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An 8 m long carcass of a bowhead whale (Balaerta mysticetus) melted out from remnant glacier ice in the 
lateral moraine of the Jemelianovbreen glacier in August 1996. Folded and sheared sediment bands in the 
ice suggest that the whale was incorporated during an advance of the glacier. The whale's longitudinal axis 
was oriented parallel to the direction of the ice-flow, with the thinnest posterior part dipping upflow. The 
posterior section was best preserved with muscles and blubber, although the entire skin surface was 
strongly decomposed and only a thick fibrous surface was left of the blubber. The abdominal wall was 
holed, most likely by marine organisms, and partly filled with a compacted mixture of well-sorted gravelly 
beach sediments and fat. The whale seems to have been incorporated into the glacier together with 
glaciomarine sediments and canied by the flowing ice to an altitude of ca. 15 m. Jemelianovbreen is a 
tidewater glacier with two known surge-episodes. The first and most extensive of these occurred ca. 1900 
AD and reached ca. 7 km outside the present coast-line. Radiocarbon dating of a fragment of a caudal 
vertebra yielded 345 i 40 I4C years BP (1535-1660 cal. AD), suggesting that the whale lived some time 
during the last part of the cold period known as the Little Ice Age. 

I .  &me* and E.  Fuglei, Norwegian Polar Institute, Svalbard Division, P.O. Box 505, N-9170 
tongyearbyen, Norway. (*present address: The University Courses on Svalbard, P.O. Box 156, N-9/70 
Longyearbyen, Norway). 
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Introduction 

Remnants of whales stranded on modem beaches 
are commonly observed in the Arctic, and radio- 
carbon dating of fossil whale bones from glacio- 
isostatically raised beaches and from the sedi- 
mentary record constitute an important contribu- 
tion to the Quaternary chronology of Svalbard 
(e.g., Salvigsen 1978; Forman 1990). In August 
1996 a whale carcass melted out from glacier ice 
at the Jemelianovbreen glacier. The 8 m long 
carcass had survived the glacier transport in one 
piece, apparently without significant damage. 
Waves undercutting the ice have formed an 
almost vertical sea-facing cliff, exposing the 
deformation structures within the ice surrounding 
the whale. 

A similar incident was reported from the 
Sveabreen glacier in Nordfjorden, central Spits- 
bergen (Dineley & Garrett 1959). Remnants of a 
whale which was estimated to have been ca. 20 m 
long were found in the lateral moraine together 
with glaciomarine sediments with fossil molluscs. 
Unfortunately, only a brief description occurs 
from this finding (Dineley & Garrett 1959) and 

the whale was never radiocarbon-dated (Dineley, 
pers. c o r n .  1996) (see discussion below). 

The preservation of marine mammals in glacier 
ice is unusual. In the Jemelianovbreen findings, 
not only fossil bones but also flesh and muscles 
were preserved. In this paper we describe the 
geological and biological field observations and 
discuss the possible course of events, leading to 
the incorporation of the dead whale into the lateral 
moraine, and the timing of this episode. 

Geological setting 

The Jemelianovbreen glacier is a tidewater glacier 
located on the eastern coast of Spitsbergen (Fig. 
1). The glacier has a total area of 95 h2, 
including the small tributary glacier Spaelbreen 
(Lefauconnier & Hagen 1991). Its frontal part is 
surrounded and underlain by Cretaceous to 
Tertiary bedrock (Dallmann et al. 1993), and the 
mountains south and north of the ice front reach 
an altitude of 5 0 M 0 0 m  (Fig. 1). In 1990 the 
calving tidewater front was 4 km wide across the 
fjord basin; however, its position and shape have 
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2000 - known position was mapped by the Vasiliev 
expedition in 1898-1902 (Vasiliev et al. 1907) 
and showed an ice-front position in 1900 which 
reached almost 7 km further east compared to the 
present coast-line (Fig. 1). The characteristic 
convex profile of the glacier in plan-view 
indicates that a glacial surge probably took place 
some few years before the expedition reached the 
area. Another surge occurred in 1971, reaching a 
position slightly more extended than seen on 
photographs from 1976 (see Fig. 1). 

- 
1980 - - 
1960 * 

- 
1940 - 

1920 - 
- 

- 

I I l b l  I 

I I 30' 
15' 24' 

\ 

Fig. 1. The frontal part of the Jemelianovbreen glacier, eastern coast of Spitsbergen (see inset map). The position of the floating 
tidewater ice front in 1976 (Landsat image) is shown, as well as older known ice front positions from the period 1900 to 1990 (from 
Lefauconnier & Hagen 1991, including the ice front position in 1990, as seen from aerial photograph S90 4037, Norsk 
Polarinstitutt). 

Description 1900 f i  
0 2 4 6  8 km 

The whale carcass 

The whale was positioned in the south- 
ernmost part Of Jemelianovbreen basin' 'lose 
to the foot of the 541 m high Schonrockfjellet 
mountain. It was exposed in a vertical coastal ice- 

Fig. 2. Ice front movement curve (profile A-A' in Fig. 1) 
showing fluctuations of the floating tidewater front of the 
Jemelianovbreen glacier. Two surges are recorded, ca. 1900 
(the maximum extent of this was mapped by the Vasiliev- 
expedition 1898-1902) and a second surge in 1971-1972 
(Hagen et al. 1993). 
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'ig 3. A. Sketch from photographic mosaic, showing the 
utermost part of the southern lateral moraine at the foot of the 
41 m high Cretaceous to Tertiary Schonrockfjellet mountain 

(ice-flow was to the left). Foliation structures within the steep 
ice-cliff are clearly seen, with the positions of the whale within 
the ice (hatched) and after melting out and dropping to the 
beach zone (black). B. Sketch from a photo taken from a 
helicopter, showing the deformation structures in the ice, 
surrounding the 8 m long carcass. C. The whale is inferred to 
have slipped from the ice in three steps (I, I1 and HI), thereby 
suffering only minor damage. 



12 I .  O n n e  & E. Fuglei 

Fig. 4. A. Detail showing the 
shear planes surrounding the 
whale (here in position 11, cf. 
Fig. 3C). Channelised 
meltwater rivulets close to its 
posterior have caused this part 
to be released first (photo taken 
from helicopter) B. Close-up of 
the carcass (photo taken from 
the beach), showing the large 
tear and gravel-filled interior 
(photographs by V. Bakken). 

cliff, 15 m a.s.1. (Fig. 1). Folded and sheared ice 
with diamictic sediment bands, both .in the ice- 
cliff and in plan-view, show that this ice was 
formed by active glacier movement and thus 
morphologically represents a lateral moraine (Fig. 
3A). 

A few days before we arrived at the study area, 
the whale had been photographed from a heli- 
copter while still partly embedded in the ice. At 
that time, the posterior part had melted out from 
the ice and the carcass hung from its anterior (Fig. 
4A). When we arrived at the study area the whale 
had melted totally out of the ice and had slid down 
to the beach, evidently due to undercutting by 

meltwater rivulets on the ice surface. Remnants of 
skin tissue and some brownish colouring of the ice 
(Fig. 3B) indicated the whale’s original position. 
A three-step release from the ice, including two 
rotational movements has been reconstructed 
(positions 1-111, Fig. 3C). The whale had origin- 
ally been oriented parallel with the relatively 
steep and curved flow lines as seen in the ice in 
Figs. 3B and 4A, with the thinnest, posterior part 
dipping upflow (position I, Fig. 3C). 

As the mouth region was partly missing and 
hidden under the carcass, the species could not be 
determined in the field. However, the size of the 
head compared to the length of the body and the 
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Fig. 5. A. The 8 m long whale 
carcass on the beach. Note the 
preserved tail-part, holed and 
tom abdominal cavity and 
anterior part of the body. Frame 
shows location of closeup in 
Fig. 5B. B. Detail from the 
punctured gravel-filled 
abdominal cavity (see also 
roundness samples in Fig. 7B). 
The photograph also shows the 
red-brownish fibrous surface 
and remnants of 
gastrointestinal organs. 

lack of a caudal fin, indicated a baleen whale. 
This assumption was supported by an analysis of 
muscle tissue which showed the characteristic 
DNA sequence of a bowhead whale (Balaena 
mystzcetus) (C. Bendixen, pers. comm.). The 
bowhead whale calves are 4-4.5m long at birth 
and adults are from 11-20m long (Reeves & 
Leatherwood 1989). The preserved tale-fluke and 
one orbit in the head (eye or ear?) suggest that the 
8 m length measured in the field could be close to 
the full length of the animal. Although no tongue 
was found in the carcass, the characteristic large 
tongue of this species (up to 5.5 m long and 3 m 
wide on adults, Reeves & Leatherwood 1989) 

would have increased the total length of the 
carcass. 

The skin surface and blubber of the whale were 
highly decomposed, leaving a 9-19 cm thick 
compact fibrous crust covered by up to 1Ocm 
long fibrous threads (Figs. 5A and B). The 
posterior part was best preserved, with both 
muscles and some blubber intact. Polar bears 
(Ursus maritimus) had been observed at the site 
few days before we arrived (V. Bakken, pers. 
comm. 1996), but only minor pieces of bones and 
skin were observed scattered around on the beach. 
Two minor tears, one in the posterior and the 
other in the anterior part, may have formed as the 
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Fig. 6. A. Detail from a sediment band in the glacier ice, 
showing unsorted clast-bearing diamictic debris, with well- 
developed clast orientation (disc-shaped clash) parallel with 
the foliation structures within the ice and with upflow 
imbrication (scale is 20cm). B. Grain-size distribution curve 
from diamictic sediments in shear planes (solid line). For 
comparison two samples from glaciers above the marine limit 
(stippled and dotted line, see text for discussion) are also 
shown. 

body broke away from the glacier, as suggested by 
the tissue remnants in the ice-cliff (Fig. 3B). The 
largest tear (Fig. 4), which started at the dorsal 
part on the abdominal cavity and continued to the 
ventral side leaving part of the abdominal cavity 
open (probably with origin in the weaker mouth- 
area), must have formed prior to glacial transport. 

The abdominal wall was holed. Amphipods will 
normally break down carcasses rapidly in shallow 
water, although remnants of partly-preserved 
gastrointestinal organs indicate that this process 
was interrupted. The cavity was filled with a 
compact mixture of well-sorted gravel and fat as 
well as remnants of abdominal organs (Fig. 5B). 
The clast roundness of the gravel was measured 
using the Krumbein (1941) reference scale with 

10 classes (Fig. 7C). Three grain-size fractions 
were chosen, 8-16 mm, 4-8 mm and 2-4 mm, and 
the histograms clearly suggest a normal distribu- 
tion with an average from the three fractions of 
0.56, 0.58 and 0.54, respectively (Fig. 7B). 

Radiocarbon dating 

The radiocarbon dating method (see Gulliksen 
1980) was used for age determination, and a 
caudal vertebra was radiocarbon dated to 
345 * 40 14C yrs BP (T-12701). Calibration of 
this age, using the curve from Stuiver & Reimer 
(1993), yielded an age of 1535-1660 cal. AD. 

Southern lateral moraine 

The southern part of the southern lateral moraine 
reaches 4 6 6 0  m altitude along the coastline (with 
an increasing gradient inland). The whale was 
found in a lee-side position compared to the main 
valley walls, ca. 130m from the southernmost 
limit of the moraine (see Fig. 3A). Oblique aerial 
photographs from 1936 (2493, Norwegian Polar 
Institute) clearly show that longitudinal sediment 
bands and shear planes within this topographically 
highest and inferred oldest part of the lateral 
moraine, curve southwards around the foot of the 
Schonrockfjellet mountain. They thus must have 
formed while the ice-front was located far outside 
the present coast-line. As shown by the former 
ice-front positions in Fig. 1, the last surge episode 
(maximum extent was close to the 1976-position) 
did not include the southernmost 1.3 km broad, 
triangular comer of the ice-front. This area has 
been inactive since ca. 1900 but has undergone 
some downwasting with the development of a 
lateral moraine. 

A very thin debris layer covers the glacier ice in 
this part of the lateral moraine, accumulated as a 
result of the melting out of sediment bands in the 
ice, together with some input of scree deposits 
from the bedrock slopes as shown by a wedge of 
rock-fall debris onlapping the moraine (Fig. 3A). 
The southernmost 1 km of the moraine is undercut 
by waves, and the sediments which melt out are 
continuously being removed. The sediment cover 
is also being reworked by small rivulets of 
flowing water, both from the melting of ice and 
from the Schonrockfjellet mountain. 

The main parts of this lateral moraine correlate 
with the ice-front mapped by Vasiliev et al. (1907, 
Fig. 1). However, the radiocarbon age of the carcass 
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Fig. 7. Laboratory analyses of roundness. A. Three classes of bedrock clasts from diamictic sediment band in the glacier ice. B. 
Clasts from sorted gravel filling the whale carcass. C. Reference scheme (after Krumbein, 1941), with 10 classes. D. Three samples 
from lateral moraines at Nordenskioldland (see text for discussion). N = 100 for all samples except in Fig. A, >8 mm. 

indicate that older ice might be present (see 
discussion below). Based on the curvature of 
present ice-flow structures as seen on old photo- 
graphs (36-2492, Norwegian Polar Institute), we 
suggest a slightly more extended position to the 
south (ca. 1 km as indicated in Fig. 1) compared to 
the one mapped by Vasiliev (either due to incorrect 
mapping or because the ice-front in 1900 had broken 
up compared to its maximum position). 

The vertical ice cliff exposes internal deforma- 
tion structures (Fig. 3A) with steeply folded ice in 
the area where the carcass was incorporated (Figs. 
3B and 4A) and a larger thrust-plane 100-150m 

further north (up-flow) where the truncation of 
fold structures clearly shows an offset of several 
metres (Fig. 3A). Numerous up-flow dipping 
sediment-bands and sediment rich shear-zones 
are seen along the exposed ice-cliff and appear to 
continue to the top of the moraine, 40-60 m a d .  
A detail from one of these sediment bands (Fig. 
6A) shows a dominance of disc-shaped clasts (due 
to the shaley bedrock) with upflow imbrication. 

Grain size analysis from this sediment (Fig. 6B) 
shows an unsorted, silty diamicton with a slightly 
bimodal grain-size distribution. Two sources are 
suggested for the high silt content: erosion of the 
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shaley Cretaceous bedrock and entrainment of 
glaciomarine sediments. Two samples from a 
valley glacier at Nordenskioldland (LGnne & 
Lysai, unpublished) are shown in the same 
diagram (Fig. 6B). This glacier erodes in Tertiary 
bedrock and these two samples are from lateral 
moraines formed well above the marine limit and 
thus exclusively comprise subglacially sorted 
debris. They display a bimodal distribution similar 
to the Jemelianovbreen sample. 

Clast roundness from this shear-band diamicton 
(Fig. 6A) was measured using the same three 
grain-size fractions as the sample from the 
whale’s abdominal cavity. An average of 0.45, 
0.49 and 0.48 was obtained for the three classes 
(see Fig. 7A). In comparison, three roundness 
samples from two valley glaciers on Nordens- 
kioldland are shown. Despite the different clast 
size fraction measured on these samples 
(16-32mm), the average is 0.41, 0.41 and 0.39 
(Fig. 7D). These consistent roundness values from 
diamicton (0.39-0.49) differ from the higher 
roundness values of the gravel which fills the 
whale carcass (0.540.58), suggesting that the 
well-rounded sediment in the whale carcass 
originated from a beach, most likely having been 
washed in by strong waves. As shown in Fig. 4 
this gravel was filled in prior to the glacial 
transport. We conclude that the carcass must have 
been lying on the beach or in shallow water when 
it was overridden by the glacier. 

Findings of black-coloured baleens in a sedi- 
ment band in the ice, 2 m a.s.1. and 60 m south of 
the carcass site (Fig. 3A) as well as other whale 
bones, shell fragments, and a walrus tooth in these 
sediment bands, clearly demonstrates that large 
volumes of glaciomarine sediments have been 
incorporated into the ice by subglacial compres- 
sive shear. 

Discussion 

Decomposition of the skin surface and blubber, 
the penetration of the abdominal cavity and some 
major tearing, were clearly visible while the 
whale was still embedded in the ice (Fig. 4), and 
must therefore have formed before, the whale was 
entrained by the advancing glacier. We conclude 
that the carcass was picked up from the beach or 
shallow water, also supported by finds of well- 
rounded gravel in the abdominal cavity. A carcass 

lying on the beach would quickly have been 
preyed upon by carnivores such as the arctic fox 
(Alopex lagopus) and polar bear (Chesemore 
1968; Hansson et al. 1990). If the whale stranded 
in shallow water, it would have been protected 
from carnivores but subject to immediate attack 
by amphipods. The partly preserved gastrointest- 
inal organs and blubber indicate that the carcass 
must have been incorporated into the glacier 
shortly after death. Right whales (Balaenidae) 
have a thick crust of blubber, and they are filled 
with natural gasses when they die, making the 
carcasses float. Since the posterior section of this 
whale was better preserved, this part may have 
been covered (by ice, snow, sediments andor ice- 
bergdglacier ice) and thus protected from pre- 
dators and wave erosion. We conclude that some 
of the minor tears in the tale and mouth areas 
occurred as the carcass was melting out from the 
ice (Fig. 3C). 

Only minor damage seems to have occurred 
during the glacial transport (except for larger 
bones being broken). An old carcass melting out 
from snow or ice would thaw and deform more 
readily than a relatively fresh carcass, due to 
putrefaction. It is thus most likely that this 
relatively well-preserved carcass was found in 
ice which was active at the time when the carcass 
was entrained from the beach or shallow sea. 
Even if also other species of baleen whales have 
dark baleens (Ridgeway & Hanison 1989), the 
baleen found 60 m south of the carcass most likely 
originates from the same individual, thus support- 
ing the idea that the whale remnants and the ice 
have the same age. 

The reported age of 345 * 40 I4C years BP 
includes a standard marine reservoir correction of 
age of -440 years. In the calibrated age, a 
reservoir correction for the Svalbard region of 
-550 is used (cf. Mangerud & Gulliksen 1975). 
Recent results from the Canadian Arctic (Dyke et 
al. 1996) suggest that the carbon in bowhead 
collagen appears to derive from the zooplancton 
food rather than from marine bicarbonate, thus, a 
reservoir age of -200 could be more correct. 
These data remain to be verified from other areas. 
However, we consider the reported age to be a 
minimum age. 

Two models are discussed in this paper for the 
presence of ca. 350 I4C year-old glacier ice along 
the margin of Jemelianovbreen basin: (1) The ice 
became part of a lateral moraine at the foot of 
Schonrockfjellet ca. 350 years ago, has been 
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protected against melting by a debris cover, and 
also survived the most extensive surge around 
1900. (2) The whale was entrapped in glacier ice 
further west in the basin 345 years ago. Due to 
vertical thinning of the glacier, the ice along the 
basin margins developed into a lateral moraine, 
and this ice, containing the whale carcass, was 
further reactivated during the surge of 1900 AD 
and displaced to its present position. 

Today, the southernmost part of the lateral 
moraine is 40-60m high. The distance from the 
foot of the mountain to the present ice-cliff which 
is constantly being abraded by the sea, is 
estimated roughly to a maximum of a few tens 
of metres. There are no known ice front advances 
which could have activated this ice after 1900 
AD, which means that the ice is at least 90 years 
old. This remnant ice is rapidly decreasing in size 
during the present climate, and in a few decades it 
will most likely have melted. We therefore 
consider the preservation potential for ice-rem- 
nants along the east-facing foot of the Schon- 
rockfjellet to be relatively low, probably lasting in 
the order of 100 years with the present climate, 
and a little longer with a slightly colder climate. 

The model 2 alternative, that this ice was part 
of a lateral moraine along the north-facing side of 
the Jemelianovbreen basin, would imply a higher 
preservation potential of the ice due to lower 
insolation and the lack of marine abrasion. Such 
an ice remnant would easily be reactivated with 
growth of the Jemelianovbreen glacier and east- 
ward advance into the marine embayment. We 
find the last model most attractive, although we 
cannot exclude the first one. 

Because the whale stranded on a beach, the 
glacier had a smaller extent than present. Further, 
the whale is clearly transported out of the basin by 
a glacier with an extent of similar scale as the 
1900 AD advance. We have evidence for glacier 
advancement over a soft, deformable substrate, 
and compressive shear movement with relatively 
large volumes of glaciomarine sediment incorpo- 
rated into the ice. This indicates a glacier which is 
not frozen to its bed. The radiocarbon dating 
suggests that the whale was incorporated some 
time during the Little Ice Age period. A stable 
isotopic record from a 200 rn long ice core from 
the Lomonosov ice plateau in east-central Sval- 
bard (Gordiyenko et al. 1980) showed two cold 
periods, one between 1200 and 1500 cal. AD and 
the second between 1700 and 1900 cal. AD. 
Similar results were obtained from sediment cores 

from the lake Linnevannet at the west coast of 
Svalbard, showing that the first cold period 
culminated ca. 1400 cal. AD and the second 
occurred after 1500 cal. AD (Svendsen & 
Mangerud 1997). It is well known that tidewater 
glacier termini may vary, unrelated to climatic 
changes (Mercher 1961; Mann 1986), however, 
we also know that two surge episodes have 
occurred in this glacial basin. Most surges, but 
not all, seem to occur at regular intervals 
(Paterson 1994). Jemelianovbreen may have a 
surging period of ca. 80 years, which means 4-5 
times during the last ca. 350 years. The last surge 
in 1971 did not include the entire width of the ice 
front; the southernmost comer was left inactive. A 
surge may also reactivate stagnant ice (see 
Raymond et al. 1987). We have no conclusive 
evidence that the advance episode which en- 
tombed the whale carcass was a surge, but its not 
unlikely. During a surge, the ice will move as a 
block, gliding on the bed, but compression will 
occur at the front. 

Interestingly, a similar story was reported by 
Dineley & Garrett (1959). Remains of a whale, 
with bones, flesh and skin partly preserved, were 
found in the ice-cored moraine of the Sveabreen 
glacier in Ekmanfjorden at Svalbard (see Fig. 1, 
inset map). The frontal part of the whale was 
missing, but it’s original length was estimated to 
more than 20m. It was found together with the 
thermophilous mollusc Mytilus edulis, which is 
extinct in the Svalbard region today. Sveabreen is 
also a tidewater glacier, but no surge-activity has 
been documented (Hagen et al. 1993). Based on 
the presence of Mytitus, Dineley & Garrett (1959) 
concluded that the whale was incorporated during 
an ice front advance some time during the last 
climatic optimum which was inferred to be ca. 
2500 years BP. Recent investigations suggest that 
Mytilus was present on Svalbard from 9500 to 
3500 14C BP and probably reappeared shortly 
around 1000 years BP (Salvigsen et al. 1992). 
Alternatively, Mytilus in Sveabreen was reworked 
from the sea floor or older beach sediments, and 
the ice-front advance was much younger. 

Conclusion 

The partly decomposed carcass of an 8 m  long 
bowhead whale was entrained into the Jemelia- 
novbreen glacier from the beach or shallow water 
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during an advance episode. The whale was lifted 
15 m above present sea level. Diamictic sediment 
bands including remnants of different marine 
organisms were found in this lateral moraine up 
to 40-60 m a.s.l., suggesting that a relatively large 
volume of unconsolidated glaciomarine sediments 
were actively sheared into the glacier. Radio- 
carbon-dating yields 345 * 40 I4C years BP 
(1535-1660 cal. AD), suggesting that this ice 
front advance took place during the last part of the 
Little Ice Age cold period. 
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