barnacle geese 
with goslings rested for about an hour and left soon after this resting period for 
another pond nearby. We were thus enabled to visit this place without dis
turbing the geese. As we observed in two tame Barnacle geese kept in a pen, 
on Schiermonnikoog, Netherlands, sleeping geese continue to defecate at 
regular time intervals, probably until their guts are emptied, but at least for 

Tablc 7 
Calorific values of food and faeces of Barnacle geese expressed in 

kilocalories/gram dry matter (kcal/gdm) or kcal/gram organic matter (kcal/gom) 

Food plants 

Mosses (mainly Bryum spee.) 
Grass (mainly Dupontia) 

Not determined 

Salicornia brachystachya 

Poa spee. & Lolium 

perenne* 

Predominantly Festuca 

rubra* 

Calorific value 

food 

4.48 kcal/gdm 
5.15 kcal/gdm 

faeces Si te 

I Nordens�{ioldkysten, 

4.29 kcal/gdm J Svalbard, summer 1975 

4.63 kcal/gdm 4.47 kcal/gdm Lauwersmeer, Netherlands 
autumn 1974 

Schiermonnikoog, polder 
4.72 kcal/gom 4.38 kcal/gom winter 1973-1974 

Schiermonnikoog, merse 
4.73 kcal/gom 4. 55 kcal/gom winter 1973-1974 

* Data from PrnT SwrnRSTRA and GRETHA HoEKSTRA !1976) 
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about an hour, thus leaving a discrete pile of droppings behind. The first 43 
discrete piles of droppings we found held a total of 175 droppings, but in fact 
we found 69 piles all looking equally frcsh to us, holding a total of 288 droppings. 
Most probably the 26 (69-43) extra piles had already been produced during a 
previous sleeping pause at the same site, but by changing its position it is also 
possible for a goose to produce more than onc pile of droppings during one 
sleeping pause. So these geese produced at least 175 droppings while resting, 
and certainly less than 288. 

As part of the birds are alert w hile laying down, they add droppings to such 
a "resting pile", meanwhile being scored by us as being alert. For this reason 
we cannot reconstruct exactly from our data in how many goose-minutes these 
droppings were produced, but are left with 1695 goose-minutes as a minimum 
value and 2 145 goose-minutes as a maximum. This yields a time intf'.rval of 
5.9-12.3 minutes between two successive defecations. 

On another occasion we were able to keep a continuous eye on a resting 
goose for 32 minutes, and three droppings were produced during this time 
(time intervals being 11'19" and 8'35"). 

For precise estimates, more data are clearly needed, but we may conclude 
that the defecation rate in Barnacle geese during the arctic summer is prob
ably 3 times as low as in the winter when all feeding has to be done in the short 
period of daylight. 

The mean dry weight of 255 adult Barnacle goose droppings, collected along 
Nordenskii::ildkysten was 0. 78 g. 

Apart from this common fibrous type of dropping, geese produce now and 
then a rather bad smelling pasty type of faeces, an expulsion of the contents of 
the caeca, termed "splodge" (MATTOCKS 197 1). Forming only a minor fraction 
of the excreta, we paid no attention to the "splodge", when estimating the 
daily food intake of Barnacle geese wintering in the Netherlands (EBBINGE, 
CANTERS and DRENT 1975). But one can imagine that when food is scarce, as 
in the arctic, "splodge" could play a more important role. In Table 8 the 
relative importance of splodge is expressecl as the percentage "splodge" of the 
total number of excreta (n) as encountered on our regular dropping transects. 

The two tame Barnacle geese that we kept in a pen on Schiermonnikoog, 
Netherlands, also fed at night, slept regularly for short period5 in the daytime, 
and defecated at intervals of 5.4 minutes. Their feeding behaviour was more 
or less similar to that of wild Barnacles in the arctic summer. Table 8 shows 
that this similarity also holds for the relative caecal activity. 

9. Goose usage of the vegetarion 

Because grazing geese defecate at regular time intervals, the density of 
their droppings on the feeding grounds can be used as a measure of goose 
usage of a vegetation. If geese leave an area - without being disturbed by 
predators or other factors, the most likely cause is shortage of food. Hence in 
that case cumulative dropping densities can be interpreted as a measure of 
maximum carrying capacity. 
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Table 8 
Relative importance of the caeca in Barnacle geese 

n 

2000 

454 

614 

2 tame Barnacles Schiermonnikoog 1973 

wild Barnacles Schiermonnikoog, March 1975 

wild Barnacles Svalbard, summer 1975 

Table 9 
Barnacle goose dropping densities near tundra ponds, Svalbard 1975 

Per i od 

Cumulative number of 

goose droppings per m 2 

mean max. 

Number of 

permanent plots 

Predominant 

vegetation 

131 

30.June-12 August 

30.June-12 August 

10.July- 8 August 

18.I 

8.0 

12.7 

20.8 

10.8 

45.5 

5 

5 

13 

grass ( Dupontia) 

moss 

heterogenous 

n 

(grass + mosses) 

Table 10 
Barnacle goose dropping densities cumulated over the whole winter period 

( October-M arch) in the Netheriands 

1972-73 B 
B 

B 

s 

s 

G 

G 
G 

G 

1974-75 s 

Cumulative number of 

goose droppings per m2 

mean max. 

30.5 37.2 

33.5 51.5 

30.0 66.0 

38.0 51.3 

45. l 63.8 

I 7.1 25.3 

I I. I 18.3 
12.1 20.3 

12.1 18.5 
8.8 28.5 

= number of permanent (2 X 2) m2 plots 

n 

I I old pasture 

I 1 old pasture 

11 pasture newly sown previous summer 

11 old pasture 

11 salting (intensely grazed by cattle and 

treated with N-fertilizer) 

JO salting intensely grazed by sheep 
12 salting extensively grazed by sheep 

11 salting extensively grazed by sheep 
10 salting extensively grazed by sheep 
16 salting only grazed by rabbits and hare 

S = Schiermonnikoog 

B = Bantpolder area ('.\J"E-Friesland) G = salting along the coast of Groningen 

As the Barnacle geese near Kapp Martin frequently moved from one pond 
to another - even without being disturbed -- we may tentatively interpret 
the cumulative dropping densities ( expressed as the num ber of droppings 
cumulated per square meter, see Table 9) as a measure of maximum carrying 
capacity of the vegetation around the ponds near Kapp ::\1artin. 

From Tables 9 and 10 we see that the Svalbard dropping densities are 
comparable to those of the Dutch natural saltings (unused or extensively used 
by farmers) with a predominant vegetation of Festuca rubra. 
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Discussion 

The major factor reducing the production of fledged young in the Grey 
Lag goose (Anser anser) was the loss of complete clutches (NEwTm< and KERBES 
1973). Apparently this also applies to the Barnacle goose, as gosling mortality 
up to the wintering grounds proved to be negligible (Table 11). Direct obser
vations of this regulatory mechanism in the Barnacle goose can only be made 
from hides that can be entered and left without disturbing the geese. Other
wise as a consequence of human visitation to these very small islands Barnacle 
geese and Eider ducks will suffer from egg predation by Glaucous gulls, Greater 
Black Backed gulls ( Larus marinus) and Arctic skuas ( Stercorarius parasiticus). 
This has already been stressed by NoRDERHAUG (1968). 

Neither MARSHALL (1938) nor CuLLEN (1952) found evidence for the 
existence of a 24-hour rhythm in the activity of other arctic birds as Briinnich's 
Guillemots (Uria lomvia) and Kittiwakes (Rissa tridactyla) in the arctic summer. 
In the Fulmar (Fulmarus glacialis) on the other hand CuLLEN (1952) demon
strated that distinct 24-hour rhythms do occur. The moulting Barnacle geese 
we observed in Svalbard did not demonstrate a clearcut 24-hour rhythm. 

Sleep as well as the uptake of food is spread over the entire 24-hour period 
and the latter probably results in a defecation frequency three times as low 
as on their wintering grounds, where the dark compells the geese to rest on 
the safe mudflats for nearly i of the 24-hour period. This defecation rate 
results in a daily production of about 150 droppings per goose, or roughly 
equal to the number of droppings produced daily in winter ( 160). 

On their wintering grounds in Scotland (Caerlaverock) the average dry 
weight of a single dropping was 0.786 g (OWEN 1975), equalling the dry 
weight of a dropping produced in Svalbard (0. 78 g). So even on a dry weight 
basis the total faecal output per day is about equal in summer and in winter. 

A point yet to be clarified is whether the geese are able to utilize their food 
more efficiently in the arctic by slowing down the digestion rate ( our data 
would indicate a retardation by a factor of about three). The calorific value of 
both food and faeces (Table 7) yields some information on the goose's capacity 
to digest its food, but as part of the food is retained completely we also need to 
know the percentage of food retained on a dry weigh t basis. Grasses are 
probably the main constituents of the Barnacle goose's summer diet (Dupontia 
being a common and heavily grazed grass species growing around the tundra 
ponds), but as is shown by DE KoRTE (1972) mosses (Bryum sp.) can be taken 
too. However, as far as our present knowledge goes, it seems likely that the 
difference in calorific value of food and the corresponding droppings is slightly 
greater in the arctic (78°N) than on the wintering grounds (53°N). But this 
feature could very well be of minor significance when compared with the 
retention of food on a dry weight basis, as can be measured by using an 
indigestible constituent of the food as a marker (Moss 1973). 

The number of hours spent feeding per 24 hours is about 20% higher in 
the arctic summer than in the winter quarters. Since the total number of 
droppings produced per day and the mean dry weight of single droppings do 
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Table 11 
Breeding success in three goose species. A nest is considered to be 

successful if at least one egg hatehes 

Anser anser 

Anser rossii 

Branta leucopsis 

% successful nests 

42-70 

67.6-88.3 

55 

Per cent eggs hatched 

in successful nests 

72-80 

86.1-89.6 

82 

NEWTON & KERBES 1973 

RYDER 1972 

this paper 

not differ much, the total amount of food taken in both on the wintcring 
grounds and in the arctic summer may be about equal. The longer digestion 
time in the arctic could, however, result in a higher rate of food utilization, 
and this view is supported by the facts that in the arctic both the difference 
between calorific value of goose droppings and potential food, and the number 
of expulsions of the caecal contents are somewhat !arger than in the wintering 
area. Further data on this subject are needed, especially concerning the 
Barnacle goose's summer diet and the amount of food retained on a dry weight 
basis. 

The daily time budget of the goslings shows that in terms of energy ex
penditure they behave as economically as possible: feeding about 12 hours per 
day and most of the remaining 12 hours is spent sleeping under mother's 
wing, thus presumably reducing heat loss to a minimum. The activity of the 
male and female parent has not been recorded separately, yet from our general 
impression that the female feeds more often than the male it can be inferred 
that the male will be unable to devote sufficient time to feeding in order to 
maintain his body weight, because the "average" parent spends the same 
amount of time feeding as the non-parent. This would be consistent with 
BARRv's findings in the light-bellied Brant goose (Branta bernicla hrota). He 
found that body weight in the female reached a minimum valne at hatching 
time and then started to increase again. In the male on the other hand, body 
weight decreased sharply while establishing and defending his territory in the 
period of egg-laying, then his body wcight increased again during the less 
5trenous incubation period, but decreased to an even lower level in the moulting 
period when he took over the dominant role in the care of the goslings. 

In the Barnacle geese, too, we observed that the male spends considerably 
more time being alert than the fcmale and often chases away other Barnaclc 
gecse and other goslings, thus ensuring enough space for the f emale and their 
own goslings to graze. 

Which selcction pressures made the Barnacle goose evolvc as a species brecd
ing in the high arctic (between 70° and 80° North) and wintering (between 
51° and 58° North) in the temperate climatic zone? This question can possibly 
be answered if we are able to find certain advantages linked to its migratory 
behaviour. 

Like all Anatidae, geese moult all their primaries simultaneously thus 
becoming flightless and much more vulnerable to terrestrial predators in 
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particular for several weeks. Not relying on their wings for the gathering of 
food, Anatidae can afford a flightless period if enough iood and safety are 
ensured. In diurnal birds, like geese, this safety is ensured in the arctic summer 
as darkness is absent, which makes it very hard for terrestrial predators, like 
the Arctic fox ( Alopex lag opus), to ca tch a goose by surprise, as long as the geese 
stay near ponds or the sea. 

The fear of - usually nocturnally active - terrestrial predators could also 
account for the fact that the Barnacle geese wintering in the northern part of 
the Netherlands in an area without foxes (Vulpes vulpes) do visit their feeding 
grounds at night during the light phase of the moon, while the Svalbard
Barnacles wintering in Caerlaverock, where foxes are abundant, never vis1t 
their feeding grounds at night ( MYRFYN OwEN pers. comm.). 

Apparently food conditions in the arctic are sufficient for the geese to 
perform their wingmoult, for their goslings to grow up, and for both to store 
enough fat deposits to perform their autumn migration. The temperatures in 
the arctic summer are strikingly similar to those encountered on the wintering 
areas in the Netherlands, although the dark nights may be somewhat colder 
in the winter (Table 12). 

Apparently the Barnacle goose, insulated by high quality down feathers, is 
very well adapted to an average temperature of +5°C. Apart from the lack of 
food and the inhospitable climate in the arctic winter, which in themselves 
will be sufficient reasons for the geese to migrate south, the darkness of the 
arctic winter would provide the Arctic foxes with too many opportunities to 
catch geese by surprise. 

Thus having developed the pattern of moulting all the primaries at once, it 
seems advantageous for geese to find a safe moulting place with sufficient food 
at hand. For the Barnacle goose such conditions were present in the high 
arctic. Body insulation with a thick layer of downy feathers can be regarded 
as a further adaptation to the arctic climate. 

To test this Avoidance-of the-Dangerous-Dark-hypothesis, it would be 
interesting to know more about the mortality of moulting Pink-footed geese 
(Anser brachyrhynchus). This species breeds as far north as the Barnacles do, but 
also on Iceland (65°N), where during the moulting period a distinct period of 
darkness occurs, amounting up to six hours per day at the time moulting ends 
(Fig. 6). 

Table 12 
Mean temperatures of those periods when the daily time budgets 

mentioned in this paper have been estimated 

Svalbard,July 1975 

Northern Netherlands, December 1972 

Northern Netherlands, February 1973 

J day 
1 night 

day 

night 

4.9° c 

2.0° c 

5.5° c 

0.7° c 

4.7° c 
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Fig. 6. Goose phenolog y (BAUER and GLUTZ VON BLOTZHEIM 1968) in relation to duration of darkness 

(McKAY et al. 1969). Large dots indicate end of moulting period in Anser brachyrhynchus, and 

smaller dots in Branta leucopsis. Duration of darkness is given as hours per day sun below horizon. 

In spite of the fact that moulting ends later in the season in Svalbard (end of 
August) than in Iceland (6-10 August), almost the whole moulting period in 
Svalbard is spent in continuous light conditions (first sunset on 23 August) 
(Fig. 6). 

Being somewhat larger than a Barnacle goose, the Pinkfooted goose is able to 
defend its nest against the Arctic fox, and most Pinkfoot nests in Svalbard can 
be found on the tundra itself, within reach of the Arctic foxes. Two parent
Pinkfeet were even seen to chase an Arctic fox away from their goslings in 
Sassendalen, Svalbard ( AREND VAN DIJK and ToM VAN SPANJE pers. comm.). 
On the other hand, in Iceland many Pinkfeet were found dead, with their 
heads hitten off, apparently killed by Arctic foxes (JoHN THE SAILOR pers. 
comm.). 

In 1951 and 1953 the mortality of goslings out of the largest breeding colony 
in Iceland between hatching and arrival on the wintering grounds in the 
British Isles, was estimated at 60% (BAUER and GLuTz VON BLOTZHEIM 1968). 
Gosling mortality was low during the first month after hatching (when the 
dark period is still short). As a consequence mortality must have been very 
high when the length of the dark period had increased. Part of these 60% how
ever, was caused by human shooting during autumn migration. 

Clearly more data on mortality of moulting adult Pinkfeet and their goslings 
in Iceland (65°N) and in Svalbard (78°N) are needed to make satisfactory 
comparisons, but it seems likely that the Icelandic Pinkfeet suffer from heavier 
losses due to Arctic fox predation than their Svalbard counterparts. If this is 
the case for the Pinkfoot, a goose able to defend its nest successfully against an 
Arctic fox in daylight, the losses for the smaller Barnacle goose, might have been 
even more severe, had it bred south of 70°N. Since 60-70% of the world popu
lation of Pinkfeet breed in Iceland, there must be some ecological advantages 
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linked to their choice of breeding there. Clutch size of lcelandic Pinkfeet 
seems to be somewhat larger (4.5 eggs, n = 19) than in Svalbard (4.1 eggs, 
n = 55) (BAUER and GLuTz VON BLOTZHEIM 1968) , but as clutch size varies 
with climatic conditions these data are as yet inconclusive. Climatic conditions 
in lceland will be less extreme than farther north, so probably non-breeding 
years, if occurring at all in Iceland, are presumably less frequent there. 

Another adaptation of Icelandic Pinkfooted geese is the northward moult 
migration of non-breeders to Greenland (SALOMONSEN 1968). Svalbard non
breeders do not perform such moult migration. Reviewing the phenomenon of 
moult migration SALOMONSEN ( 1968) states the following: "Moult migration 
occurs in many goose species but is restricted to the non-breeders and the 
direction in all known cases is invariably north. It is probable that in many 
(or most) species the ultimate cause of the development of moult migration has 
been a potential shortage of food on the breeding ground, but it is difficult to 
understand why this moult migration in geese invariably moves in a northern 
direction, while all other moult migrations in wildfowl lead to regions with a 
milder climate". SALOMONSEN mentions two possible explanations: 

" ( 1) It may have something to do with so-called 'prolongation of migration'. 
The immature birds are still in a migratory state when the time comes for 
them to leave the breeding grounds only a few weeks after arrival. Under 
such circumstances it is most likely that the choice of a flight direction will 
be the same as used during spring migration, i.e. northerly. If the northern 
direction is genetically fixed it will be kept provided that selective forces do 
not favour any other direction. 

(2) The north direction may be the result of climatic influences. In arctic 
regions the length of time of snow-cover is of decisive significance for many 
ground-feeding birds and mammals. According to UsPENSKI (1965) a snow
free period of three months is necessary for a successful accomplishment of 
the breeding cycle in most species of geese. Only the Snow Goose and the 
Brent Goose are able to manage the full breeding cycle in slightly over two 
months, owing to a particularly rapid development of the goslings and an 
accelerated wingmoult in the adults. Although the snow-free period in the 
high-arctic areas is too short to permit breeding in most species of geese, 
the food resources can be utilised by non-breeding birds when the snow
melt in the latter part of June has made the foodplants available to thcm. 

A high selective premium is granted to such populations in which the im
mature birds movc north to the high-arctic region in June, lea ving the food 
resources on the breeding places to the goslings and their parents, in this 
way enabling the breeding population to raise its productivity." 

As all moult migration iP. geese, as listed by SALOMONSEN ( 1968), starts from 
the Arctic circle (66°1�), or farther south, the Avoidance-of-the-Dangerous
Dark-hypothesis provides another explanation for the northern direction. 
Moreover, this hypothesis can possibly be tested by comparing the survival 
rate of different moulting groups within one species, i.e. the Pinkfooted goose. 
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Summary 

To find out the possibilities of studying the behaviour of wild Barnacle 
geese (Branta leucopsis) on their breeding ground, as well as their impact on 
the vegetation, a reconnaissance trip (end of June until mid-August 1975) was 
made to Nordenskioldkysten, a tundra area on the west coast of Spitsbergen, 
the main island of the Svalbard archipelago. 

In the study area 800 adult Barnacle geese were counted, consisting of 
100 families with a mean of 2.6 goslings and 80 unsuccessful breeding pairs and 
440 non-breeding individuals. Although 80 nests must have been lost during 
the egg phase (45% of the dutch started) and clutch size was rather low (3.3), 
the production of young was reasonable (25% of total population) , due to the 
fact that mortality of goslings was ne�ligible. 

Using a hide that could be entered without being noticed by the geese, a tele
scope (25 X 60) , and a bit of luck, it provcd feasible to study the activities of 
moulting Barnacle geese. Feeding of the moulting birds was spread out over the 
entire 24-hour period and alternated regularly by short sleeping periods. Thus 
36% of the total time budget of the moulting adu1ts is spent feeding, and 24% 
sleeping. The goslings on the other hand spend almost 50% of the 24-hour 
period feeding and 34% sleeping (Figs. 4 and 5) . Dry weight of droppings of 
adult Barnacles was 0. 78 g, equalling dropping weight on their wintering 
ground, Caerlaverock, in Scotland (0. 786 g) . Total number of droppings 
produced per day in the summer very probably equals the number produced 
in the winter (160/24 hrs) . 

Finally the hypothesis of "Avoidance-of-the-Dangerous-Dark" is proposed, 
which is based on the assumption that predation by Arctic foxes (Alopex 
lagopus) on flightless, moulting geese is very low in the daylight, but much 
higher in the dark. As a result the Barnacle goose may have developed in the 
course of its evolution into a species breeding and moulting north from 70°N, 
to be able to perform wingmoult under continuous light conditions. To test 
this hypothesis a suggestion is made to compare the mortality of Pinkfooted 
geese (Anser brachyrhynchus), breeding and moulting in Iceland ( 65 °N) to the 
same species breeding and moulting in Svalbard (78°N). 

This hypothesis also provides another explanation for the fact that moult 
migration of non-breeding geese in the northern hemisphere invariably moves 
in a northern direction. 
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Anatol Heintz 

Av THORE S. WINSNES 

Professor dr. philos. ANATOL HEINTz,fotografert i Ny-Alesund sommeren 1964. 

Foto: THOR SIGGERUD 

Professor dr.philos. ANATOL HEINTZ døde 23. februar 1975. Med ham har 
Norge mistet en stor geolog, polarforsker og pedagog, og Norsk Polarinstitutt 
en trofast venn. ANATOL HEINTZ ble født i St. Petersburg 9. februar 1898. Som 
ung flyktning kom han til Norge i 1919. Her begynte han å studere naturfag 
ved Oslo Universitet. Hans kunstneriske begavelse hjalp ham godt i denne 
første tiden, han kunne som kunstmaler underholde familien og bekoste sin 
videre utdannelse. Under professor joHAN KJÆR begynte han sine paleonto
logiske studier, og etter hvert ble fossile tisk hans hovedinteresse. 
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I Norden var det i denne tiden en storstilet utforskning av de eldste fossile 
fisk, under ledelse av KJÆR i Norge og E. A. STENSJO i Sverige. I dette frukt
bare miljø gjorde ANATOL HEINTZ seg snart gjeldende. Meget av fossilm1terialet 
som ble bearbeidet, var hentet på Spitsbergen av tidligere norske og svenske 
ekspedisjoner. Interessen for Svalbard ble derfor tidlig vakt hos HEINTZ. I 1925 
deltok han som paleontolog i TH. VoGTs ekspedisjon, og i de følgende år kom en 
rekke publikasjoner om de fossilgrupper innen de fiskearter som hadde vekket 
hans særlige interesse, hailignende panserfisk, Acantaspider, og kjeveløse pan
serfisk, Ostracodermer, som han treffende kalte urfisk. 

I begynnelsen av 30-årene ble det også samlet materiale fra devon på Øst
Grønland. HEINTZ bearbeidet dette og materiale fra andre områder. I 1939 
ledet han den norske kontingent i en større engelsk-norsk-svensk ehpedisjon 
til Spitsbergens devonområder i nord. I 1949 arbeidet han i Hornsund og i 1959 
og 1964 samlet han materiale i Isfjorden. Som et resultat av bearbeidelsen av 
dette materiale er det kommet en rekke avhandlinger som har vakt stor inter
nasjonal interesse, og HEINTZ ble en autoritet innen sitt felt. 

Imidlertid var ikke dette nok for en kapasitet som ANATOL HEINTZ. Hans 
interesser omfattet også andre felter, norske mammutfunn og menneskets av
stamning. Han hadde en sjelden evne til å formidle sine kunnskaper i tale og 
skrift og skrev meget i leksika og lærebøker. 

De som hadde den glede å studere under ham og arbeide sammen med ham, 
vil også huske hans vennlighet og store menneskelige forståelse. Han var en 
uredd forfekter av sine meninger og gikk ikke sjelden mot strømmen i sam
funnsdebatten. 

I Norsk Geologisk Tidsskrift 55, 203-211, er gitt en bibliografi over ANATOL 
HEINTZs publikasjoner. Her skal nevnes de av hans arbeider som er publisert av 
Norsk Polarinstitutt: 

1929 Die downtonischen und devonischen Vertebraten von Spitzbergen. Il. Acanthaspida. 
Skrifter om Svalbard og Ishavet Nr. 22. 8 1  pp. 24 pls. 
Die downtonischen und devonischen Vertebraten von Spitzbergen. Ill. Acanthaspida. 
Nachtrag. Skrifter om Svalbard og Ishavet Nr. 23. 20 pp. 3 pls. 

1930 Oberdevonische Fischreste aus Ost-Gronland. Skrifter om Svalbard og Ishavet Nr. 30. 3 1-
46. 4 pls. 

1932 Beitrag zur Kenntnis der devonischen Fischfauna Ost-Gronlands. Skrifter om Svalbard og 
Ishavet Nr. 42. 27 pp. 6 pls. 

The Downtonian and Devonian vertebrates of Spitsbergen. IV. Suborder Cyathaspida. 
A preliminary report. By joHAN KrÆR. Ed. by A. HEINTZ. Skrifter om Svalbard og Ishavet 

Nr. 52. 26 pp. 11 pls. 

1935 Holonema-Reste aus dem Devon Spitzbergens. Norges Svalbard og Ishavsundersøkelser Med

delelser Nr. 3 1. 9 pp. I pl. 

The downtonian and Devonian vertebrates of Spitsbergen. V. Suborder Cyathaspida. 
Part I. Tribe Poraspidei. Family Poraspidae Kiær. (J. KrÆR & A. HEINTZ). Skrifter om 
Svalbard og Ishavet Nr. 40. 138 pp. 40 pls. 

I 937 Die downtonischen und devonischen Vertebraten von Spitzbergen. VI. Lunaspis-Arten 

aus dem Devon Spitzbergens. Skrifter om Svalbard og Ishavet Nr. 72. 23 pp. 2 pls. 
1943 The Downtonian and Devonian vertebrates of Spitsbergen. VIII. The English-Norweg

ian-Swedish expedition 1939. Geological results (S. FøYN & HEINTZ). Norges Svalbard 
og Ishavsundersøkelser Skrifter Nr. 85. 51 pp. I pl. 
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1953 Noen iakttagelser over isbreenes tilbakegang i Hornsund, Vestspitsbergen. Norsk Polar

institutt A1eddelelser Nr. 73. 36 pp. 

1962 l\ew investigation on the structure of Arctolepis from the Devonian of Spitsbergen (The 
Downtonian and Devonian vertebrates of Spitsbergen XII). Norsk Polarinstitutt Arbok 

1961. 23-40. 1 pl. 
Aspects of the geology of Svalbard (T. S. \V1NSNES, A. HEINTZ & N. HEINTZ). Norsk Polar

institutt Afeddelelser Nr. 87. 35 pp. 
1963 Professor dr. Thorolf Vogt som polarforsker. Norsk Polarinstitutt Arbok 1962. 153-156. 
1964 Om rein og isbjørn på Svalbard. Norsk Polarinstitutt Meddelelser Nr. 92. 20 pp. 

1965 A note on the stratigraphy of Goldschmidtfjella, Oscar Il Land (A. HEINTZ & T. 
SIGGERUD). Norsk Polarinstitutt Arbok 1963. 25 1-253. 

1966 Remarkable tracks from Vestspitsbergen. Norsk Polarinstitutt Arbok 1964. 241-242. 

Russian opinion about the discovery of Spitsbergen. Norsk Polarinstitutt Arbok 1964. 
93-118.  





Olav Holtedahl 

Av THOR SIGGERUD 

Professor dr. OLAF HOLTEDAHL døde 26. august 1975, vel to måneder etter 
at han fylte 90 år. 

Holtedahls store innsats både for norsk geologisk forskning og som lærer og 
inspirator for to generasjoner norske geologer er omtalt annensteds i forbindelse 
med hans bortgang. For norsk Polarinstitutt er det naturlig å dvele ved hans 
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polarinnsats og hans betydning for den geologiske utforskning i Arktis og 
Antarktis. Han var til sine siste dager sterkt opptatt av norske polarinteresser 
og en helhjertet venn av Norsk Polarinstitutt. 

Holtedahl ble sterkt inspirert i unge år av Fridtjof Nansens Fram-ferd. Et 
varig minne om dette er et dikt til Frams ære publisert i Tidens Tegn. 

Holtedahl deltok sommeren 1909 som nyutdannet cand. real. fra Det 
Kongelige Fredriks Universitet i Kristiania på Gunnar Isachsens Spitsbergen
ekspedisjon. Gunnar Isachsen kjente Holtedahl fra før, visstnok fra militær
tjenesten, og det var under denne foregangsmann for den systematiske norske 
utforskning av Spitsbergen at Holtedahl fikk sin innføring i det høyarktiske 
ekspedisjonslivet. Holtedahl har blant annet fortalt om dramatiske roturer i 
drivisen. 

Fra 1910 ble Holtedahl stipendiat ved Universitetet, men deltok på Isachsens 
Spitsbergenekspedisjon i 1910 og på Hoel og Staxruds ekspedisjon i 1911. 

De tre vintrene deltok Holtedahl i bearbeidelsen av resultatene og ble regnet 
for å tilhøre staben ved Spitsbergenekspedisjonene. 

Feltvirksomheten i Arktis ble det slutt på da han giftet seg og dro til USA. 
Til Spitsbergen kom Holtedahl kun en gang til, da han besøkte Bjørnøya i 
1918. Han fortsatte imidlertid å publisere materiale derfra. 

Holtedahl skulle isteden ta opp arbeidet i andre polaregner. I 1919 la han 
frem planer for en ekspedisjon til det da geologisk sett nesten ukjente Novaja 
Zemlja. Det ble vanskelig å 1>kaffe penger til denne ekspedisjonen, men ikke 
minst takket være god støtte fra Fridtjof Nansen, gikk det i orden året etter, 
og en meget vellykket ekspedisjon ble gjennomført i 1921. 

Karakteristisk for Holtedahl var at det ikke ble en rent geologisk ekspedisjon 
- han fikk også med seg en zoolog og en botaniker. I løpet av 20-årene kom 
resultatene av ekspedisjonen i tre store bind, foruten at Holtedahl 5krev om 
en rekke forskjellige sider ved ekspedisjonen og om resultatene i mange organer. 
Til og med i en bok om «Practical Hints to Scientific Travellers» (HAGE 1925) 
har han en artikkel. 

Som dosent og statsgeolog og fra 1920 som professor, arbeidet Holtedahl 
en rekke steder i Norge med geologiske undersøkelser. Men ukjente polar
trakter hadde ennå stor interesse og da det ble en mulighet for å samle data i 
Antarktis ved hjelp av norske hvalfangstinteresser, var Holtedahl med. 

På Lars Christensens «Norvegia»-ekspedisjon i 1927-28 gjorde Holtedahl 
omfattende geologiske iakttagelser fra Syd-Georgia, Syd-Shetland og Graham
land (Antarktiske halvøy). Rapporten som kom er utrolig omfattende og 
betydningsfull når man tenker på hvor kort tid han hadde på hvert sted. Det 
kom også et arbeid som har stor prinsipiell betydning for forståelsen av det 
landskapsmessige trekk som kalles «strandflaten». Holtedahl tolket sine iakt
tagelser fra det nedisete Antarktis i relasjon til hva man så i tidligere nedisete 
områder som f. eks. Norge, hvor nettopp «strandflaten» mange steder er et 
dominerende geomorfologisk trekk i landskapsbildet. 

Holtedahl følte seg hele sitt liv tiltrukket av polaregnene som han lærte å 
kjenne som ung og av de geologiske problemer der. Hele 77 av de ca. 250 
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arbeider fra Holtedahls hånd som er tatt med i hans bibliografi omhandler 
polare områder i nord eller syd. I tid for publisering spenner de fra 1911 da 
det kom to arbeider: ett om karbonavsetninger på Spitsbergen og ett sammen 
med Hoel om lavadekker, etc. på det nordøstligste Spitsbergen, til det siste 
arbeidet fra arktiske egne som er trykket i 1970 hvor han skrev om det vest
grønlandske shelfområdet. 

Holtedahl fikk etterhvert mange æresbevisninger, både norske og ikke minst 
i utenlandske vitenskapelige selskaper. Norsk Polarklubb kalte Holtedahl til 
æresmedlem ved sitt 40-årsjubileum. Holtedahl har også fått Det Norske 
Vitrnskaps-Akademis Fridtjof Nansen belønning. 

I polaregnene både i nord og �yd har innsatsen fra nor8k side vært blant 
den tidligste og den banebrytende. Dette har grunnfestet våre interesser i disse 
områder på mange måter, ikke minst i verdens omdømme. 

Med Olaf Holtedahl gikk den siste pioner fra det norske geologiske arbeidet 
i Arktis og Antarktis bort, og et viktig avsnitt i norsk polarforskning er slutt. 

10 
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Abstract 

In 197S mass balance measurements were carried out on four glaciers in Norway. Stor

breen showed a small negative balance of - IS g/cm2 in contrast with Hardangerjøkulen, 

Supphellebreen, and Blomsterskardbreen with positive balances of 20 g/cm2, 100 g/cm2, and 
170 g/cm2, respectively. In Spitsbergen, Austre Brøggerbreen and Midre Lovenbreen had 

negative balances of -31 g/cm2 and -20 g/cm2, respectively. 

Length fluctuations of sixteen glaciers were measured. All had retreated except Briksdals

breen, an outlet glacier from Jostedalsbreen, which had an advance of 41 m, the !argest since 

the measurements started 7S years ago. 

AHHOTa111u1 

B 1975 r. 6bIJI 11aMepeH BeII1eCTBeHHhrtl: 6aJiaHc qeThrpex JIBIJ;HllKOB B HopBerllll, ll3 KOTOphrx 

OIJ;llH JIBIJ;HllK, Storbreen, 06Hapym11JI HesHaqllTBJihbitl: 0Tp1111aTeJihHhitl: 6aJianc B -15 r/cM2, 

Torp;a KaK 6aJiaHc ocTaJihHhIX Tpex JieJJ;HllKOB Hardangerjøkulen, Supphellebreen li 
Blomsterskardbreen OKa3aJICH IIOJIO)l{HTeJihHbIM, a llMeHHO paBHbIM COOTBeTCTBeHHO 20 r/cM2, 

100 r/cM2 11 170 r/cM2. Ha IIIrr11116epreHe JI8/J;Hl1Hll Austre Brøggerbreen li Midre Lovenbreen 
rrpOHBllJill OTp1111aTeJihHbIH 6aJianc COOTB8TCTB8HHO B -31 r/cM2 li -20 r/cM2 • 

MsMepeHhI KOJie6aHllH /J;JlllHbI p;ecHTll ;iep;HllKOB, ll3 KOTOpb!X OTCTYITllJill BCe sa llCKJIIoqe

HlleM BhIT8KaJOII1ero ll3 Jie/J;HHOro IIlllTa Jostedalsbreen Bhrxop;noro Jiep;HllKa Briksdalsbreen, 

o6HapymllBII!ero rrpOJJ;Bllffi8Hlle B 41 M' HBJIHIOII188CH Hall60JibIIIllM sa BCe 7 5 JieT aape

I'llCTpllpOBaHHbIX emero/J;Hb!X ll3MepeHllH. 

Storbreen in Jotunheimen 

The winter snow accumulation was above normal in all parts of the 
country this balance year and as in the previous two years, the steep gradient 
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Fig. 1. Air photo taken 24 Mqy 1975 showing Ny-Alesund (lower left), Brøggerbreane (middle right), 
and Lovenbreane (middle left). In the background to the right Engelskbukta, with Comfortlessbreen and 

Uversbreen to the left. 

Aapolf>oTorpalf>HH, CHHTaH 24 MaH 1975 r., rroRa3hlBaIO�aH rroceJioR Ny-Ålesund 
(BHHay cJieBa), Jiep;mrnH Brøggerbreane (rrocepep;Htte crrpaaa) H Lovenbreane 

(rrocepep;HHe cJieaa). Ha lf>oHe BHAHeIOTCH 6yxTa Engelskbukta (crrpaaa), JieAHHRH 

Comfortlessbreen H Uversbreen (cJieBa). 

Photo: jENS ANGARD 

across the watershed <lid not exist. The winter balance on Storbreen was 
therefore above normal, 155 g/cm2, against 136 g/cm2 in an average year. 

A warm summer, especially in eastern Norway, caused an ablation of 
170 g/cm2• Therefore, in spite of the relatively large accummulation, the result 
was a negative balance of -15 g/cm2• 

Hardangerjøkulen 

The measurement of this glacier was made at a reduced scale this balance 
year. All ablation stakes except three, were broken or snowed down before 
they could be replaced during the winter. Also, it was difficult to measure the 
accumulation as the last summer surface was difficult to locate by sounding. 
The accumulation was large, even larger than the high ablation caused by the 
warm summer. The result was a positive balance of 15 g/cm2• The uncertainty 
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Fig. 3. Mass balance variations on Hardangerjøkulen 1974-75 in relation to height above sea level. 

BapHaQHII BeI11eCTBennoro 6aJianca Jiep;n1I1rn Hardangerjøkulen B 1974/75 r. 

B 3aBIICIIMOCTII OT BbICOTbI naµ; ypoBHeM MO pH. 
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is quite high owing to the above mentioned difficulties and is estimated to 
± 20 g/cm2 (Fig. 2 and Table 1). 

Supphellebreen, Jostedalsbreen 

This glacier was studied in detail by OLAV 0RHEIM in the years 1963 to 
1968. In 1975, the net balance was measured by a few stakes near the equi
librium line in the same way as in the previous year and was approximately 
100 g/cm2• 

Blomsterskardbreen, Folgefonni 

According to detailed studies by ARVE TvEDE in 1969 -71, this glacier has 
one of the largest mass balance budgets in Norway. This was also theoretically 
computed by help of run-off measurement figures from the area, and the 
height of the equilibrium line. As mentioned in the last reports, the even and 
simple accumulation pattern registered in earlier detailed surveys, the measure
ments being based on three stakes near the firn line, gives a reliable basis for 
calculation of the glacier's mass balance. As no accumulation measurements 
have been made, only net balance figures are available. As in all previous 
years, measurements showed an increase in the glacier's volume, and the net 
balance was 150 g/cm2• 

Glaciers in Spitsbergen 

In Spitsbergen glacier work was carried out on Austre Brøggerbreen and 
Midre Lovenbreen. 

The work started with accumulation measurements at the end of May. The 
snow density was determined at three localities in the low, middle, and upper 
parts of both glaciers. There was good agreement between density figures at the 
same heights on the two glaciers. The same was the case with the amount of 
superimposed ice. As melting had not yet started, this ice had been formed 
during the autumn and early winter when rain and mild weather soaked the 
snow. Superimposed ice was not found higher than 300 m a.s.l., indicating 
that precipitation either fell as snow or did not soak the snow cover to the ice 
surface above this level. The superimposed ice was measured at 15 localities 
along the centre line of the glaciers and varied from about 12 g/cm2 in the 
lower part to about 10 g/cm2 at 200 m a.s.l. It then gradually diminished up
wards and disappeared at 300 m a.s.l. as mentioned above. Superimposed ice 
formed during the summer was not measured, but estimated as in most 
previous years. Figs. 4, 5, 6, 7 show the snow depth, sounding grade, and the 
location of the ablation stakes. 

As usual, ablation was regularly measured on stakes during the summer, 
the last measurement being made on 9 September. Some melting took place 
after this date and this ablation was measured when the accumulation work 
took place next spring before any melting had begun. The autumn super
imposed ice had to be taken into account then. 
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Fig. 4. Sounding lines on A1idre Lovenbreen along which snow depth measurements have been made. 

Trig-points and ablation stakes used for orientation ef the lines are marked with triangles and eireles. 

JI11mrn Ha J1ep;H11He Midre Lovenbreen, B)J;OJlh HOTOpbIX rrpoMepeHa rJ1y611Ha cnera. 

Tp11roH0MeTpw-iecH11e rryHHTbI n a6mi11110HHb!8 peti:H11, ncrroJ1h30BaHHbre )J;JIH 
OpHeHT11pOBHl1 Jll1Hl1H, o6oaHaqeHbI TpeyrOJlhHHHaMM li: HpyraMH. 

Accurnulation on both glaciers was above the average for the eight years of 
investigation and ablation about average. The result was a negative balance 
as in all the previous years. Mass balance figures for the years of investigation 
are listed in Table 1. There is good correlation between the variations in 
mass balance figures for the two glaciers. This is very reasonable as the two 
glaciers lie dose to each other and are of nearly the same size. It may be seen 
from Fig. 8 A and B that the area distribution with height is not quite the 
same for the two glaciers. Brøggerbreen has a larger part of its area at a lower 
elevation than Midre Lovenbreen. This explains the higher ablation figure for 
Brøggerbreen throughout the years of investigation. As accumulation figures 
are also lower for Brøggerbreen, it is obvious that this glacier must have a 
greater loss in volume than Lovenbreen. 

The negative balance registered this year is the ninth of a continuous 
nurnber of years with negative balances. As stated in previous reports, it is 
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Table 1 
Mass balance Jigures in g/cm2 for Austre Brøggerbreen and Midre Lovenbreen 1967 -75 

Austre Brøggerbreen 
Year -

c a b 

1966-67 . . . . . .  " 77 142 -65 
1967-68 "" " " 57 67 -10 
1968-69 . . . . . . .. 40 133 -93 
1969-70 .. . . . . .. 37 91 -54 
1970-71 . . . . . . .. 65 123 -58 
1971-72 . . . . . . . .  95 126 -31 
1972-73 . . . . . . . . 74 82 - 8 
1973-74 . . . . . . .. 75 167 -92 
1974-75 . . . . . . .. 78 109 -31 
1968-75 . . . . . . . .  65 112 -47 

Midre Lovenbreen 

c a b 

48 51 - 3 
41 125 -84 
36 89 -53 
70 116 -46 
98 120 -22 
82 84 - 2 
70 159 -89 
83 104 -20 
66 106 -40 

Fig. 5. Snow depth sounding lines on 

Austre Brøggerbreen. Trig-points, com

pass and an odometer on a snow scooter 

have been used to fix the grid on the 

glacier. 

JllIHIIII B)J;OJib HOTOpb!X rrpoMepeHa 

rny611Ha cHera Ha ne).J;HIIHe Austre 
Brøggerbreen. l'lcrroJib30BaHhI 

Tp!IrOHOMeTp!IqecHIIe rrym;TbJ, 

6yccOJib H CMOIITIIpOBaHHblH 

Ha MOTO!IapTaX O).J;OMeTp ).J;JIH 

orrpe].J;enenHH ceTrr na ne].J;mrne. 
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Fig. 6. Distribution of snow accumula

tion on Austre Brøggerbreen 1974-75. 

Pacrrpe;ie.rremie ctterona1rnmiemrn 

na .rre;imrne Austre Brøggerbreen 

B 1974/75 r. 

0 500 1000 M 

t 
< 40 9/ cn1· 

,�, 40-50 
y I I :'· I I 1 I I I 50 - 60 

60 70 

70- 80 

80-90 

90-100 

>100 9/cm2 

difficult to determine whether this fact is due to higher ablation or lower 
accumulation than normal. Normal is here the same as figures keeping the 
glaciers in a steady state or equilibrium condition. The ablation is dependent 
upon different meteorological factors. No glacimeteorological studies have 
been made on these glaciers, but radiation is supposed to be the most important 
factor. As there is normally a relatively good correlation between temperature 
and the main ablation factors, temperature figures available from meteoro
logical stations are often alone used for a rough calculation of ablation. 

In contrast to the mean winter temperatures which have shown large 
variations, the summer temperatures have been nearly constant during the 
sixty years of observations at Isfjord Radio, the meteorological station about 
100 km further south on the coast. The correlation between measurements 
carried out at this station and the temperature measurements made over the 
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I ' ' ' ' 40-50 
r-+--rl 1 I I I I I I ' 50-60 

60-70 

70-80 

80-90 

90-100 

>100 9/cm2 

1000M 

t 

f 
I 

A 

m a.s.I. 
600 --+---+----+--�-+-�--.�---r---

-300 - 200 -100 0 100 200g/m2 

Fig. 7. Distribution ef snow accumu

[ation on Midre Lovenbreen 1974-75. 

Pacnpe]J;eJiemi:e 

CHeroHaHOITJieHHH Ha Jie)J;HHHe 

Midre Lovenbreen B 19?'1/?5 r. 

B 

m a.s.I. 
600--+---+----+-·-+------i--ir+----+----+--
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-300 -200 -100 0 

----t 
-+-----+-------+-
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Fig. 8. Mass balance variations in relation to height above sea level of Austre Brøggerbreen (A) and 

Midre Lovenbreen (B) 1974-75. 

Bapna11nn BeII.(eCTBeHHoro 6aJiaHca B aaBHCHMOCTH oT BbICOTbI Hall; ypoBHeM 

MOpH Jie)J;HHHOB Austre Brøggerbreen (A) H Midre Lovenbreen (B) B 19?'1/?5 r. 
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Fig. 9. Ablation on Austre Brøggerbreen in relation to summer temperature at Isfjord Radio in the years 

1967- 75. Stippled lines show mean accumulation, ablation, and temperatures for the same years together 
with the mean for the period 1906-75. 

A6JIHIVrn Jie,11;mma Austre Brøggerbreen B saBMCMMOCTM OT JieTHeil: TeMrrepaTyphI 

sos,11;yxa Ha CTaHI\HH Isfjord Radio B 1967-75 rr. IlyHKTHpoM OTMeqeHhI cpe,ll;HHe 

aKHYMYJllU\HH, a6JllU\HH H TeMrrepaTypbl ,ll;JIH Tex me fO,ll;OB BMeCTe c cpe,ll;HMMH 

,ll;JIH rreptto11a 1906-75 rr. 

last eight years at Ny-Ålesund dose to the glacier, is quite good. There is 
reason to believe, therefore, that the ablation factors related to temperature 
should give good correlation with temperatures measured at Isfjord Radio. 
Fig. 9 shows that this correlation is not convincing, however. There could be 
different explanations for this. We know that radiation is the most important 
factor in ablation. Differences in cloudiness over the middle and higher part 
of the glacier and the regions near the coast where the meteorological stations 
are situated, are often registered. 

Fig. 9 also shows that a much higher accumulation is needed to keep the 
glacier in a steady state condition. There is reason to believe, therefore, that 
low winter precipitation is responsible for all these years with negative bal
ances. Photographs and maps show a continuous retreat on both Brøgger
breen and Lovenbreen during the last seventy years. This tendency is even 
more pronounced on the smaller glaciers in the area. Some of them have 
probably lost more than half their volume in the seventy-year period. The 
climate in the nineteenth century seems, therefore, to have been of a much 
more severe type than today. 
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Fig. 11. Relation between accumulation and ablation compared to the mean of a year with a computed 

balance budget and a "normal" mass exchange. 

G = Gråsubreen H = Hardangerjøkulen He = Hellstugubreen 

N = Nigardsbreen S = Storbreen A = Alfotbreen 

Bsa1:1MOOTHOllleH1:1H Memp;y aHHYMYJIHl\Hetl. 1:1 a6JIH1\l:letl. B cpamien1:111 c cpep;H1:1M1:1 

:rnaqemrnM1:1 rop;a c rro;_i;c'!1:1TaHHhIM 6aJianc1:1poBaHHb!M 610;.i;meToM 1:1 "nopMaJihHhIM" 

Bell\eCTB8HHbJM 6aJiaHCO'\I. 

Other investigations 

The Norwegian Water Resources and Eletrcicity Board carried out measure
ments on eight glaciers in Norway, of which three, Engabreen, Trollbergdals
breen, and Høgtuvbreen, are situated in northern Norway. The measurements 
and investigations dealt with in this paper are presented in Table 2. The mass 
balance figures for southern Norway are also presented graphically in Fig. 11. 

Fig. 10. The fluctuation ef Bergsetbreen, an out let glacier from the Jostedalsbreen ice-cap. This is a fast 

reacting glacier with a time-lag of about three years. The height of the ice-:fall is about 1000 m. 

noJie6amre BhITeHa!Oll\8ro 1:13 .;re;_i;frnoro !1\IITa Jostedalsbreen 6hICTpopear1:1pyIOI1\8ro 

BhIXO;-(HOro Jiep;H1:1Ka Bergsetbreen c sarrasp;bIBaH1:1eM rrp1:1MepHO B Tp1:1 rop;a. 

Bh1c0Ta Jie;i;orrap;a oHoJio 1000 M. 
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Table 2 
Mass balance measurements ef different glaciers in Norway and Spitsbergen 1974 -75 

Name of glacier 

South Norway 
Blomsterskardbreen ................. . 
Hardangerjøkulen .................. . 
Ålfotbreen ......................... . 
Supphellebreen .................... . 

Nigardsbreen ...................... . 

Storbreen ......................... . 

Hellstugubreen ..................... . 

Gråsubreen ....................... . 

North Norway 
Høgtuvbreen ...................... . 
Engabreen ........................ . 

Spitsbergen 
Austre Brøgger breen ................. . 

Midre Lovenbreen .................. . 

Area 
km2 

17.30 

4.79 

11.98 

47.21 

S.3S 

3.29 

2.S2 

2.60 

38.02 

6.12 

S.80 

Winter 
balance 

g/cm2 

22S 
464 

2SO 

ISS 

13S 

91 

300 

318 

78 

83 

Summer 
balance 

g/cm2 

210 

343 

223 

170 

171 

186 

227 

IS7 

109 

104 

Net 
balance 

g/cm2 

170 

IS 

121 

100 

27 

-IS 

-36 

-9S 

73 

161 

-31 

-20 

Measurements of the fluctuation of glacier tongues were 
sixteen glaciers, and the results are presented in Table 3. 

carried out on 

Table 3 
Fluctuations in length in metres ef some glacier tongues 

Jotunheimen Jostedalsbreen 
Storbreen - 8 Briksdalsbreen +41 

Styggedalsbreen - 3 Få bergstøl breen -Il 
Memurubreen Ø -S2 (4 years) Stegahold breen + I 

Veobreen -17 » Tunsbergdalsbreen -10 

Tverråbreen -46 » Austerdalsbreen - 3 
Stygg breen 0 » 
Hellstugubreen -6S » Svartisen 
Illåbreen N -SS » Enga breen 0 

Illåbreen S -42 » 
Leir breen -20 )) 



The weather in Svalbard in 1975 
By VIDAR RISDAL 

The diagram presents some important meteorological elements observed at 
Isfjord Radio during 1975: daily maximum and minimum temperatures, 
cloud amount, and direction and speed of the wind. The cloud and wind 
observations entered are those taken at 12 GMT. The figure also shows the 
average annual temperature variation for the period 1947-74. The symbols 
used are explained by examples in the diagram. 

The table contains the monthly mean temperatures for Isfjord Radio, Hopen, 
and Bjørnøya for 1975, as well as their deviations from the means based on 
the period 1947-74. The term "normal" used below refers to this latter period. 

The weather during the first five days of the year was dominated by the 
passage of a well-developed low-pressure system. On four of these days the 
maximum temperature at Isfjord Radio exceeded 0°C. The winds were 
easterly or northeasterly. However, the air currents were not of polar origin, 
hut formed the continuation of southerly currents in front of the depression. 
In the rear of the depression considerably colder air entered the region, be
tween cyclonic centres passing farther to the south or east and a high-pressure 
ridge over Greenland. This air circulation was characteristic for most of 
January. During the last three days of the month and the first week of February 
several depressions passed the area, and the temperature was above normal. 
The second week of February was appreciably colder, due to invation of air 
from the Polar Basin, while the last half of the month again was dominated 
by a milder, cyclonic weather type. On 17 and 18 February the maximum 
temperatures observed at Isfjord Radio were as high as 3.3°C, and the pre
cipitation fell as rain. Especially the first and last third of March were in
fluenced by a cold, northeasterly flow of Arctic air, whereas cyclonic activity 
and milder spells were more predominant during the middlemost part and the 
last few days of the month. The larger part of April had northerly winds and 
temperatures about or below the average. The period 19 to 26 April formed 
the most pronounced exception from this general tendency, with transport of 
comparatively mild air from the south in connection with low-pressure pas
sages. The start and end of May were cool, while particularly the days from 
the l 2th to the 24th of the month had above normal temperatures, with 
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relatively moderate cyclonic activity and variable winds. Cyclonic act1v1ty 
influenced the weather during a few shorter periods in June as well. The 
typical air circulation during this month, however, was governed by an 
anticyclone over Greenland, or the Polar Basin, giving weak to moderate 
winds and temperatures about or somewhat below the normal for the season. 

During July and August several depressions passed. The summer weather 
was thus cloudy, and southerly winds were frequent. At Isfjord Radio three 

days had maximum temperatures exceeding I0°C: 22 and 26 July, and 11 
August. The maximum observed on 26 July, l 2.8°C, was the highest tempera
ture of the year. Apart from a cool spell from 7 to 11 September, this month 
had about normal or above normal temperatures, and the weather was con
siderably influenced by low-pressure centres travelling over or dose to the 
Svalbard area. This mild, cyclonic weather type was not equally evident in 
October. Particularly during the three last weeks of this month, cold, Arctic 
air masses were predominant. During the first 12 days of November several 
vigorous cyclones passed, with mild, southerly winds in the front, and colder, 
northerly winds in the rear. It may be mentioned that both on the 3rd and 
the 4th of the month Isfjord Radio had maximum temperatures of 5.6°C. 
From the 12th on, however, a high-pressure over Greenland and adjacent 
regions took over, giving cold northeasterly winds. The last couple of days of 
the month were again influenced by depressions approaching from the south
west, and the tempera ture rose considerably, to maxima between 0° and 1 °C. 
Except for two relatively mild spells, occasioned by the circulation around 
cyclonic centres moving farther south, the weather conditions in most of 
December was dominated by a cold, northerly air flow between high-pressure 
areas in the northwestern sector and low-pressure systems to the south or east 
of the archipelago. This circulation pattern is frequently associated with clear 
skies and, at this time of the year, radiational cooling of the ground, which 
implies that the air masses remain cold or grow still colder. The lowest tem
peratures of the year at Isfjord Radio occurred during the last half of De
cember, the annual minimum, -24.2°C, being observed on the 25th of the 
month. 

Mor1thly mean temperatures for 1975 ( T) and their deviations ( d) from the means of the 
period 1947-74. 

I li Ill IV V VI VII VIII IX X XI XII 

Isfjord Radio T -11.3 - 9.5 -11.8 - 8.4 -3.9 1.4 4.8 4.4 1.3 -5.4 - 8.5 -15.8 

d - 0.1 2.1 0.5 0.8 -0.5 -0.3 0.2 0.2 0.3 -2.2 - 1.5 - 6.4 

Hopen T -12.0 -12.2 -15.3 -JO.I -5.0 -1.5 1.2 1.3 0.7 -5.4 -10.2 -17.1 

d 0.9 0.2 - 1.7 0.6 -0.3 -1.2 -0.8 -0.9 -0.1 -2.5 - 3.0 - 6.7 

Bjørnøya T - 7.2 - 6.6 - 5.6 - 5.0 -I.I 0.3 3.2 4.0 2.5 -1.7 - 4.0 -11.6 

d 0.2 0.5 2.0 0.3 0.4 -1.7 -I. I -0.4 -0.3 -1.6 - 1.0 - 6.0 

11 
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The tabulated mean temperatures show that late winter and early spring 
were generally somewhat milder than normal. The only marked exception 
from this tendency is the cool month of March on Hopen. The average summer 
temperatures were dose to normal at Isfjord Radio, while they were somewhat 
below normal at the two other stations. The end of the year was cold at all 
three stations, especially the month of December, with mean temperatures 
6° to 7°C lower than the long-term average. Since regular observations started 
at these stations, a lower December mean has never been recorded at Bjørnøya 
(i.e. since 1920), only once at Isfjord Radio (since 1934), and twice at Hopen 
(since 1945). The annua! amount of precipitation at Isfjord Radio, 332 mm, 
was somewhat below normal. Nearly 20% of this precipitation occurred during 
the above mentioned 12 "low-pressure days" in the beginning of November, 
a large part of it falling as rain. The month of December, on the other hand, 
was here not only the coldest, but also the driest one, with only 2 mm. 
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Abstract 

Information on sea ice conditions from U.S. weather satellites has been reviewed for the 

period 1966-1975. Extreme distributions as well as drift patterns based on movement5 of giant 

floes, and sea ice conditions in 1975 compared to the ten year average are discussed. 

Introduction 
In the last ten years since 1966, U.S. weather satellites have effected infor

mation on sea ice distribution, thereby immensly increasing our previous 
relatively sparse knowledge on this subject. The survey below is mainly based 
on the satellite images recorded at the Norwegian Meteorological Institute 
from 1968 on, and on the ice charts published twice \\<eekly by this institution 
since 1970. Information from the English Monthly lee Charts has been used, 
as well as all other available data from aircraft, ships, and Arctic land stations. 
For the period 1968-70, the ice borders were depicted at Norsk Polar
institutt. 

General outline of the sea ice distribution 

The main characteristic feature of the sea ice distribution in the European 
sector is caused by the prevailing warm and cold sea currents in the area. In 
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west, the cold East-Greenland Current is passing southwards between Green
land and the northwards directed warm current from the Norwegian Sea. 
These two currents form the Jan Mayen Gyro which is more or less pro
nouncedly reflected in the sea ice distribution at these latitudc:s in the cold 
season. In the winter, th"'. warm West Spitsbergen Current creates the northern
most area of opeD water in the Arctic. 

In the eastern part of the Svalbard archipelago there is a predominam cold 
southwest-bound current, extending to Bjørnøya in the south, with a branch 
passing northwards along the western coast of Spitsbergen. At the southern 
border of the cold water passing over the relatively shallow shelf, the ice 
cover, during the cold season, is to a large extent governed by interaction with 
the warm current passing from the Norwegian Sea into the Barents Sea. 

The distribution of concentrations higher than 3/8 

In Fig. 1 the enveloping curves are given for maximum and minimum 
extension of sea ice concentrations higher than 3/8 for the first nine years of the 
ten-year period considered. lee borders for 1975 are also given (for later dis
cussion of this particular year), and the above mentioned envelopes including 
all ten years may be extended by the reader. All borders and envelopes refer 
to the end of each month. 

Because of the large variations in the sea ice distribution observed from year 
to year, it is assumed that an ordinary mean ice edge may be somewhat 
artificial in many areas, and, moreover, difficult to define. We have therefore 
chosen to give the so-called median border which is defined as the line south 
of which sea ice concentrations higher than 3/8 are found in less than 50% of 
the observations made during the ten-year period considered. 

The limiting concentration mentioned (3/8) is considered because com
parisons between satellite imageries and surface observations have revealed 
that lesser concentrations are not always registered by weather satellites. 
This seems to depend upon the pattern of sea ice concentrations, whether it 
consists of long stripes, which may not be visible, or is more arbitrarily 
distributed, which may be observed in concentrations as small as 1 /8. 

However, for navigation through sea ice concentrations less than 3/8, ice
strengthened vessels are generally not necessary, and occurrence of smaller 
concentrations, therefore, is of little importance in this respect. 

The main impression from Fig. I is the broad range within which the sea 
ice is observed during the ten-year period. This is assumed to be mainly due to 
changes in the atmospheric circulation combined with the variation of heat 
transported by the sea currents during the same period (DrcKSON et al. ( 197 5)). 
The improvement of the sea ice conditions north of Iceland since 1968, for 
instance, is accompanied by a change from a positive (7.3 mb in May 1968) 
to a negative ( -7.2 mb in May 1971) deviation from the monthly mean air 
pressure at Reykjavik (Die Grosswetterlagen Europas). An intensification of the 
Icelandic Low will in turn set up stronger south-easterly winds in the area north 
of Iceland and influence the sea ice distribution as well as the sea currcnt'>. 
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Some marked features in the sea ice distribution may be observed from 
month to month. The Jan Mayen Gyro, for instance, is very clearly visualized 
in the cold season and most markedly at the end of March. The figures suggest 
a tendency of the Gyro to move towards south-south-west during the first 
months of the year. The special distribution of the sea ice north of Jan Mayen 
was first observed when sealing started, around 1850, and the names Odden 
and Nordbukta (Fig. 2) have becn applicd since then. 

As early as at the end of �farch, there is a polynia south of Frans Josef 
Land. \Vhcn the disintegration in the northern part of the Barents Sea occurs 
during the warmer scason, this polynia gradually becomes more extensive and 
together with the disintegration going on at this longitude at the southern 
border of the ice, the area south of the archipelago is among the first to open 
up completely in the spring. It is also seen that the melting around the islan<ls 
extends westwards and the melting north of Svalbard exten.ds eastwards. In 
June, July, and August this may result in a large isolated sea ice area in the 
eastern part of the Svalbard archipelago. Moreover, this may indicate that 
the exchange of ice with the Arctic Ocean through the passage between 
Svalbard and Frans Josef Land is insignificant during the warmer season. 
The evolution of the disintegration in the eastern part of the Svalbard archi
pelago may also be governed by predominant surface drift patterns in this 
area. Measurements with self-positioning Nimbus-G buoys revealed that they 
were circulating in this area for rather a long time in August 1975 (VINJE 
(1976)). 

As seen above, satellite observations show that large-scale disintegration of 
ice may go on relatively far north of the most southern ice border. This suggests 
that previous ship observations may possibly have given a wrong impression 
of the sea ice distribution in areas with a complicated disintegration pattern, 
such as in the Svalbard and Frans Josef Land archipelagoes. 

Extreme distribution of sea ice 

Fig. 2 shows the distribution of sea ice for some extreme conditions. In 
April 1966 the amount of ice in the Barents Sea reached a maximum. Two 
years later, in April 1968, a maximum was observed around Iceland. It is 
noted that a maximum in the western region is not accompanied by a maxi
mum in the eastern region or vice versa. This may have something to do with 
the predominant dimensions as well as the positions of the atmospheric circu
lation systems. If, therefore, the position of the ice edge is used as a climatic 
index, the conditions over a larger area should be considered. 

Fig. I (on pages 162-165). Sea ice conditions at the end oJ each month of the year. 

--- : enveloping curves indicating the most northern or southern extension of sea ice concentrations 

above 3/Bfor 1966-74, 
- · - : 1975 ice border, 

-•-- : median border south of which sea ice (concentrations above 3/8) is observed in less than 50 per 

cent of the cases in the ten-year period 1966-75. 
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Fig. I. 
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Fig. I (contd). 
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Fig. l (contd). 
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Fig. I (contd). 
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Odden and Nordbukta were extraordinarily well developed in the beginning 
of April 1970. Later in the year, Odden was parted from the rest of the ice and 
disintegrated as an isolated ice field. Witn the indicated circulation in 
the Jan Mayen area, the sea ice is found very dose to the northern coast of 
Iceland. It is seen that Svalbardbukta and Bjørnøyodden at the same time 
are extremely well pronounced which is also the case with the northwards 
extending ice free area in the eastern Barents Sea. It may be noted that the 
positions of the ice border southwest and south of Svalbard are very near the 
same for the three extreme conditions referred to in Fig. 2. 

In order to compare sea ice conditions in the Jan Mayen area with previous 
observations, copies of ship journals for April-May for the period 1853-1875 
have been examined . .  Mr. N. ØRITSLAND at Havforskningsinstituttet, Bergen, 
kindly provided information from the area for the years 1953 to 1965. 
Together with the satellite observations we are thus in possession of sea ice 
observations for two periods of equal lengths, a hundred years apart. Con
sidering both periods, we find that the extreme eastward and westward 
extension of Odden was observed in April 1854 and 1957, respectively. It 
is noticed that the most westerly position during the first period was observed 
one year after the extreme eastward extension, in 1855. For the last period, 
we note the extreme development of the sea ice distribution in 1970. 
It is also remarked that the special indication of the Jan Mayen Gyro as 
observed in spring 1970, was not observed during the rest of any of the two 
periods and this special sea ice distribution, therefore, seems to be rather rare. 
It is noted that the main axis of Odden is oriented parallel to the Mid-Atlantic 
Ridge. 

Fig. 2. Extreme sea ice distributions. 

- · - : I 0-20 April 1966, 

: 10-20 April 1968, 

--- : I-JO April 1970, 

: ship observations made in April 1854, 1855, and 1957. 
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Fig. 3. Observations showing sudden and extensive variations in sea ice conditions north of Svalbard. 

: 21-23 November 1972, 

: 16 December 1972, 

- · - : 4 January 1973. 

In Fig. 3 is shown a variation in the northward extension of Svalbardbukta 
which seems to have occurred relatively suddenly in December 1972. The 
very extensive area of open water as illustrated on 16 December by the micro
wave image (ESMR) of Nimbus-5 (GLOERSEN et al. (1974)), was between 
4 and 28 December indicated as apen drift ice on the ordinary weather 
satellite images. The discrepancy in concentration is probably due to an assum
ed intense formation of frost smake over the open water. 

Due to the extraordinary high heat loss from an ice free ocean at high 

latitudes, an opening-up in the scale reported should totally change the heat 
budget and should be expected to have a pronounced effect over still larger 
areas. The considerable variation in the sea ice extension at this time of the 
year at these latitudes may indicate large-scale oceanographic variations and 
a possible change in the specific weight of the cold and warm water masses, 
causing the warm water to submerge at higher latitudes. In November 1974 
fishing boats reached 82.5°N without encountering serious ice conditions 
(pers. comm. J. ANGARD). The formation of open water during the cold season 
may not be a rare phenomenon, therefore. 

lee drift observations 

During April and May the minimal cloud cover enables us to trace giant 
floes over periods long enough to make fairly reliable estimates of the drift 
speed of the sea ice (VINJE (1968-1973)). In Fig. 4 these observations have 
been collected for a review. The figure indicates the well known increase in 
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speed as the drift ice leaves the Polar Ocean, from 6-12 cm sec-1 at 80-
81 "N, with an average of about 8 cm sec-1, to 6-37 cm scc-1 at 76-79°N, 
with an average of about 17 cm sec-1. The highest velocities are observcd ncar 
the continental slope with a maximum of 37 cm sec-1. This spacia1 variation 
of observed drift vclocities are in fair accordance with the dynamical calcula
tions and obscrvations of the sea current given by KnLERICH ( 1945). Ho',\\?ver, 
all current speeds given by KnLERICH are gen.:rc:lly considerably higter than 
the ice drift speeds obtained from satdlite imagcs during the spriri_g months. 

Drift speed values for the area dose to Jan T\1ayen given in Fig. 4, are based 
on ob�ervations from a sealer beset by drift ice for 22 days in April 1969. 
The great variations observed hcre were dosely connected with variations in 
wind speed and direction (VINJE ( 1970)). 

In the Svalbard areu. and in the Barents Sea the number of drift speed 
observations obtained is relatively small. This is assumedly due to the facts 
that there «re fewer giant floes in this area and that the formation of leads 
are not generally observed to the same degree as in the East-Greenland 
Current where there is a prevailing meridional divergence in the ice field. 
(From observations in spring 1968, VINJE ( 1970) calculated a divergence of 
10-7 sec-1 which might indicate an opening-up of as much as 20 per cent of a 
given area during one month.) 

Numerous estimates have been given of the ice transport through the Fram 
Strait, see e.g. TIMOFEYEV ( 1 958), nearly all dose to 0.1 Sv. ( 1 Sverdrup = 

106m3s-1). For the ten-year period considered here it can be seen from Fig. 1 
that the width of the ice flow, across the most narrow part of the strait, varies 
between 100 and 350 km in July and August. For the rest of the year this dis-

Drift velocity 

0 10 20 30 40 

cm sec-1 

Fig. 4. lee drifc observations collected in April and May, mainly from drift of giant floes as observed from 

weather satellites (VINJE (1968-73)). Length of arrøw indicates velocity according 

to scale given to the right. 
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tance varies between 250 and 500 km. If the ice drift speed in the Fram 
Strait is bctween 6 and 12 cm sec-1 as estimated from observations by weather 
satellites, and the average foickness of the ice is 3 m, the estimated export for 
July and August lies betwcen 0.017 and 0.122 Sv. For fae rest of the year it 
rnay vary between 0.044 and 0.140 Sv. 

From automatic Nimbns-6 buoys placed on ic floes, the average drift 
speed betwcen 81 and 80°N was measured to be as high as 24 cm sec-1 in 
the central area of the Fram Strait in April 1976. This indicates a 100 per 
cent incrcasc of the maximum values given above and supports the impression 
that there may be considerable variation in the ice export from the Arctic 
Ocean. According to AAGAARD ( 1975) this export of ice represents the sccond 
highest term in the heat budget equation for the Arctic Ocean, if the estimate 
is 0.1 Sv as an annua! average. The indicated variability, therefore, becomes of 
great importance m connection with heat budget calculations for shorter 
periods. 

Sea ice conditions in 1975 

The ice border at the end of each month is given in Fig. 1. The figure is self
explanatory as to the variation in ice conditions throughout the year and I 
will just mention below some of the most marked features. 

At the end of January an effect of the Jan Mayen Gyro is indicated, this in 
spite of the relatively small amount of ice in the Greenland and Icelandic Seas. 
It is rroted that the Odden and the Nordbukta are completely lacking at the end 
of February and March and that this coincides with an extremely northerly 
position of the ice border northwest of Iceland. 

At the end of February the Bjørnøyodden has a maximum southerly exten
sion, and from this time throughout May the ice border west of Novaja Zemlja 
is dose to, or at its northern extreme position for the ten-year period con
sidered. The Nordostodden (at 75°N and 37°E) is seen to be well marked at 
the end of February and March. 

At the end of J une there is an exceptionally large opening north-west of Frans 
Josef Land, in contrast to what is the usual position of this polynia, to the south of 
the archipelago. At the same time the Bjørnøyodden showsa maximum extension 

southwards. This indicates a relativcly intense circulation in the Barents Sea Low 
whicl1 is in accordance with a deviation from the mean monthly air pressure in 
the central area of -2. 7 mb. (Die GrosswetterlagenEuropas). The relatively poor ice 
conditions south of Frans Josef Land is seen to exist from the end ofJuly through
out September when the mentioned deviation became markedly positive, +3.2 
mb. In the castcrn part of the Svalbard archipelago there is an enclave of sea ice 
from the end of J uly to the end of September. As previously mcntioned this may 
be due to a local circulation of the surface drift in this area (VINJE ( 1976)). 

The refreezing during the first part of the cold season seems to proceed 
normally, but with a greater amount of ice in the Barents Sea and along the 
west coast of Spitsbergen than is usually found at the end of the year. The 
Bjørnøyodden is seen to be dose to, or at its most southerly position in the ten
year period. In the East-Greenland Sea the effect of the Jan Mayen Gyro on 
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the sea ice distribution at the end of December is relatively well indicated for 
that time of the year, and it is again noted that there is a maximum southerly 
position of the ice border in the Icelandic Sea. 

Final remarks 

The main impression when considering a series of sea ice observations is the 
great variability in the position of the ice edge which may occur even over very 
short periods. This indicates that long series of observations are necessary 
when changes in the ice border are to be used as index for climatic changes. 

The satellite observations also show that large-scale disintegration of the ice 
may go on relatively far north of the most southern border. This suggests that 
when considering small areas, care should be taken when ship observations 
from earlier days are compared with observations from satellites. This is 
particularly the case where the disintegration pattern is complicated, as in the 
Svalbard and Frans Josef Land archipelagoes. 

There are several indications in the material considered here that a northerly 

(southerly) position of the sea ice border in the Icelandic Sea coincides with the 

absence (clear developement) of the fea tures called Odden and Nordbukta. The 
absence of these features may be achieved if the Icelandic Low is relatively 
intense; the presence, however, is dependent upon a relatively weak air 
pressure gradient as well as a developed oceanic circulation. Together with 
the indication that a movement of the gyro towards south-south-west may 
take place during the first months of the year, this suggests that determination 
of the intensity and the change in position of the Jan Mayen Gyro could give 
prognostic indications for the ice conditions north of Iceland under conditions 
with a relatively weak air pressure gradient. 
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Abstract 

Monthly sums of radiation components for land and open sea in Spitsbergen for 1975 are 

considered. 

Introduction 

Continuous radiation measurements were started in Ny-Ålesund (78°55'N, 
11°56'E) in the beginning of 1974 with the purpose of learning more about the 
local climate and particularly, of studying the heat budget of the extensive 
area of open water which may be found at these high latitudes all year round. 
To avoid impurities on the glass and polyethylene domes, all instruments are 
artificially ventilated. Part of the ventilation system which very effectively 
keeps the dames clean, may be seen on Figs. I and 2. A description of the instru
ments and the calibration methods are given by VINJE (1976). 

Results 

The monthly sums of same of the radiation components are given in Table 1, 
together with the albedo of the tundra. 

The annual sum of the global radiation (G) is seen to be about 54 000 ly. 
This is about 5.5 % less than the quantity measured in 1974 and 1 % higher 
than the ten-years average measured at the neighbouring station, Isfjord Radio, 
from 1951 to 1960 (SPINNANGR ( 1968)). It is of interest to note that the annual 
sum of the global radiation measured at these northern latitudes amounts to 
only about 50-60% of that measured at 70°S, e.g. VINJE (1964). 

The low albedo (a) observed in February, March, and April 1975 is due to 
wind transport of a relatively sparse precipitation. The surface became totally 
snow-free on 1 7 J une. The albedo then relatively suddenly decreased to 0.10. 
In the course of the summer it increased to 0.14 due to the effect of the changing 
of colours of the tundra vegetation. 
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Fig. 2. The albedometer and bal
ance meter as mounted over the tun
dra. The plastic tubes are for ven-

tilation. 

TORGNY E. VINJE 

Fig. 3. The diurnal variation of the 
global radiation ( G), the radiation 
balance of the land surface (BL), and 
the radiative temperature of the sur
face ( To) for the first ten-day period, 
18-28 June, after snow melt in 1975. 

-+ 

Fig. 1. Radiation instruments mounted 
on the roof ef the research station in Ny
Alesund. In the foreground a pyrano
meter for registration of diffuse sky 
radiation, then a pyranometer for regis
tration of radiation from sun and sky 
(global radiation). In the background 
a shielded balance meter. The plastic 
tubes are part ef the ventilation system. 
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The atmospheric counter-radiation (A) in 1975 was 6.7% less than in 1974. 
This is mainly due to a deficit during the dark season. 

The radiation balance of the land surface (BL) for 1975 amounts to only 45 %1 
of that observed in 1974. This great difference may mainly be due to a 2 700 ly 
higher global radiation in 1974. Table I shows that the net radiation of a land 
surface (BL), on an annual basis, is markedly higher than that of a sea surface 
of occ. A sea temperature increase of 5°C would cause an increase in the radia
tion loss which amounts to about 1500 ly month-1• As a sea water temperature 
of 5°C is often measured in the area considered, at least in the summer and 
autumn months, it is seen that the actual annual net radiation of an open water 
area may well become negative at these latitudes. The values of this yuantity 
given in Table 1 are therefore to be considered as maximum values. 

In Fig. 3 are given the average hourly values of the global radiation, the net 
radiation, and the radiation temperature of the tundra for the period 18 -28 
June. As mentioned above, the snow had disappeared from the tundra on 
17 June. The figure indicates that during the very short "spring" the average 
maximum surface temperature incrcases frem 0°C to about 8°C over a period 
of a week or so. 
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Abstract 

Observations of birds and mammals in Svalbard were collected from 25 expeditions and 
persons during 1975. Efforts were made to obtain quantitative information on some common 
species, as muskox ( Ovibos moschatus), long-tailed duck ( Clangula hyemalis), eider (Somateria 

mollissima), king eider ( Somateria spectabilis), pink-footed goose (Anser fabalis brachyrf':,ynchus), 

and barnacle goose (Branta leucopsis). Most observations are from the west coast of Spitsbergen, 
but some are from the northern part of Spitsbergen, Hopen, and Tusenøyane. The majority 
of ob�ervations were made between J une and August. 

AHHOTa111111 

I1m1y<JeHbl MaTep11aJibl Ha6JIJO)J,8Hllll Hag IITllllaMJI Il MJieHOill!Ta!OIQIIMII, rrpOB8!1;8HHh!X Ha 

CBaJih6apge 25 8Hcrregn11n11M11 n JillllaMH B 197 5 r., rJiaBHbIM o6pasoM B rrepno;i, HJOIIb -

aBrycT. ITocTapaJIHCb ;:i;ocTaTb HOJIII'l8CTB811Hbl8 CB8!1;8HHH ITO HeHOTOpb!M o6IQHM Bll)J;a�I, 
1rnH OBI186hrnaM ( Ovibos moschatus), MOpmmaM ( Clangula hyemalis), o6bIHHOB8IIHhTM raraM 

(Somateria mollissima), raraM-rpe6enynmaM (Somateria spectabilis), HOpOTKOHJIJOBbIM ryMennn

HaM (Anser fabalis brachyrhynchus) H oe.:I01Q8HHM Haaap1;aM (Branta leucopsis). Bo.:Ib llll!HCTBO 

Ha6JI10gen11i1 rrponeJIOCb na sarragHOM 6epery Illrrn116epre11a, HO neHOTOpbre na m1x - B 

ceBepHoil 'JaCTH Illrr11116eprena, na o-Be Hopen (Hagem;i:br) H apxnrreJiare Tusenøyane (Tr,1cH<Ja 

OCTpOBOB). 

Introduction 

Norsk Polarinstitutt's questionnaire on the fauna of Svalbard was distri
buted to most Norwegian and foreign expeditions visiting the archipelago in 
1975. Observations were made mainly along the west coast of Spitsbergen, 
particularly in the Isfjorden area and in Nordenskiold Land. Other obser
vations are from Tusenøyane, Hopen, and the northern part of Spitsbergen. 
Quantitative data have been obtained on some species. Observations on 
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reindecr (Rangifer tarandus platyrhynchus) are not published here, since quanti
tative information on this specics is obtained through the MAB programme, and 
will be published separately. I am grateful to the following persons and groups 
for their contribution of data and information: F. BERNTSEN (FB) from Wijde
fjorden, S. A. BACKSTRØM (SAB) from Krosstjorden, L. CHRISTIANSEN (LC) 
from the Isfjorden area, A. M. van DIJK, T. 1\1. van SPANJE, B. EBBINGE, and 
D. EBBINGE (D/S/E) from all islands between Reiniusøyana and St. Hanshol
mane, ]. P. DrTTAMI (JPD) from the west coast of Nordenskiold Land, B. 
EBBINGE and D. EBBINGE (B&DE) from the coast of Nordenskiold Land 
between Kapp Linne and Kaldbukta, H. J. EDEL r.HJE) from Bjørnøya, 
D. ELGVIN (DE) from northwest Spitsbergen, S. HALVORSEN (SH) from 
Nordenskiold Land, J. HALVORSRUD (JH) from northwest Spitsbergen, Hopen 
Radio (Hop.rad) from Hopen, L. H. jENNEBORG (LHJ) from Liefdefjorden, 
K. KAsTNES ( KK) from Adventdalen, Reinsdyrflya, and Berzeliusdalen, 
I. KRISTENSEN (IK) from the Isfjorden area, F. MULLER and J. THOMASSEN 
(M/T) from the west coast of Spitsbergen and Daudmannsodden, F. NYGÅRD 
and L.NYGARD (F&LN) from the Kapp Martin area, C.A.G. PICKTON (CAGP) 
from the west coast of Spitsbergen, P. PRESTRUD (PP) from Prins Karls Forland, 
the Ny-Ålesund area, and northwest Spitsbergen, 0. SALVIGSEN (OS) from the 
inner part of van Mijenfjorden, E. SENDSTAD (ES) from the Ny-Ålesund area, 
SEVMORGEO, Leningrad (SEV), from northern Spitsbergen, H. STORMYR (HS) 
from Adventdalen and Grumantbyen, G. YTRELAND (GY) from Tusenøyane, 
and R. AABAKKEN (RAA) from Nordenskiold Land, Prins Karls Forland, 
Moffen, and Wijdefjorden. 

Most information has been given on the questionnaires, but data have also 
been obtained from typewritten reports (D1TTAMI 1975, PRESTRUD 1975, and 
THOMASSEN 1975) . Most observations were made in June, July, and August. 

Mammals 

:M u s k o x ( Ovibos moschatus) : Sec Tab le 1. 

P o 1 a r b e a r ( Ursus maritimuJ) : One adult was seen at Bangenhuken 
3 June (RAA) and four individuals at Øyrlandet in early July (CAGP) . 
Polar bears were frequenting the west coast of Spitsbergen during winter, but 
quantitative information has not been obtained. 

C o  m m  o n  s e a  1 (Phoca vitulina): One animal was seen at Kaldneset 
19 July (PP). 50 to 60 animals were seen on the shore at Horneflya 3 August 
(PP). 

W a 1 r u s ( Odobenus rosmarus) : One animal was se en in Forlandssundet 
10 June (RAA) . At least 53 ad ult animals were counted on Moffen 12 July 
(RAA). One animal was seen off Kapp Gurnerd 19 August. 

Birds 

G r e a t  n o r t h  e r  n d i v  e r  (Gavia immer): At least three adults were 
seen in Gravsjøen throughout June, July and August (JPD) . One adult was 
seen at Store Andøya 3 August (JH). 
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Table I 
Observations of muskox (Ovibos moschatus) in Svalbard in 1975 
Ha6.'!10;:i:emrn om1e6u1rnn (Ovibos moschatus) Ha CBa.i:h6ap11;e B 1975 r. 

Locality/date 
'.IecTHOf:Th/;:i:aTa 

Nordcnskiolddalen, 6/7 
Damesmorena, 6/7 
Adventdalen, 13/7 
Grumantbyen, 15/7 
Blåhuken, medioJuly 
Adventdalen/Miilardalen, 
19/7 
Reindalen, at "Pluto-

Number 
qHC.!IO 

6 ad., 1 juv . 
1 ad. 
5 ad. 
4 ad., I juv. 
4 ad. 

8 ad. 

hytta'', 28/7 5 ad" I juv. 
De Geerdalen, 13/8 5 ad., 2 JUV. 

Observer/remarks 
HaGmo;:i:aTeJih/rrpnMeqamrn 

os 
os 
HS 
HS 
M/T 

HS 

B&DE 
SH 
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Fuglefjella, late September 8 ind. RAA. Animals found dead under cliff, four 
taken by avalanche. 

Pilarberget, 16/8. 9 ad. B&DE 

Table 2 
Observations of long-tailed duck (Clan gula hyemalis) in Svalbard in 1975 

Ha6JIIO):l8HHH MOpHHOH (Clangula hyemalis) Ha CBaJih6ap11;e B 1975 r. 

Locality/date 
MecTHOCTh/i'\aTa 

Kapp Martin/Diaba5pt. 
10- 1 1/7 
Sveagruva, 18/7 
Aitkenodden, 18/7 
Kaldneset, 19/7 
Flosjøen, 2 1  /7 
Daudmannsodden, .J uly / 
August 
West coast of Nordemkiold 
Land, .J une, J uly & August 
Daudmannsodden, 24/8 
and 27/8 

Num ber 
qHCJIO 

19 ad. 
1 ad . 
5 ad. 
2 ad. 
58 ad. 

40-50 ad. 

80 ad. 

Observer/remarks 
Ha6mo11;aTeJih/rrpnMe'!aHnH 

B&DE 
M/T 
PP 
PP 
B&DE 

M/T. Observed daily 

JPD. Common. 140 birds observed at Osodden. 

M/T 

M a 11 a r d  (Anas platyrhynchos): One adult female was seen in Oddvatnet 
several times in late July (JPD) . 

T e a I (Anas crecca): Three adult birds were seen m Fyrsjøen 27 June 
(B&DE) . 

L o n g  - t a  i 1 e d  d u  c k (Clangula hyemalis): See Table 2. 

C o  m m  o n  s c o t e  r (Melanitta nigra): Four birds were seen at Camp 
l\forton in Berzeliusdalen 7 October (KK). 

E i d e r (Somateria mollissima): See Table 3. 

K i n g  e i d e r  (Somateria spectabilis): See Table 4. 



182 THOR LARSEN 

Table 3 
Observations of large flocks of eiders (Somateria mollissima) in Svalbard in 1975. 

Flocks of less than 50 birds not listed. 
Ha6moµ;emrn KpynHbIX CTati rar (Somateria mollissima) Ha CBaJib6ap11:e B 1975 r. He BKmoqeHbI 

B CITIICOK CTalI' HaC'IlITh!IlaIOI111I8 Mel!h!H8 50 oco6eti. 

Locality/date 
MecTHOCTh/µ;aTa 

Ny-Ålesund - Kongsvegen, 22/7 
Lernerøyane, 24/7 
Liefdefjorden we5t, 23/7-11/8 
Inner Bockfjorden, 30/7 
Lomfjorden, 30/7-10/8 
Reinsdyrflya southwest, 3/8 
Kapp Martin, 4/8 
All islands between Reiniusøyane 
and St. Hansholmane, 4-5/8 
Reinsdyrflya north, 20/8 
Daudmannsøyra, J uly /August 

Number 
l{11CJIO 

146 ad., 136 pull. 
30 ad., 60 pull. 
120 ad" 100 pull. 
60 ad" 1 7 pull. 
14 ad" 42 pull. 
50 ad" 100 pull. 
188 ad" 34 pull. 

791 nests 
100 ad" 160 juv. 

Table 4 

Observer/remarks 
Ha6Jiro):laTeJih/np.rrMeqaHHH 

ES 
JH 
JH 
JH 
SEV 
JH 
B&DE 

D/S/E 
KK 
M/T. Several thousand along the 
coast 

Observations of king eiders (Somateria spectabilis) in Svalbard in 1975 
Ha6JirogeHHH rar-rpe6eHyIHeK (Somateria spectabilis) Ha CBaJih6ap11:e B 1975 r. 

Locality /date Num ber Observer/remarks 
MecTHOCTb/gaTa 'llICJIO Ha6JirogaTeJib/np.rrMeqaHHH 

Kapp Martin-Diabaspt" 10-11/7 28 ad. B&DE 
Slettenesvatnet, 12/7 I l  ad. B&DE 
Kapp Martin, 16/7 300 ad. M/T 
Pricepynten, 1617 7 ad. PP. 5 males and 2 females 
Kapp Martin, 22/7 20 ad. B&DE 
West coa.;t of Nordenskiold Land, 
17-29 July 6 nests JPD 
Båtodden, 8/8 250 ad. JPD 

P i n k  - f o o t e  d g o o s e  (Anser fabalis brachyrhynchus): See Table 5. 

B r e n t  g o o s e  (Branta bernicla hrota): Two adults were seen on Forlands
sletta 19 J uly (PP) and eight adults and two young on Daudmannsøyra 1 7 
August ( M/T) . 

B a r n a  c 1 e g o o s e  (Branta leucopsis): See Table 6. 

B e  w i c k' s s w a n  (Cygnus bewickii): One adult was seen at Gaffelbekkane 
3 1  J uly. Photo was tak en (JPD) . 

R i n g e  d p 1 o v e r  (Charadrius hiaticula): One nesting pair was seen on 
Gravodden, Bjørnøya 23 July (HJE) . Probably six different birds were seen 
in Adventdalen between 26 July and 2 August (KK). Six birds were seen 
in Ny-Ålesund 13 July and four on Kaldneset 19 July (KK) .  One pair was 
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Table 5 
Observations of pink-footed goose (Anser fabalis brachyrhynchus) 

in Svalbard in 19 7 5 
Ha6:no):l8HIIFI 1wpoTHOHJIIOBhlX Q'M81!11HHOB (Anser fabalis brachyrhynchus) na CsaJih6api:1e 

B 19/5 r. 

Loe ali ty /date 
MecTnocTh/AaTa 

Båtodden, 28/6-4/7 

Kapp Martin, 8/7 

Fuglehuken, 15/7 

Kapp Martin-Diabaspt" 10- 1 1/7 

Kapp Martin, 17/7 

Kaldneset, 19/7 

West Forlandssletta, 19/7 

Kapp Martin-van Muydenbukta, 
20-21/7 

Fuglehuken, 24/7 

Barentsfjellet, 24/7 

Roosneset, 30/7 

Sjøvernbukta, 818 

Sørdalsbukta, 8/8 

West coast of Nordenskiold Land, 
mid-August 
North Reinsdyrflya, 20/8 

Daudmannsøyra, 21 /8 

South Reinsdyrflya, 2 1  /8 

Reinsdyrflya, cmssing, 24./8 

Berzeliusdalen, "Camp Morton'', 
4/9 

Berzeliusdalen, bottom, 5/9 

Reindalen and Berzeliusdalen, 
26/9 

Num ber 
l.J:HCJIO 

14 ad. 
14 ad. 
15 ad. 
3 1  ad. 
3 ad. 
27 ad. 26 juv. 
40-60 ad. 

0 bserver / remarks 
Ha6JIIOAaTeJih/rrpnMe'!amrn 

B&DE 
B&DE 
M/T. 15 were moulting 
B&DE 
B&DE 
PP 
PP 

80 ad. 7 pull. B & DE 
32-37 ad" 10 juv. PP 
50-60 ad" 40-50 juv. PP 
45 ad. JH. Birds were moulting 
15 ad. JH 
150 ad. DE 

32 nests JPD 
128 ind. KK 
1 10 ad. M/T 
38 ind. KK 
ca. 530 ind. KK 

69 ind. KK 
310 ind. -t- KK 

70 ind. RAA. Observed from plane 

seen at Oddvatnet 3 to 19 August (JPD) . Single observations were made in 
Longyearbyen 12July and 29July, on Sarstangen 15July and on Daudmanns
øyra 24 August (M/T). 

T u r n s t o n e  (Arenaria interpres) : See ·_ able 7. 

W h i  m b r e  1 (Numenius phaeopus) : One bird was seen at Longyearbyen 
11 J uly (M/T). 

B a r  - t a  i 1 e d g o d w i t (Limosa lapponica): One juvenile was seen on 
Daudmannsøyra between 23 and 28 August (M/T). 

K n o t  (Calidris canutus): The species was observed daily on Daudmannsøyra 
from 19 August until 28 August. On 24 August, 22 migrating birds were seen 
(M/T). 

L i t t  1 e s t i n t  (Calidris minuta) : Three birds were seen at Longyearbyen 
29 J uly (M/T). 
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Tablc 6 
Observations of Barnacle goose (Branta leucopsis) in Svalbard in 1975 

Ila6mo;i;cH1rn 6eJI0111e1rnx 1;a8apo1; (Branta leuco/Jsis) Ha CBaJih6ap;i:e B 1975 r. 

Locality/date 
:\IeCTllOCTh/;i:aTa 

Båtodden, 28/6-4/7 
Sveagruva, 1/7 
Kapp Martin, 16/7 
F orlandssletta, 19 /7 
Vårsolbukta-Kapp Martin, 
20-21 /7 

Reindalen, "Plutohytta", 28/7 
·west coast of Nordenskiiild 
Land, 31/7 

Kapp Martin-Kapp Bjørset, 
19/7-27/8 
All islands between Reiniusøyane 
and St. Hansholmane, 4-5/8 
Daudmannsøyra, 8-13/8 
Båtodden, 10/8 
Smeerenburg, 11 /8 
Kobbefjorden, 18/8 
West Danskøya, 18/8 
Worsleyhamna, 22/8 
Tordenskioldbukta, 28/8 

Number 
LJ:nc.io 

30 ad. 
10 ad. 
30 ad. 
15-20 ind. 

385 ad., 156 pull. 

8 ad., 6 pull. 

764 ad. 

300-400 ind. 

182 nests 
about 100 ind. 
5 nests 
17 ad. 
16-21 ad., 7 juv. 
16 ad. 
2 ad. 
about 250 ind. 

Table 7 

Observer/remarks 
Il a6mo):laTeJih/n pnMe'JaHHH 

B&DE 
os 
M/T 
PP 

B & DE. Average 2.6 gosling5 per 
pair 
B&DE 

JPD. Av. egg clutch size 3.3 (12 
nests), av. family size 2.8 goslings ( 14 
families) 

F & LN. Also 2 albino juv. 

D/S/E 
M/T 
B&DE 
PP 
PP 
PP 
KK 
M/T 

0 bservations of turnstone ( Arenaria in terpres) in Svalbard in 19 7 5 
Ha6mo):leHHH HaMHeIIIapoH (Arenaria interpres) Ha CBaJih6ap;:\e B 1975 r. 

Locality/date Number Observer/remarks 
MecTHOCTh/p;aTa LJ:HCJIO Ha6mop;aTeJih/rrp11Meqa1111H 

Avtjørna, Bjørnøya, 21 /7 2 ad. HJE 
Gravsjøen, June-July JPD. Seen occa5ionally 
Kapp Martin, 3/8 2 ad. B&DE 
Smeerenburg, 9/8 3 ad. PP 
Daudmannsøyra, 11-28/8 M/T. Three or more ind. seen daily. 32 

ind. on 25/8. 
Ny-Ålesund, 16/8 2 ad. PP 
Reinsdyrflya, 20/8 3 ad. KK 

D u n  1 i n  (Calidris alpina): One bird was seen at Kapp Martin 16 July and 
four on Daudmannsøyra 25 J uly ( M/T). Pro ba bly four different birds were seen 
in Adventdalen between 26 July and 2 August (KK). 

S a n d  e r  1 i n g (Crocethia alba) : One adult bird was seen at Båtodden 
2 July and one at Kapp Linne 13 August (B&DE). One adult was seen at 
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Fig. 1. The great skua (Catharacta skua) is occasionally observed in Svalbard. 
BoJihIIIOtt rroMopmm (Catharacta skua) Hape;iwa Ha6mop;aeTCJI Ha CBaJih6app;e. 

Photo: HELGE JACOBSEN 

Orustosen hetween 18 and 20 July (JPD), and another on Daudmannsøyra 
23 July (M/T). 

R e d  - n ec k e d  p h a  I a r  o p e (Phalaropus lobatus): One hird was seen 
at Ny-Ålesund 15 July (M/T). 

L o n g - t a i I e d s k u a ( Stercorarius longicaudatus) : Two hirds were seen 
at Daudmannsøyra 18 August (M/T). 

Gr e a t  s k u a  (Catharcta skua): Two adults were seen at Båtodden 28 
June (B&DE). Two adults were seen on Aherdeenflya 24 and 25 July, and 
three at Richardlaguna 3 August (PP). At Gravsjøen, up to three individual 
hirds were seen occasionally throughout June, July and August (JPD). Two 
hirds were seen on Daudmannsøyra 24 July. Another six single ohservations 
were made in late July and early August (M/T). 

S a h i n e' s g u 11 ( Xema sabini) : One adult hird was seen on Daudmanns
øyra 23 July and 1 August (M/T). One hird was seen in Liefdefjorden 26 
July (LHJ), and one in Kongsfjorden 24 August (PP). 

Sho r t  - e a r e  d o w l (Asio flammeus): Feathers from a dead hird were 
found in Marvågen 3 August (SH). 

S w i f t (Apus apus): One adult was seen at Fuglehuken 29 July (PP). 

S w a l l  o w (Hirundo rustica): Three adult hirds were seen at Hopen Radio 
12 May (Hop.rad). 
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H o  o d e  d c r o  w (Corvus cornix) : T\'VO adults were seen at Hopen Radio 
25 April (Hop.rad). 

B 1 a c k b  i r d ( Turdus merula): A dead female hird was found by Mr. BYE 
from Isfjord Radio (JPD). 
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Norsk Polarinstitutts virksomhet i 1975 

Av KAARE Z. LuNDQ,UIST 

Organisasjon og administrasjon 

PERSONALE 

Norsk Polarinstitutt hadde 34 faste stillinger i 1975, det samme som fore
gående år. ØRNULF LAURITZEN ble ansatt som forsker Ill (geolog) fra 1 /1. 
MAGNE GALÅEN fratrådte sin stilling som karttegner Il den 28/2. KIRSTEN 
DANIELSEN fratrådte sin stilling som kontorfullmektig Il den 30/4. PERjOHAN
SEN fratrådte sin stilling som kontorassistent fra 15/9. Ø1vIND MEHLUM ble 
ansatt som karttegner Il fra l /11. Direktør ToRE GJELSVIK er innvilget ett års 
permisjon (forskningsfriår) fordelt over tidsrommet 1975/77. I 1975 ble 
5 Yz måneder av permisjonen tatt i tiden 1/3 -31/5 og 15/10 -31/12. Under 
permisjonsfraværet har underdirektør KAARE Z. LuNDQ,UIST fungert som 
direktør. Laborant i særklasse KNUT V ABRÅTEN er innvilget permisjon uten 
lønn 1/1-31/12. Pr. 31/12 var en stilling som kontorassistent ubesatt. 

Midlertidig engasjerte: 

BREKKE, ANNEMOR, 

EDWARDS, MARG B" 
HusETH, RoLF EGIL, 
JØRGENSEN, MARIT, 
KNUDSEN, ELSA, 
LIEN, MAI-BRITT, 
MøLLER, joN ERIK, 

redaksjonssekretær 
Ph.D. (lønnet av NTNF på Barentshavprosjektet til 1/7) 
assistent 
kontorassistent (deltidsstilling) - fra 15/11 
kontorassistent 
tegner Il - til 15/7 
laborant I - fra 10 /2 

Stipend og forskningsbidrag er gitt til : 

Cand. mag. KARI PEDERSEN, stipend til dekning av utgifter til feltarbeid i 
forbindelse med hovedfagsoppgave i glasiologi. 

Cand. mag. KJELL REPP, stipend til dekning av utgifter i forbindelse med 
breundersøkelser ved Ny-Ålesund. 

Førstekonservator DAVID WoRSLEY, stipend til dekning av reiseutgifter til 
Bjørnøya for ham selv og en assistent. De foretok geologiske undersøkelser 
etter et program utarbeidet i samråd med Norsk Polarinstitutt. 
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Cand. mag. ØvsTEIN HAGA, stipend til dekning av reiseutgifter til Svalbard 
for ham selv og en assistent. De foretok kvartærgeologiske undersøkelser ved 
Sveagruva i forbindelse med hovedfagsoppgave i kvartærgeologi. 

Cand. real. A. DALLAND og hovedfagstudentene T. GJELLBERG, E. KALGRAFF 
og D. TøNsETH, stipend til dekning av utgifter i forbindelse med spesielle 
sedimentologiske undersøkelser mellom Isfjorden og Van Mijenfjorden. 

Cand. mag. NILS A. ØRITSLAND, stipend til dekning av lønnsutgifter til 
teknisk hjelp i forbindelse med et forskningsprosjekt om oljens virkning på 
pelsdyr, særlig sel. 

Cand. mag. ToRE RoLF LUND, stipend til dekning av utgifter til feltarbeid 
i forbindelse med hovedfagsoppgave i limnologi. 

Oppnevnelser og tillitsverv 

STEINE oppnevnt som medlem i Gruppe for geodesi i Den nasjonale komite 
for geodesi og geofysikk. 

VINJE oppnevnt som medlem i NTNF's faggruppe for datainnsamling. 

REGNSKAP FOR 1975 

Kap. 950. Poster: 
1 . Lønninger ...................................... . 
9. Deltagelse i Antarktisekspedisjon ................... . 

10. Kjøp av utstyr ................................... . 
15. Vedlikehold ..................................... . 
20. Ekspedisjoner til Svalbard og Jan Mayen ............ . 
2 1. Forskningsstasjonen på Svalbard ................... . 
29. Andre driftsutgifter ............................... . 

70. Stipend ......................................... . 

Bevilget: 

kr. 3. 197.000 

(( 130.000 

(( 40.000 

(( 4.000 

(( 1.876.000 

« 1. 100.000 

(( 1.200.000 

(( 50.000 

Medgått: 

kr. 3.32 1. 100 

(( 154. 700 

(( 38.400 

(( 3.300 

« 1.966.000 

« 929.400 

« 1. 195. 700 

« 49.000 

kr. 7.597.000 kr. 7.657.600 

Kap. 3 1. Fyr og radiofyr på Svalbard . . . . . . . . . . . . . . . . . . . kr. 40.000 kr. 72.300 

Kap. 3950. Inntekter: 
1. Salgsinntekter ................................. . 
2. Refusjon fra Svalbardbudsjettet. .................. . 
3. Andre inntekter ............................... . 

Budsjettert: 
kr. 70.000 

« 825.000 

« 10.000 

Regnskap: 

kr. 62.900 

« 825.000 

« 0 

kr. 905.000 kr. 887.900 

Kap. 4905. Tilfeldige inntekter. . . . . . . . . . . . . . . . . . . . . . . . . . kr. 0 kr. 790 

Feltarbeid 

NORGE 

Glasiologi 

Breundersøkelsene i Norge ble ledet av 0. LrnsTøL. De rutinemessige målin
ger av breenes massebalanse på Storbreen og Hardangerjøkulen ble utført av 
LrnsTøL og KJELL REPP. 0. 0RHEIM og BJØRN WoLD foretok målinger i mindre 
målestokk på henholdsvis Suphellebreen og Blomsterskardbreen. Storbreen 
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viste et underskudd, mens de øvrige hadde positiv balanse. Målinger av breenes 
lengdevariasjoner ble foretatt ved åtte breer. Av de to breene som økte, gikk 
Briksdalsbreen frem 41 m. Dette er den største økning på ett år som er registrert 
siden målingene begynte i 1900. De andre breene var i stillstand eller gikk 
tilbake. 

SVALBARD 

Instituttets sommerekspedisjon til Svalbard ble organisert og ledet av opera
sjonssjef T. SIGGERUD og omfattet, foruten besetningene på fartøyer og heli
koptre, i alt 37 personer. Av disse deltok tre i halve sesongen og en for kortere 
tid. Av deltakerne var 16 instituttets faste medarbeidere, fem engasjerte fag
medarbeidere og 1 7 engasjerte assistenter. Ekspedisjonen ble gjennomført etter 
programmet og uten ulykker eller uhell. 

Hovedekspedisjonen arbeidet i 197 5 i Svalbards nordvestlige område, med 
hovedbase inkludert to helikoptre i Ny-Ålesund. I dette området ble det arbei
det med geologiske undersøkelser av det faste fjell og kvartæravsetninger. 
Partiene ble sendt ut i felten, flyttet og trukket inn ved hjelp av helikoptrene. 

I Ny-Ålesundområdet var flere grupper biologer i arbeid ved forsknings
stasjonen. Når det passet i flyopplegget, ble også disse transportert med heli
koptrene. 

Geofysikerne reiste til Ny-Ålesund i april -mai og arbeidet der uavhengig av 
ekspedisjonen for øvrig. 

Hydrograferingsarbeidene foregikk med M/S «Olaf Scheel» utenfor vest
kysten av Svalbard med landstasjoner for HI-FIX-systemet på Kapp Martin 
og Daudmannsøyra. Inne i de nordlige armer av Isfjorden foregikk opplod
dingen (hydrograferingen) på to skift med hydrograferingsbåten «Svalis». 

På Jan Mayen var det en kortere glasiologisk undersøkelse. 
Se forøvrig de enkeltes rapporter. 
Hydrograferingsfartøyet «Olaf Scheel» lastet utstyret i Bodø 7 /7. Alt hydro

graferingspersonell reiste med denne. Fartøyet returnerte til Bodø 4/9. 
Sommeren 197 5 var det intet eget ekspedisjonsfartøy, men J'vI/S «Signalhorn» 

under ledelse av LuNDQ.UIST, lastet utstyr for ekspedisjonen i Bodø 10/7 og 
fraktet det og en del av ekspedisjonsdeltagerne til Ny-Ålesund. Det ble også satt 
ut depoter på nordsiden for årets flyvninger og for en biologisk vårekspedisjon 
i 1976. Både i nordvestlige og østlige farvann ble det satt ut bøyer for isdrift
målinger. Fartøyet returnerte til Bodø 24/7. 26/8 ankom M/S «Signalhorn» til 
Ny-Ålesund og hentet ekspedisjonen, som ble avsluttet i Bodø 29/8. 

To Bell Jet Ranger helikoptre var leiet for sommeren og ble sendt til Sval
bard og senere tilbake til Norge med kullbåt via Longyearbyen. Helikoptrene 
fløy til Ny-Ålesund. 

En ekstraordinær begivenhet fant sted 14/8, da ekspedisjonen feiret 50-års
jubileet for Svalbard som norsk land ved en stilfull fest i Ny-Ålesund. Senere 
disponerte statsministeren med følge helikoptrene i to dager for offisielle besøk 
bl.a. i Barentsburg. 
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Fig. 1. Hydrografiske arbeidsområder i 1975. 

Hydrografi 

I feltsesongen (7 /7 -15/9) ble det med hydrograferingsbåten «Svalis» fore
tatt opplodding i målestokken 1 :50 000 i Sassenfjorden og Ekmanfjorden. 
Arbeidet ble ledet av H. HoRNBÆK, assistert av engasjert hydrograf BJØRN S. 
JAKOBSEN samt R. MANDT, SIVERT UTHEIM, LARS KRISTIANSEN, IVAR R. KRIS
TENSEN og SmGFRIED STEINMETZ. I siste del av sesongen ble det foretatt opp
lodding i målestokken 1 : 10 000 og strømmåling i Akselsundet samt kontrol
lodding i målestokken 1 :5000 og strømmåling i Sveasundet. 

Hydrograferingstoktet med M/S «Olaf Scheel» ble ledet av J. H. CHRIS
TIANSEN. E. NETELAND hadde tilsyn og vedlikehold av HI-FIX-systemet og 
annet elektronisk utstyr. Som assisterende hydrograf var LARS BAKSTAD enga
sjert frem til 2/8 og BJØRN FRETHEIM for resten av sesongen. 

JENS ORNING var engasjert som assistent om bord i hydrograferingsfartøyet 
og assistentene JøRN THOMASSEN, FRODE MuLLER, Liv BøRRESEN og FINN 
NvcÅRD betjente slavestasjonene på Daudmannsodden og Kapp Martin. 
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På grunn av vanskelige isforhold på østsiden av Svalbard valgte man, etter 
at fyrettersynet var utført, å utfore opplodding på vestkysten i direkte tilknyt
ning til tidligere målinger. I alt ble det loddet opp ca. 4 930 n mil. 

Geologi 

Feltarbeidet besto i en konsentrert innsats i den nordvestre del av Spits
bergen. Hensikten var å undersøke og kartlegge blant annet de indre og mest 
utilgjengelige områdene der. Ved hjelp av to helikoptre av typen Jet Ranger 
klarte man å flytte leirer inn i de indre områdene og rekke over hele arbeids
området. Basen for operasjonen var Ny-Ålesund, og operasjonen varte i seks 
uker. 

Tre feltpartier arbeidet nord for Kongsfjorden: GJELSVIK med to assistenter, 
A. HJELLE med to assistenter og ORTA med to assistenter. Syd og øst for 
Kongsfjorden arbeidet Ø. LAURITZEN med to assistenter og T. WINSNES med 
en assistent. 

SALVIGSEN med en assistent foretok kvartærgeologiske undersøkelser ved 
Sveagruva i begynnelsen av juli. Senere sluttet partiet seg til helikopteropera
sjonen og foretok undersøkelser på Prins Karls Forland og på øyene lengst i 
nordvest. 

I to dager i begynnelsen av august ble det foretatt ekskursjoner til enkelte 
geologiske nøkkelområder sammen med en engelsk og tre sovjetiske geologer. 

Geofysikk 

LrnsTøL oppholdt seg i Ny-Ålesund 24/5 -18/6. Med assistanse av REPP 
foretok han målinger av akkumulasjonen på Lovenbreen og Brøggerbreen. 
Dessuten ble det foretatt en del triangulering og bestemmelse av den påfrosne is 
på breene. Videre ble en rekke forekomster av grunnvann undersøkt. 

V. RISDAL oppholdt seg ved Forskningsstasjonen i Ny-Ålesund i tiden 21/5 -
18/6 og utførte en rekke målinger av den direkte solstråling innenfor seks for
skjellige bølgebånd ved hjelp av to «Volz sun photometers». Videre ble belys
ningen i lux målt under forskjellige solhøyder og atmosfæriske forhold, sam
tidig som energien av den totale solstråling og den diffuse himmelstråling ble 
avlest. Observasjonene skal brukes til en vurdering av sammenhengen mellom 
disse forskjellige sider ved strålingsmiljøet på Svalbard. 

T. VINJE oppholdt seg på samme sted 22/4 -28/5 for å kalibrere instrumen
tene i kort- og langbølgeområdet. Ventileringen ble utbygget for å holde borte 
snø og regn. Strålingsinstrumentene ble ettersett og registreringssystemene 
kon troll ert. 

Biologi 

T. LARSEN oppholdt seg på Svalbard i april for å foreta registreringer av 
isbjørn og isbjørnhi i området NØ Spitsbergen -Hinlopen -Nordaustlandets 
østkyst. Registreringene ble foretatt på vegne av Miljøverndepartementet og 
Sysselmannen som ledd i arbeidet med å vurdere en scootertrase til NØ Spits
bergen og Lomfjorden. 
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Det var ingen egen biologisk feltaktivitet under Norsk Polarinstitutts hoved
ekspedisjon, men MAB-programmet, som instituttet har det koordinerende og 
administrative ansvar for, ble igangsatt. Faunistiske observasjoner ble gjort av 
Norsk Polarinstitutts øvrige feltpartier og av andre grupper og enkeltpersoner. 

Fyr og radiojjr 

Ettersynet av fyr og radiofyr ble utført med M/S «Olaf Scheel» av NETELAND 

og HI-FIX-assistenter i tiden 14/7 -20/7. 
Batterikapasiteten på de elektrifiserte lysfyr ble målt og lampene ettersett, 

uten at noen utskifting ble foretatt. Gassflasker ble skiftet på Kapp Ekholm, 
Akseløya, Brandalpynten og Kapp Amsterdam. 

På Fuglehuken, Rundodden og Bellsund ble det montert nye radiofyr. 
I 1976 tas det sikte på elektrifisering av lyktene på Brandalpynten, Kapp 

Ekholm og Akseløya. 

JAN MAYEN 

0RHEIM, assistert av jAN MANGERUD, utførte massebalansemålinger på 
Sørbreen i tiden 12/6 -19/6. Alle stakeposisjoner ble besøkt og en rekke nye 
staker ble satt ut. MANGERUD utførte også en del kvartærgeologisk arbeid, 
inkludert innsamling av drivved med henblikk på C-14 datering. 

Flyfotografering 

For midler stilt til disposisjon fra NATO Research Grants Programme, inn
gikk Norsk Polarinstitutt kontrakt med Landmælingar Islands, Reykjavik, om 
flyfotografering av Jan Mayen. Fotograferingen ble foretatt med vidvinkel
kamera fra ca. 7 600 og ca. 3 800 ru-høyder. En del fotograferinger ble også 
foretatt fra lavere flyhøyder. De tre foregående år har dårlig vær forhindret 
denne fotograferingen. 

ANTARKTIS 

1V1ed logistisk støtte fra National Science Foundation var HJELLE, Y. 0HTA, 
WINSNES og REPP i Antarktis fra november 1974 til februar 1975. Hovedarbei
det var en stratigrafisk tektonisk undersøkelse i den sydlige del av Ellsworth
fjellene. Gruppen returnerte til Norge 14/2 1975. 

Hydrografi 

Arbeid ved avdelingene 

(Se også under publikasjoner) 

HoRNBÆK utførte redaksjonelt arbeid i forbindelse med trykking av nye 
utgaver av sjøkartene 502, 503 og 507 og forberedte nye utgaver av sjøkartene 
504 og 513. Videre planla og tilrettela han utgivelsen av nytt sjøkart 523. 

CHRISTIANSEN bearbeidet hydrografisk materiale fra 1973 og 1974 og bisto 
i det rutinemessige arbeid ved avdelingen. 

13 
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Geodesi - topografi 

Det ble i 197 5 laget programmer for trigonometriske beregninger på Diehl 
Alftronic regnemaskin og utført beregninger i forbindelse med det topografiske 
kartverket Svalbard 1: 100 000. 

Kartbladene G7 Svenskøya og H4 Kongsøya ble konstruert i serien Svalbard 
1: 100 000. En fullstendig ny, foreløpig utgave av C9 Adventdalen i samme serie 
ble utgitt. Utgaven bygger imidlertid på den samme kartkonstruksjon som det 
tidligere kartet fra 1950. Kystkontur i Dicksonfjorden i målestokk 1: 100 000 
og i Akselsundet i målestokk 1: 10 000 ble konstruert for hydrografisk avdeling. 
En pingo i Dunderdalen, Spitsbergen, i målestokk 1: 2 000 ble konstruert for 
geologisk avdeling, og Trollkjeldene på Spitsbergen i samme målestokk for 
biologiske undersøkelser. Barentsøya ble aerotriangulert. 

Et område på Sør-Jan, Jan Mayen, som ikke kunne kartlegges med det 
tidligere materialet, ble konstruert på grunnlag av nyfotograferingen om 
sommeren. 

Ved hjelp av resultater fra engelsk markarbeid, ble kart over Heimefront
fjella og Mannefallknausane konstruert i målestokk 1: 100 000 etter skråbilder, 
for senere utgivelse i serien Dronning Maud Land 1 :250 000. I denne serien 
utkom to kartblad: NS Forposten og N6 Sarkofagen. 

Geologi 

I tiden 2. -6. juni 1975 arrangerte Norsk Polarinstitutt et symposium om 
Svalbards geologi - «The geological development of Svalbard during Pre
Cambrian and Lower Paleozoic, including Devonian». 26 deltagere fra Sovjet 
Danmark, England, USA, Canada og Norge presenterte atten arbeider 
som senere vil bli utgitt i et eget nummer av Norsk Polarinstitutts serie 
«Skrifter» 

H. MAJOR utførte kullpetrografiske undersøkelser av kull fra gruve 4 og 
7 i Longyearbyen, avga uttalelser til ID og andre om Svalbardkull og foretok 
i tiden 11- 25/8 undersøkelser i gruven i Longyearbyen og den nye Svea gruve 
i øst. 

WINSNES utarbeidet etter sin hjemkomst fra Antarktis en rapport om ekspe
disjonen, forberedte og ledet et symposium om Svalbards geologi og tilrettela 
sommerens ekspedisjon til Spitsbergen. Han har holdt flere foredrag om Arktis 
og har administrert den geologiske avdelingen. 

HJELLE deltok i Antarktisekspedisjonen, og begynte etter hjemkomsten å 
bearbeide det innsamlede materiale. Han deltok i Svalbardsymposiet med et 
foredrag og gjorde klart et materiale for publikasjon. Han har fortsatt bearbei
delsen av materiale fra Dronning Maud Land. 

ORTA deltok i Antarktisekspedisjonen. Etter hjemkomsten utarbeidet han to 
artikler til Svalbardsymposiet og en feltrapport fra Antarktis. Antarktismateria
let ble bearbeidet og analysert. To geologiske artikler er publisert. 

LAURITZEN begynte ved Norsk Polarinstitutt 1. januar. Han har satt seg inn 
i arbeidet og deltatt i organiseringen av Svalbardsymposiet. Etter sommerens 
ekspedisjon er innsamlet materiale blitt bearbeidet. 
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0. SALVIGSEN bearbeidet feltobservasjoner fra 1974 og studerte flybilder fra 
Spitsbergen som forberedelse til feltsesongen. Etter ekspedisjonen er innsamlet 
materiale blitt bearbeidet. 

EDWARDS (Barentshavprosjektet) bearbeidet materiale samlet inn i 1974. 

Geo,bsikk 

RISDAL fortsatte bearbeidelsen av strålingsobservasjoner fra Ny-Ålesund. De 
endelige beregninger i forbindelse med de målte spektralfordelinger av sol- og 
himmelstrålingen ble stort sett fullført. Han tok videre opp arbeidet med en 
kortfattet beskrivelse av Svalbards geografi. 

LmsTøL bearbeidet glasiologisk og annet feltmateriale for Norge og Svalbard. 
Han var veileder for hovedfagstudenter, holdt en forelesningsrekke i glasiologi 
og var sensor i limnologi og fysisk geografi ved Universitetet i Oslo. Han deltok 
også som veileder ved Geografisk Institutts feltkurs på Finse. 

0RHEIM foretok utredningsarbeid i forbindelse med 1976/77-ekspedisjonen 
til Antarktis. Glasiologiske data fra Jan Mayen, Supphellebreen og Syd
Shetlandsøyene ble bearbeidet. Han har forsøkt å etablere prinsipper for 
tolkning av mikrobølgebilder fra Antarktis tatt med NIMBUS satellitt, og har 
arbeidet med LANDSAT-2 bilder fra Dronning Maud Land. Han var også 
veileder for en hovedfagstudent. 

VINJE utarbeidet isoversikt for 1974 og gjennomgikk de siste 10 års satellitt
data for å få en bredere oversikt. Han var «principal investigator» i en avtale 
med NASA om bruk av automatiske satellittstasjoner som ble satt ut på isflak 
ved Svalbard i juli. Det samme gjelder for en annen samarbeidsavtale med 
NASA om mottagelse og bearbeidelse av LANDSAT-bilder fra Svalbard
Grønlandområdet. Omkring 50 bilder med oppløsning på 80 meter ble mottatt 
i løpet av året. Han deltok meget i komitearbeid. 

Biologi 

LARSEN fortsatte bearbeidelsen av det vitenskapelige materiale som er inn
samlet gjennom flere år. Han har innenfor sitt fagområde drevet en utstrakt 
konsulentvirksomhet vis-a-vis myndighetene, institusjoner og enkeltpersoner. 
I begynnelsen av året fungerte han som sekretær i MAB styringsgruppe, og 
høstsemesteret 1975 var han veileder ved Universitetet i Oslo, Rådet for Natur
og Miljøfag. 

Biblioteket 

I 1975 ble det registrert 470 titler, herav bl.a. 70 innkjøpte bøker, 32 av 
gammel bestand, 156 særtrykk og småskrifter, 67 fra bytteforbindelser og 6 som 
gaver. 

Særtrykksamlingen er på 6050 stk. Det er etablert fire nye bytteforbindelser 
og tegnet tre nye abonnementer. 

Registrerte utlån var i alt 4 79, derav 335 til instituttets personale, 108 til 
personer utenfra og 36 til andre biblioteker. Registrerte utlån fra andre biblio
teker var 42. 
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Konsulent- og informasjonsvirksomhet 

Instituttet har i likhet med tidligere år vært konsultert om polare spørsmål 
av norske myndigheter og av personer i inn- og utland. 

GJELSVIK deltok i februar i møte i Utenriksdepartementet i forbindelse med 
forberedelsen av Det 8. konsultative møte under Antarktistraktaten. I august/ 
september hadde han besøk av representanter for PRB, National Academy of 
Science, USA, som var i ferd med å utarbeide et program for en påtenkt driven
de stasjon i den eurasiske del av Polhavet, The Fridtjof Nansen Drift Station 
(F�DS). Han ble bedt om å være norsk kontaktledd for planene og hadde i den 
anledning drøftelser med en rekke norske vitenskapelige institusjoner som kun
ne være interessert i planene. 

LuKDQ.UIST og forskerne besvarte, innenfor sine respektive fagområder, hen
vendelser fra massemedia vedrørende instituttets arbeidsoppgaver og virksom
het i polarstrokene. 

Reiser, møter og kursvirksomhet 

J. BJØRKE, HoRNBÆK, LuNDQ.UIST og MANDT deltok i mars i «Kartdagene 
1 975» som ble arrangert i Skien av Norges Karttekniske Forbund. 

GJELSVIK deltok i januar, i egenskap av president for SCAR, i en tur til 
Antarktis for å være til stede ved åpningen av den nye amerikanske forsknings
stasjonen på Sydpolen. På tilbakereisen hadde han drøftelser i Boulder, Colo
rado, og i Washington D.C. med representanter for National Oceanographic 
and Atmospheric Administration og National Science Foundation om polar
forskning av felles interesse for Norge og USA. I juni ledet han det årlige møte 
i eksekutivkomiteen for SCAR i Cambridge, og i november deltok han i et 
møte i Washington D.C. om planlegging av prosjektet The Fridtjof Nansen 
Drift Station (FNDS). På reisen besøkte han Ottawa for drøftelser med dr. 
E. F. RooTs i planleggingsavdelingen for Department of the Environment. 
Under oppholdet i Washington drøftet han spørsmålet om samarbeid mellom 
USA og Norge i Antarktis med representanter for OPP og NSF, i forbindelse 
med Norsk Polarinstitutts kommende Antarktisekspedisjon. 

I Norge deltok GJELSVIK i en rekke møter i en komite, sammensatt av repre
sentanter for Luftforsvaret, Norsk Aeroklubb, SAS og Norsk Polarinstitutt, 
som forberedte feiringen den 15. juni av 50-årsjubileet for Roald Amundsens 
flytokt mot Nordpolen med flyvemaskinene N 24 og N 25. I juni møtte han som 
norsk delegat på Det 8. konsultative møte under Antarktistraktaten, som ble 
arrangert i Oslo av Utenriksdepartementet. Videre deltok han i september i 
åpningen av flyruten til Svalbard og innvielsen av Svalbard flyplass. 

H1sDAL, 0RHEIM, LrnsTøL og VINJE deltok i august/september i International 
Union of Geodesy and Geophysic's symposium i Grenoble. 

LARSEN deltok i september i The Circumpolar Conference on Northern 
Ecology i Ottawa og i arbeidsmøter arrangert samme sted for medlemmer av 
The IUCN Polar Bear Specialist Group. I oktober deltok han i World Wildlife 
Fund's årlige kongress og komitemøter. 
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LrnsTøL deltok som guide i Geografisk Institutts ekskursjon til Finseområdet 
1 JUUl. 

0RHEIM deltok i mai på årsmøte og i to rådsmøter i International Glaciologi
cal Society (IGS), Cambridge. I august deltok han i SCAR's arbeidsgruppe og 
i rådsmøte i IGS, avholdt i Grenoble. 

LuNDQ.UIST deltok som medlem av den norske delegasjon, i forhandlingsmøte 
med Sovjet om grensespørsmål i Barentshavet. Møtet ble holdt i Oslo i novem
ber. 

SALVIGSEN deltok i oktober i et symposium om klimaforandringer, arrangert 
av Universitetet i Lund. 

VINJE deltok i juni i Skandinavisk havismøte i Oslo. 
'VINSNES deltok i februar i et orienteringsmøte i Stavanger om aktiviteter på 

kontinentalsokkelen og i desember i et orienteringsmøte avholdt av Oljedirek
toratet om IPOD/JOIDES. 

Forelesnings- og foredragsvirksomhet 

Instituttets medarbeidere har i 1975 holdt folgende foredrag: 

GJELSVIK: «The Hecla Hoek ridge of the Devonian Gra ben between Liefde
fjorden and Holtedahlfonna, Northern Norway». Det geologiske 
Svalhardsymposium, Oslo, i juni. 
«Utforskningen av kontinentalsokkelen i B:irentshavet - fra Fridtjof 
Nansens tid til i dag.» Det Norske Videnskaps-Akademi, Oslo, i oktober. 
Forelesning over samme emne ble holdt i Trondheim Geologklubb og 
ved Universitetet i Tromsø i november og i Polarklubben, Oslo, i 
desember. 

LARSEN: «Isbjørnundersøkelsene på Svalbard.» Foredrag om dette emne ble 
holdt i Polarklubben, Oslo, i januar, i Ås Zoologisk Forening og i 
Zoologisk Fagutvalg, Oslo, i februar, ved et seminar ved Universitetet 
i Trondheim i mars og i Longyearbyen i april. 

LAURITZEN: «Den historisk-geologiske utvikling av Europa.» Forelesningsserie 
på 14 timer ved Universitetet i Oslo høsten 1975. 

LIEsTøL: «Om snø og is.» Kåseri i NRK i mars. 
«Brefluktuasjoner på Svalbard.» Bergens geofysiske forening i mars. 

LuNDQ.UIST: «Kartlegging av polarområder.» Rogaland Karttekniske Forening, 
Stavanger, i januar. 

MAJOR: «Hva er egentlig kull? Hva har vi av kull i l\orge ?» Metallurgisk 
Forening, NTH, Trondheim i november. 

OnIA: «Lithostratigraphy, structurc and metamorphism of Prince Karls 
Forland and St. Jonsfjorden» og <cBlue schist metamorphism in West
Spitsbergen». Begge foredrag holdt under det geologiske Svalhard
symposium, Oslo, i juni. 

0RHIEM: «Redegjørelse for planer for ny norsk ekspedisjon til Antarktis.» 
Geofysisk institutt, Universitetet i Bergen, i mars. 
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0RHIEM: «Breer og vulkaner i Antarktis.» Geografistudenten es forening, Norges 

Handelshøyskole, i mars. 
«Norsk forskning i Antarktis i de nærmeste år.» Geologisk institutt, 

Universitetet i Bergen, i mars. 

«Moderne geofysisk forskning i Antarktis.» Bergens geofysikerforening, 

i mars. 
«Glaciological significance of microwave images of Antarctica.» Inter

national Glaciological Society (IGS), Cambridge, England, i mai. 

Foreleste i glasiologi ved Universitetet i Bergen, høstsemesteret 1975. 
«Norges innsats i Antarktis - hva vi har gjort og hva vi vil gjøre.» 

Norsk Geografisk Selskap i november. 
SIGGERUD: «Svalbard og Svalbards utforskning.» I alt 21 foredrag om dette 

emne i Folkeakademier, industriforeninger, Universitetet i Bergen, 

Geologisk Forening i Bergen, etc. 
VINJE: «Variabiliteter av isforholdene i Arktis.» NIF's symposium om olje

boring på arktiske sokler, avholdt i Stavanger i oktober. 
WINSNES: «Miljødatainnsamling - Barentshavet.» Foredrag på etterutdan

ningskurs, arrangert i Stavanger av Norske Sivilingeniørers Forening 

i oktober. 

Publikasjoner 
Skrifter: 
Nr. 162 - R. A. FoRTEY: The Ordovician Tribolites of Spitsbergen. Il. Asaphidae, Nileidae, 

Raphiophoridae and Telephinidae of the Vallhallafonna Formation. 

Arbok 1973: 

RISDAL, VIDAR: Some features of the distribution of cloudiness and duration of sunshine at 
Norwegian Arctic stations. 7 -26. 

VINJE, ToRGNY E.: On the small scale features of temperature and wind profiles near a snow 
surface. 27 -39. 

LAURITZEN, ØRNULF and DAVID WoRSLEY: Observations on the Upper Palaeozoic stratigraphy 
of the Ny Friesland area. 41-51. 

SIEDLECKA, ANNA: The petrology of some Gat boniferous and Permian rocks from Bjørnøya, 
Svalbard. 53 -71. 

HALVORSEN, ERIK: Secondary Fe-spinel formation in red beds from the Wood Bay Formation, 
Svalbard. 73 -85. 

ÅM, KNUT: Magnetic profiling over Svalbard and surrounding shelf areas. 87 -99. 
LARSEN, THOR: Polar bear den surveys in Svalbard in 1973. I 0 I -111. 
HJELJORD, OLAV: Studies of the Svalbard reindeer. 113-123. 
GULLESTAD, NILS: On the biology of char in Svalbard. 125-140. 
HAGELUND, KARL and MAGNAR NoRDERHAUG: Studies of population changes and breeding 

processes in a colony of Eiders in Svalbard. 141-161. 
Studies of the productivity of the Svalbard Eider under optimal conditions. 163 -174. 

BENGTSON, SVEN-AXEL: Tetthet av hekkende vadere på tundraen omkring Ny-Ålesund, 
Svalbard. 175-178. 

LIESTOL, OLA v: Hans W :son Ahlman. I 79 -180. 
Glaciological work in 1973. 181-192. 

HISDAL, VIDAR: The weather in Svalbard in 1973. 193 -195. 
VINJE, ToRGNY E.: Sea ice and drift speed observatiom in 1973. 197 -202. 
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LARSEN, THOR: Iakttagelser over dyrelivet på Svalbard i 1973. 203-210. 
GJELSVIK, TORE: Norsk Polarinstitutts virksomhet i 1973. 211-224. 
SIGGERUD, THOR: Forskningsstasjonen på Svalbard. 225-226. 
GJELSVIK, ToRE: The activitie& of Norsk Polarinstitutt in 1973. 227 -232. 

Main field work of scientific and economic interest carried out in Svalbard in 1973. 
234-235. 

CRooT, DAVID G.: The morphology and evolution of an esker in Spitsbergen. 237 -239. 
MøHL, ULRIK: Dating of the Bison find from Siberia. 240-241. 

Sjøkart: 

502 Bjørnøyfarvannet 1 :350 000 (ny utgave). 
502C Bjørnøyfarvannet 1 :350 000 (CONSOL). 
503 Fra Bellsund til Forlandsrevet med Isfjorden 1 :200 000 (ny utgave). 
507 Nordsvalbard 1 :600 000 (ny utgave). 

Landkart: 

Svalbard 1 : 100 000: 
C9 Adventdalen (foreløpig utgave). 

Dronning Maud Land 1 :250 000: 
NS Forposten. 
N6 Sarkofagen. 

Annen publisering : 

Instituttets medarbeidere har utenom instituttets serier publisert: 

THOR LARSEN sammen med T. SCHMIDT og E. NoRDLING: Økologimiljølære. Scandinavian Video 
Casette Group. 112 pp. 

THOR LARSEN: Progre�s in polar bear research and conservation in the five Arctic nations. 
Environmental �fairs 4(2) :295 -308. 
Problems in management oriented studies of birds and mammals in European High 
Arctic. Proceedings Circumpolar Conference on Northern Ecology, Ottawa 1975 (in 
print). 
Miljøleksikon v/Norges Naturvernforbund/Stiftelsen NKL 121 pp. (medarbeider). 

ØRNULF LAURITZEN: Methods for the study of microfacies with an example from the Oslo 
Region. The Middle Ordovician of the O�lo Region, Norway, 25. Norsk Geologisk 

Tidsskrift 55. pp. 91-96, 1975. 
OLAV LrnsTøL har levert bidrag til Breundersøkelser i Norge i 1974. Rapport fra NVE. 
YosHIHIDE 0HTA: lntergranular co-ordination of plagioclase in a porphyroblastic domain 

(with S. G. HoE). Japanese Geo!. Soc. Jour" Nov. 1975. 
OLAV 0RHEIM: Post and present mass balance variations and climate at Deception Island, 

South Shetland Island, Antarctica. IASH-AISH Publ. No. 104. pp. 161-180. 
Antarktis i fokus - hva gjør norsk forskning? Forskningsnytt nr. 3 1975, pp. 10-14. 

ToRGNY VINJE: Om formen på temperatur- og vindprofiler nær en snøflate. SMS Bulletin, 

Stockholm. 

Forskningsstasjonen på Svalbard 

Det leieforholdet som ble etablert i 1974 mellom Norsk Polarinstitutt og 
Kings Bay Kull Comp . A/S, fortsatte også i 1975. KBKC har stått for den gene
relle drift av anlegget i Ny-Ålesund (kraftstasjon, vannanlegg, messe etc.). For 
disse ytelser har Norsk Polarinstitutt betalt en fast avgift på kr. 600 000, -. 
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Bemanningen av Forskningsstasjonen i 1975 har vært: 

Ingeniør JENS ANGARD 

Vit.ass. DAG BJøRKEDAL 

Stasjonssjef JAN E. HAUGLAND 

Vit.ass. ARVID HEGSTAD 

Ingeniør JAN A. JENSEN 

Assistent FINN PETTERSEN 

1/1 -31/12 
1/1 -31/8 
1/9 -31/12 (k1les for NP og KBKC) 
1/9 -31/12 

23/6 -23/8 
27 /6 -22/8 

I tillegg har KBKC hatt en leirbesetning på fire mann. 

Kapasiteten ved stasjonen er foreløpig så liten at man etter samråd med 
myndighetene har begrenset adgangen til stasjonen til norske forskere eller 
utenlandske forskere som deltar i norske prosjekter. Det arbeides med planer 
om fremtidige utvidelser. 

Stasjonen ble sommeren 1975 benyttet som base for Norsk Polarinstitutts 
Svalbardekspedisjon. 5 -6 mann var fast stasjonert i Ny-Ålesund, mens 16 
mann var forlagt ute i felten. Transport til og fra felten ble foretatt med to 
helikoptre. 

I 1975 hadde stasjonen en rekke offisielle besøk, bl.a. av statsminister 
BRATTELI og frue, statssekretær FuGLERUD, ministerråd BucHER-jOHANNESSEN, 

stortingsmann HELLEM, sysselmann ELDRING og bergmester JOHNSEN. 
Ledelsen ved Norsk Polarinstitutt besøkte også stasjonen i løpet av sommeren. 

En rekke forskere arbeidet ved stasjonen i løpet av våren og sommeren, blant 
andre: 0. LIE STØL, V. RISDAL, T. VINJE og K. REPP fra Norsk Polarinstitutt, 
L. H. JENNEBORG fra Gøteborg Universitet, G. KNABEN, A. EMANUELSSON og 
B. A. RossELAND fra Universitetet i Oslo, Y. GJESSING fra Universitetet i Bergen, 
0. BRATTENG, E. MIKALSEN, T. BRATTLI, K. M. JOHANSEN, 0. HARANG, K. 
HENRIKSEN, D. McARTHUR og T. BERKEY fra Universitetet i Tromsø, N. 
GULLESTAD fra Nordland Distriktshøgskole, Bodø, og distriktveterinær OLAV 
ScHØLAAs. 

To forskergrupper fra Universitetet i Trondheim (I. BRATTBAKK, J. HERMAN
SEN, A. ELVEBAKK, T. KLOKK, 0. RøNNING og T. BERGVIK, A. HEGGSTAD og 
E. SENSTAD) drev vegetasjonskartlegging og evertebratikologiske undersøkelser 
på Brøggerhalvøya i forbindelse med MAB-programmets (Man and the Bio
sphere) arbeid på Svalbard. 

Et reportasjeteam fra NRK og representanter fra en rekke presseorganer 
besøkte Forskningsstasjonen i løpet av sommeren. 

Oversikt over kontinuerlige forskningsprosjekter ved Forskningsstasjonen i 1975 

1. Fotometer: 
Oppdragsgiver: Nordlysobservatoriet, Tromsø. 
4 kanaler senit fotometer med digital/analog utlesning har periodisk vært 
i drift. 
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2. Magnetometer: 

Oppdragsgiver: Universitetet i Tromsø. 
Registreringene har gått som normalt hele perioden. 

3. Riometre: 
Oppdragsgiver: Nordlysobservatoriet, Tromsø. 
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Tre på 20, 27 og 30 Mhz i drift. Utstyret har etter nedleggelsen av ESRO
sambandet fungert tilfredsstillende. 

4. All-sky-camera: 

Oppdragsgiver: Nordlysobservatoriet, Tromsø. 
Problem med ny, automatisk tidsmarkering som periodevis ødela registre
ringene. Kameraet har vært i Norge for ombygging. 

5 .  Seismisk stasjon: 

Oppdragsgiver: Jordskjelvstasjonen, Univ. i Bergen. 
Har gått som normalt, bortsett fra en ukes stans i sommer på grunn av 
teknisk overhaling av instrumentene. 

6. Luftforurensingsmålinger: 
Oppdragsgiver: Norsk Institutt for Luftforskning. 
Prøvetagningen har blitt forstyrret av lokale forurensingskilder. Sektor
samplcr for eliminering av lokale kilder har ikke fungert tilfredsstillende. 

7. Oseanografi: 
Oppdragsgiver: Havforskningsinstituttet, Bergen. 
6 målinger er tatt i stasjon A og 6 i stasjon B. Det er vanskelig å få tatt 
prøvene. Slik is- og værforholdene har vært, ble utsetning av båten proble
matisk. I mørketiden er det ikke forsvarlig å ta prøvene. 

8. Meteorologi: 
Oppdragsgiver: Meteorologisk Institutt, Oslo. 
Meteorologiske observasjoner er blitt tatt tre ganger daglig, kl. 0630, 1230 
og 1830, og sendt til Isfjord radio for videresending. 

9. Strålingsmålinger: 

Oppdragsgiver: Norsk Polarinstitutt. 
De fem viktigste strålingskomponenter for klimatiske undersøkelser har 
vært registrert hele året. 

10. Tidevannsmåler: 
Oppdragsgiver: Norsk Polarinstitutt. 
Har gått normalt i perioden. 

11. Glasiologi: 
Oppdragsgiver: Norsk Polarinstitutt. 
Avlesning på akkumulasjonsstaker. 

12. Biologi: 
Oppdragsgiver: Norsk Polarinstitutt. 
Registrering av generelle biologiske observasjoner hele året. 





The activities of Norsk Polarinstitutt in 1975 

Ex tract of the annual report 

By KAARE z. LUNDQ.UIST 

Norsk Polarinstitutt had, as before, 34 permanent pos1t10ns in 1975. In 
addition seven employees were engaged on limited-term contracts. 

Field work 

NORWAY 

Glaciology 
The studies were led by 0. LrnsTøL who, together with K. REPP conducted 

routine glacier mass balance measurements at Storbreen and Hardanger
jøkulen. 0. 0RHEIM and B. WOLD conducted simplified mass balance measure
ments respectively at Supphellebreen and at Blomsterskardbreen. Storbreen 
showed a deficit whereas the other glaciers showed positive balances. 

Frontal positions of eight glaciers were measured. Two were advancing, 
including Briksdalsbreen which advanced 41 m. This is the largest annual 
advance registered since the measurements began in 1900. 

SVALBARD 

The summer expedition was organized and led by T. SIGGERUD. Altogether 
37 persons participated, not counting crews on ships and helicopters. The 
programme was carried out as planned without mishaps. 

The main expedition conducted geological work in the northwestern part 
of Svalbard, using two heli.copters based in Ny-Ålesund. Groups making 
biological studies in this area were also transported by the helicopters. 

The geophysicists worked in Ny-Ålesund in April-May. 
Brief glaciological work was done at Jan Mayen. 
The hydrography was carried out using M/S "Olaf Scheel" outside Is

fjorden, with land bases for the Hi-Fix positioning system at Kapp Martin 
and Daudmannsøyra. Further hydrography was done in the northern branches 
of Isfjorden using the motor boat "Svalis". "Olaf Scheel" left Bodø on 7 July 
and returned there at 4 September. 
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There was no separate expedition vessel in the 1975 summer, but M/S "Sig
nalhorn", led by K. Z. LuNDQ.UIST, loaded equipment in Bodø on 10 July and 
carricd this and some expedition members to Ny-Ålesund. Depots for the 
hclicopters and for a spring 1976 expedition were also established in the north
ern areas, and buoys for ice drift movements were emplaced in the north
western and eastern waters. The ship returned to Bodø on 24 July. She returned 
to Ny-Ålesund on 26 August and carried the expedition to Bodø, arriving on 
29 August. 

Two Bell Jetranger helicopters with crew were rented for the summer and 
were shipped between Norway and Longyearbyen. They flew to Ny-Ålesund, 
which was the base for the main expedition. 

An extraordinary event took place on 14 August when the expedition cele
brated the fiftieth anniversary of Svalbard becoming Norwegian territory. 
Later the Prime Minister and his party used the helicopters for two days 
making official visits. 

Hydrography 

H. HoRNBÆK, assisted by B. JAKOBSEN, R. MANDT, S. UTHEIM, L. KRIS
TIANSEN, I. R. KRISTENSEN, and S. STEINMETZ used the sounding boat "Svalis" 
from 7 July to 15 September in Sassenfjorden and Ekmanfjorden. Detailed 
soundings and current measurements were done in Akselsundet and Sveabukta. 

The other hydrographic survey with M/S "Olaf Scheel" was led by J. H. 
CHRISTIANSEN. E. NETELAND looked after the Hi-Fix system and other electronic 
equipment. L. BLAKSTAD and B. FRETHEIM were engaged each for half the 
season as assistant hydrographers. 

Due to the difficult ice conditions in the east, it was decidcd to conduct 
soundings in the western areas. Altogether 4930 n. miles were sounded. 

Geology 

The field work was a concentrated effort with the helicopters in areas of 
difficult access in the northwestern part of Svalbard. 

T. GJELSVIK, A. HJELLE, and Y. 0HTA, each with two assistants, worked 
north of Kongsfjorden. 

Ø. LAURITZEN with two assistants and T. WINSNES with one assistant worked 
south and east of Kongsfjorden. 

0. SALVIGSEN with one assistant studied the Quaternary geology around 
Sveagruva in early July. Later they joined the other geologists and worked 
on Prins Karls Forland and on the island in the far northwest. 

Geophysics 

0. LrnsTøL assisted by K. REPP, measured the snow accumulation on 
Lovenbreen and Brøggerbreen. Triangulation work and measurements of the 
superimposed ice were also carried out and ground water springs were in
vestigated. 

V. RISDAL worked at the Research Station in Ny-Ålesund from 2 1  May to 
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18 June measuring intensity distribution and energies of direct and diffuse sun 
radiation. 

T. VINJE also worked in Ny-Ålesund, from 22 April to 28 May calibrating 
and servicing the radiation instruments both in the short- and long-wave 
region. The ventilation of various instruments was improved. 

Biolog;· 

T. LARSEN registered polar bears and their dens during April, covering the 
area northeast Spitsbergen - Hinlopenstretet - east coast of Nordaustlandet. 
The registrations were conducted on behalf of the Department of the Environ
ment and Sysselmannen as part of the evaluation of a scooter path to northeast 
Spitsbergen. 

The other biological field activity wa� the start of the MAB programme 
which is an independent project for which Norsk Polarinstitutt has the co
ordinating and administrative responsibility. 

JAN MAYEN 

0. 0RHEIM assisted by J. MANGERUD conducted mass balance studies at 
Sørbreen in June. MANGERUD also carried out glacial geological studies, m
cluding collection of samples to be dated by C-14. 

Aerial photography 

Landmælingen islands, Reykjavik, was contracted by Norsk Polarinstitutt 
to do aerial photography which was done by wide-angle cameras, mostly from 
elevations of 7600 and 3800 m. Funds for this has been provided by the NATO 
Research Programme. Poor weather made accomplishment of this work 
impossible in the threc prev10us years. 

ANTARCTICA 

The geologists A. HJELLE, Y. ORTA, T. S. WrnsNES and K. REPP worked 
in the southern part of the Ellsworth Mountains from November 1974 to 
J anuary 197 5, conducting mostly stratigraphic/tectonic studies. Logistic sup
port was provided by the U.S. National Science Foundation. 

Preparation of data 

!f)drography 

H. HoRNBÆK did editing work on charts 502, 503 and 507 and prepared 
new editions of charts 504 and 5 13. He planned and prepared the publishing 
of new chart 523. 

]. H. CHRISTIANSEN worked on the 1973 and 1974 soundings and took part 
in the routine work of the section. 

Geodesy -topography 

Programmes were made for trigonometric computations on a Diehl Alftronic 
computer, and thcse were used in connection with the 1: 100 000 topographic 
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map�. Maps G7 Svenskøya and H4 Kongrnya have been constructed. A new 
edition of C9 Adventdalen has been published. The coastline of Dickson
fjorden at scale 1 : 100 000 and of Akselsundet at 1 : 10 000 were constructed 
for the hydrographic section. A map of a pingo in Dunderdalen at scale 
1 :2000 was constructed for the geologists and one at the same scale was made 
of Trollkjeldene for the biologists. Barentsøya was aero triangulated. 

New constructions werc made of an area of Sør-Jan, Jan Mayen, that could 
not be constructed from the old photographs. 

Maps of Heimefrontfjella and Mannefallknausane were constructed at scale 
1: I 00 000 by use of data from British field work. These will later be printed in 
the series Dronning Maud Land I :250 000. The maps N5 Forposten and N6 
Sarkofagen were published in the same series. 

Geology 

A symposium on the geology of Svalbard - "The geological development 
of Svalbard during Pre-Cambrian and Lower Paleozoic, including Devonian" 
- was arranged in Oslo 2-6 June 1975. 26 participants from the Soviet Union, 
Denmark, England, the United States, Canada, and Norway contributed 
with eighteen papers, later to be published in a special issue of the Norsk 
Polarinstitutt Skrifter series. 

H. MAJOR continued coal petrographic studies of samples from mines 4 and 
7 in Longyearbyen. He provided statements ±or the Department of Industry 
and others and studied the mines in Longyearbyen and Svea in August. 

T. S. WINSNES prepared a report on the Antarctic expedition, prepared and 
led a symposium on the geology of Svalbard, and laid the plans for the Svalbard 
Expedition. He gave many lectures on the Arctic, and he administered the 
geologic section. 

A. HJELLE took part in the Antarctic expedition and, upon returning, 
started analysis of samples. He gave a paper at the Svalbard Symposium and 
prepared data for publication. He has continued analysis of the Dronning 
Maud Land material. 

Y. 0HTA also took part in the Antarctic Expedition. He prepared two papers 
for the Svalbard Symposium and a field report from the Antarctic work. The 
Antarctic data has been analyzed, and two geologic papers have been pub
lished. 

Ø. LAURITZEN began at Norsk Polarinstitutt on 1 January. He took part in 
the organization of the Svalbard Symposium and has worked on the material 
collected during the 1975 summer field work. 

0. SALVIGSEN worked on data from the 1974 and 1975 summers' field work 
and studied aerial photography preparing for the 197 5 season. 

M. B. EDWARDS analyzed material collected during 1974. 

Geophysics 

V. RISDAL has continued analysis of the radiation observation from Ny
Ålesund. Final analysis of the measured spectral distribution is mostly com-
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pleted. He started work on a brief description of the geography of Svalbard, 
to be published as Polarhåndbok Nr. 2 in 1976. 

0. LrnsTøL prepared glaciologic, meteorologic and other field data from 
Svalbard and Norway. He was also adviser for graduate students and held a 
lecture series in glaciology at the University of Oslo. 

0. 0RHEIM made preparations for the 1976/77 Antarctic Expedition. Gla
ciological data from Jan Mayen, Supphellebreen, and the South Shetland 
Islands were analyzed. He has analyzed Nimbus microwave imagery of 
Antarctica, and Landsat-2 satellite imagery from Dronning Maud Land. He 
was adviser for one graduate student. 

T. VINJE prepared sea ice charts for 1974 and analyzed ten years of satellite 
data. He was principal investigator for a project with NASA using automatic 
satellite stations placed on sea ice off Svalbard in J uly, and for a project using 
Landsat-2 images of the Svalbard-Greenland area. About 50 images with 
80 m resolutions were received during the year. He took part in much com
mittee work. 

Biology 

T. LARSEN continued analyzing material collected over many years. He has 
done extensive consultation work for the government, institutions, and indi
viduals. He functioned as secretary for the MAB steering group in the early 
part of the year. 

The Research Station at Ny-Ålesund 

Kings Bay Kull Comp. AIS have supplied the logistic needs for the research 
station for 1974/75 for a payment of kr. 600,000.- from Norsk Polarinstitutt. 
During the 1974175 winter, five support personnel from Kings Bay Kull 
Comp. A/S have worked in Ny-Ålesund in addition to the two scientists/ 
technicians, and one station chief. The capacity of the station is still so limited 
that its use has been confined to Norwegian scientists or foreign scientists 
participating in Norwegian projects. Plans for fu ture expansion are being 
made. 

The main continuous registration studies in 1975 have covered the following 
fields: 

4-channel photometer - Earth magnetism - HF absorbtion measure
ments by rhiometers - Night sky photography by "all-sky-camera" -· 

Seismie registrations - Air pollution studies - Oceanographic studies - · 

Meteorological observations - The five main radiation components 
Tidal registrations - Measurements of mass balances of glaciers -
Biologic observations were made throughout the year -

The station was used as base for the Norsk Polarinstitutt 1975 expedition. 
Of this, about six perrnns were permanently stational at the base, and sixteen 
lived in the field with transport provided by the two helicopters. 
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Notiser 

Fig. I. Observasjoner av Trolltunga ut fra satellittbilder. Innfelt sees Trolltunga slik den viser seg på bilder 

fra satellitter med stor oppløsning, innerst i Weddellhavet. Til høyre sees observasjoner fra fly og båt i 1959 

på dens opprinnelige plass. 

Drift av Trolltunga i Weddellhavet 

Trolltunga var navnet på en kjempemessig tunge av is-shelfen som strakte seg 
nordover langs nullmeridianen mellom 69° og 70°S. Den brakk løs, sannsynligvis 
i siste halvdel av juli 1967, og drev langs kysten inn i Weddellhavet med en has
tighet av 4,4 km pr. døgn til å begynne med. Dette kjempemessige isfjellet var 
opprinnelig omkring 100 km langt og 50 km bredt - altså et areal på 5000 km2• 
Det grunnstøtte innerst i Weddellhavet i 1969- 70 og ble stående der til ut i 
197 5 da det fortsatte videre nordover. Nedenfor er angitt de perioder da Troll
tunga antas for det meste å ha drevet fritt, med tilhørende drittsh2,stigheter. 

Periode 16/12-67 til 20/1-68 minst 4,4 km pr. døgn 

20/2-68 )) 12/2-69 )) 2,0 )) » )) 

20/2-75 )) 12/2-76 )) 3,0 )) )) )) 

19/8-76 )) 23/9-76 )) 3,4 )) )) )) 

Driften til Trolltunga er angitt på Fig. 1. Observasjonene bygger på ameri
kanske satellittbilder. Fra et Landsat- 1 bilde bestemte C. SwrTHINBANK 
formen på kjempeberget da det var innerst i Weddellhavet. Denne formen er 
innfelt i Fig. 1 sammen med de norske observasjonene i 1956. 

Trolltunga har fremdeles i hovedtrekkene sin opprinnelige form, men er blitt 
redusert i utstrekning til bortimot 4500 km2• Tykkelsen antas å være omkring 
300 meter. 

Torgny E. Vinje 
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Research on the Ordovician Rocks of North Ny Friesland, 
Spitsbergen 

Fossiliferous Lower Palaeozoic rocks at the top of the Hecla Hoek Series in 
North Ny Friesland, were first discovered in 1965 by a party of survey geo
logists from the University of Cambridge, England. Part of the early Ordovi
cian (Arenig-Llanvirn) section was mea5ured and collected in 1967, and a 
preliminary account of the succession given by VALLANCE and FoRTEY ( 1968). 
Following this, description of the trilobite faunas was started by FoRTEY at 
the University of Cambridge, and in 1971 he joined a joint expedition to Ny 
Friesland organi5ed by the Palaeontological Museum, University of Oslo and 
Norsk Polarinstitutt. 

In 1971 the field work was extended both downward and upward in the 
succession and mapping and collecting was done from a new outcrop area to 
the south of that previously worked on. Results of this fieldwork were published 
by FoRTEY and BRUTON (1973). 

Large collections of macro- and microfossils and sediment samples from 
these expeditions are now housed in the Palaeontological Museum, University 
of Oslo and in the Sedgwick Museum, Cambridge, England. Some of the 
remarkably well preserved fauna has been described and published (see 
reference list) and work is still in progress by scientists from a number of 
countries. Collections in Oslo have been curated by D. L. BRuTON, and the 
following fossil groups distributed to the listed scientists for description. 

Brachiopods (Dr. R. CocKs, British Museum (Nat. Hist.) London). 
Cephalopods (Dr. R. FLOWER, Department of Mines, Socorro, New Mexico, 

USA). 
Chitinozoans (Cand. mag. T. G. BocKELIE, Paleontologisk Museum, Oslo). 
Conodonts (Dr. S. M. BERGSTR6M, Ohio State University, USA and Dr. 

C. BARNES, University of Waterloo, Canada). 
Echinoderms (Cand. real. J. F. BocKELIE, Paleontologisk Museum, Oslo). 
Gastropods and Monoplacophora (Dr. E. YocHELSON, U.S. Geological Survey, 

Washington D. C. USA). 
Graptolites (Dr. R. A. FoRTEY, British Museum (Nat. Hist.) London). 
Radiolaria (Dr. B. K. HoLDSWORTH, University of Keele, England). 
Trilobites (Dr. R. A. FoRTEY, Dr. D. L. BRUTON). 
Vertebrate remains (Cand. mag. T. G. BocKELIE and Dr. R. A. FoRTEY). 
Worm tubes (Cand. mag. T. G. BocKELIE and Dr. E. YocHELSON). 

Other groups still unassigned, include acritarchs, bivalves, bryozoa, scoleco
do nts, sponges, and a variety of microfossil miscellania. 

The predominantly carbonate succession has yielded faunas of Early 
Cambrian and Early Canadian to Whiterock ages. Middle and Late Cambrian 
faunas are absent. The lower part of the succession compares closely with 
other sectiorn in the North Atlantic, which were deposited under shallow water 
and platform conditiom with faunas of "Pacific" type. Black graptolitic lime
stones and shales of the younger part of the succession (Arenig-Llanvirn age) 
contain trilobite> of European aspect which probably represent deep water 
conditions (FoRTEY 1975). 

The rich and varied microfossil residues handled independently by R. A. 
FoRTEY and T. G. BocKELIE, have recently yielded a number of fossil frag
ments, 1-3 mm in length, and thought to belong to an early vertebrate of the 
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dass Heterostraci. All fragments are covered by small scales (25-100 µm), 
lancelate and rhombic in shape (Pl. fig. 1,2). Some of the fragments are sheet
like to slightly curved, while others are spine-Jike (Pl. fig. 1) and are remarkably 
thin (70-100 µm) and fragile. A more complete morphological description of 
the present material has appeared in Nature (BocKELIE and FoRTEY 1976), 
and it is hoped that this will be followed by a detailed histological description 
based on additional material. 
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PLATE 

Scanning electron microscope micrographs of fragments of an early Ordovician vertebrate 
recovered from Valhallfonna Formation, Profilbekken Member, Ny Friesland, Spitsbergen. 

I .  Spine-like fragment with rows of rhomboid scales, XI 75. 

2. Details of scale covering, X300. 

Palaeontological Museum, Oslo: Cat. no. PMO NF.3263/7. 
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A sample of spiders (Araneida) from Svalbard 

Abstract. - Localities and short habitat descriptions are given for the following spiders col
lected on the west coast of Spitsbergen during June andJ uly 1968: Erigone psychrophila Thore li, 
Erigone arctica palaearctica Brændegaard, Collinsia spetsbergensis (Thore li), Hilaira glacialis 
(Thorell), and Lepthyphantes sobrim (Thorell). All the four last species show great tolerances for 
different habitats. 

Jntroduction 

The present material was collected by the first author in connection with 
the activity of Norsk Polarinstitutt in Svalbard during the summer of 1968. 
The collections were made on the west coast of Spitsbergen and on Prins Karls 
Forland. Identification of the species has been performed by the second author. 

Records 

Collinsia spetsbergensis (Thorell). 
- Isfjord Radio. 13 June: 1 o and 1 Q under a piece of tarboard. Flat area 

with Sax�fraga oppositifolia L. 18 June: 4QQ under stanes. 24 June: 1 Q in an 
old nest of Eider (Somateria mollissima (L.)). 23-27 June: 3 oo and 4QQ in a 
pit-fall trap placed on a dry ridge with mosses, lichens and S. oppositifolia. 
- Levinhamna, Prins Karls Forland. 1 July: 1 Q under stone. 2-7 July: 2 oo, 
4 Q Q and 2 juv. in a pit-fall trap placed at the bottom of a 1 m wide, moist 
suppression in the tundra, with rich moss vegetation. 3-7 July: 4 Q Q in a pit
fall trap placed on a dry, mosscovered ridge. - Hermansenøya. 9 July: 1 o, 
1 Q and 1 juv. under stanes. -Near Signehamna, Krossfjorden. 11 July: 1 Q 
under stone, under large bird cliff. Rather rich vegetation due to bird excre
ments. 

Erigone arctica palaearctica Brændegaard. 
- Hermansenøya. 9.July: 1 juv. under stone. -Near Signehamna, Krossfjor

den. 15 J uly: 1 o and 1 Q under stanes, under large hird cliff. Rather rich vegeta
tion. - Gerdøya, Kongsfjorden. 20.July: 1 o and 2QQ under stanes. Moist area 
with rich moss vegetation. - Sigridholmen, Kongsfjorden. 28 .July: 1 o and 
1 juv. under stanes. Sparse vegetation. 

Erigone psychrophila Thorell. 
- On a small isle just in front of a glacier, outside Irgensfjellet on Blom

strandhalvøya. 22 .July: 1 Q under stone. Relatively rich vegetation. 

Hilaira glacialis (Thorell). 
- Signehamna, Krossfjorden. 12 July: 2QQ under stanes. Tundra with 

moss vegetation. - Gerdøya, Kongsfjorden. 20 July: 1 Q under stone. Moist 
area with rich moss vegetation. - Juttaholmen, Kongsfjorden. 21 .July: 1 Q 
and 1 juv. under stanes. Rich grass vegetation. - Blomstrandhalvøya, 
Kongsfjorden. 22 .July: 1 Q under stone, under large bird cliff (Irgensfjellet). 
Rather rich vegetation. 
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Lepthyphantes sobrius (Thorell). 
- Signehamna, Krossfjorden. 12 July: 2QQ under stones. Tundra with 

moss vegetation. 16 July: 3 QQ under stones on dry tundra rich in stones. 
Moss vegetation. - About 2 km W. of Signehamna. 14 July: IQ found on a 
stone in a large, rather homogenous area, consisting almost exclusively of 
stones with a sparse lichen vegetation. - Near Signehamna, Krossfjorden. 
15 July: 2 QQ under stones, under large hird cliff. Rather rich vegetation. 
- Ossian Sars-fjellet, Kongs±jorden. 23 July: 6 Q Q under stones, under large 
hird cliff. Very rich vegetation. 

Discussion 

C. spetsbergensis, which makes up a great part of the material, is evidently 
one of the most common species in many localities. In a study of the spider 
fauna at Kapp Wijk and near Ny Ålesund, this species was often found to be 
dominant (HEGSTAD unpubl.). All the species presented in this paper were 
also recorded by him. The data presented above shows that C. spetsbergensis 
tolerates very different habitats: both dry and moist, and with both poor and 
rich vegetation. Also HEGSTAD (unpubl. ) found great tolerances for variations 
in habitat for this species, as well as for E. arctica. The present records of E. 
arctica includes both rich habitats under hird cliffs and areas with sparse 
vegetation. 

E. psychrophila has been found only on moist areas by HEGSTAD (unpubl.), 
e.g. shore meadow at Kapp Wijk. However, according to HoLM (1958), the 
species may be found also in dry habitats. 

H. glacialis is considered by HOLM ( 1958) to be endemic for Svalbard. Apart 
from E. arctica, he characterizes the species as the most common spider in 
Svalbard, with great tolerance for different ha:bitats. The records from both 
moss-covered tundra and from the rich habitats below hird cliffs support 
HoLM's last conclusion. However, HEGSTAD (unpubl.) found it to prefer 
habitats with rich vegetation. In Tetragonodryadetum associations (Ri:iNNING 
1965), he found it to be the dominant species. 

In this material, L. sobrius is the species recorded from the most varied 
habitats: both from a large "stone desert" with only a sparse lichen vegetation, 
and below hird cliffs in habitats containing the richest soil and vegetation 
that can be found in Svalbard. A corresponding tolerance has been recorded 
by HEGSTAD (unpubl. ). According to SuMMERHAYEs and ELTON (1923), the 
species prefers unstable mountain slopes and demands more space under 
stones than for instance the Erigone and Collinsia species. This is, however, not 
evident from the present study. 

The great habitat tolerance characteristic for at !east four of the five species 
recorded, may be considered as an adaptation to Svalbard conditions. All 
species are active on the soil surface and in vegetation and may encounter 
habitats of different character. Often the Svalbard landscape consists of a 
mosaic of different habitats, of which each may be rather small. The more 
tolerant a species is for such changes, the more successful it will be in establish
ing, and in achieving a large geographical distribution. 
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