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Introduction
The w orld’s largest fjord system , Scoresby Sund, 
is located centrally along the E ast G reenland coast 
between 70°-72°N and 20°-28°W. It com prises the 
shallow Scoresby Sund and H all B redning and a 
num ber o f deep and narrow  fjords extending far 
inland (Fig. 1). Three d ifferen t main geological 
units surround this fjord system . The w esternm ost 
block includes the Precam brian and Caledonian 
m etam orphics which m ake up m ost o f  M ilne Land,

Renland and Scoresby Land (Larsen 1984; Fig. 1). 
During the M esozoic rift phase (Perm ian to Juras­
sic) a deep sedim ent basin (Jam eson Land) was 
form ed which is separated from the eastern (L iver­
pool Land) and w estern m etam orphics by a set o f 
normal faults (Surlyk & Clem m esen 1983; Surlyk 
et al. 1983). The w estern N N E-SSW  striking fault 
system is proposed to extend into H all Bredning 
(Larsen 1984).

The area south o f Scoresby Sund, the G eikie 
P lateau, is covered by at least 2 ,000 m o f  early

watergun seismic

Fig. 1. M ap o f  investigated  areas in Scoresby Sund. Shaded area = airgun seism ics, hatched area  
watergun seism ics.
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Tertiary basalts (Larsen 1984) which resu lt from 
the p rom inen t N orth  A tlantic Thule volcanism  
(Larsen & W att 1985). Those Paleogene basalts 
probably covered parts o f  M ilne Land and Jam e­
son Land as w ell, even if  to a m inor degree (Larsen 
1984; Larsen & W att 1985) but have clearly  been 
eroded. This erosion continued stratigraphically 
much farther down into the underlying M esozoic 
sedim ents (Larsen 1984).

In the N eogene a m ajor eastw ard flow ing river 
system  took up the position o f the present Scores­
by Sund and transported  the erosional detritus 
from  the c ry sta llin e  basem ent in the w est and 
Jam eson L and tow ards the east (Larsen 1984).

The Q uaternary in the Scoresby Sund region was 
generally  a period o f  erosion, except for the valley 
m ouths, high m ountain plateaus and the coast of 
Jam eson Land w here thick deposits are preserved 
(Funder 1990). Several g lacial-interglacial cycles 
characterize the d istribution  o f  Q uaternary sedi­
m ents. The o ldest sedim ents (Lodin Elv form a­
tion) found on land are o f P liocene/Pleistocene 
age. The Scoresby Sund G laciation docum ents the 
m ost ex p an d ed  g lac ia tio n  around  200 ,000  BP 
(Funder 1972, 1984, 1989).

Sedim ents deposited during the Langelandselv 
In terglacial (Eem ian/Sangam onian, 120,000 BP, 
Funder 1990) have so far been found only along 
the SW  coast o f  Jam eson  Land. A ccording to 
Funder (1989) the early/m iddle W eichselian/W is- 
consin G lacial show ed no glaciation o f  the outer 
eastern fjord areas.

D uring the F lakkerhuk G lacial (Late W eichse- 
lian/W isconsin according to Funder 1990) a fjord 
g lac ier extended onto the shelf w hile Jam eson 
Land stayed uncovered by ice. A long the south 
coast o f  Jam eson Land a lateral m oraine can be 
observed (Funder 1972). Funder (1989) suggested 
a floating g lacier in Scoresby Sund, grounded 
only on the shallow  shelf. The Flakkerhuk glaci­
ation has been redefined to be an Early W eichse- 
lian glaciation  and the Late W eichselian glaciation 
is nam ed “G laciation  4 ” (Funder et al. 1991, this 
volume).

The M ilne Land Stage (11,000-9,500 BP) repre­
sents a period when thick glaciers term inated at 
the m ouths o f  the w estern fjords into Hall Bred- 
ning (H jort 1979). A fter a continous retreat o f the 
glaciers a standstill follow ed during the R 0defjord 
Stage (Funder 1971). The end o f this phase resem ­
bles the ice extension at present.

But, w hile the glacial history has been investi­
gated in tensively on land, little is known about the 
sedim ent d istribution and the Q uaternary develop­
m ent in the m arine environm ent. The glacial evol­
ution can g ive detailed inform ation on the clim atic 
variations during that period. In order to gather 
those inform ations, which is the objective o f the 
European PO N A M  project, we first need to deter­
m ine th ickness and d istribu tion  o f  Q uaternary

sedim ents in the Scoresby Sund area. To infer the 
actual expansion o f  the glaciers we need to map 
the  ex ten s io n  o f  su b a e ria l m ora ines in to  the 
m arine environm ent.

Thus, the A lfred-W egener-Institute for Polar and 
M arine R esearch together w ith the Renard Centre 
o f  M arine G eology carried  ou t a reflection seism ic 
survey as part o f the PO N A M  project in Scoresby 
Sund in late sum m er 1990. The general sedim ent 
d istribution, especially  o f Q uaternary sedim ents 
near river m ouths and in front o f glaciers and the 
extension o f  a few m oraines w ere to be mapped. 
P relim inary results will be discussed here.

Data acquisition
Two different seism ic sources were used to solve 
the slightly  d ifferent problem s. To develop an idea 
on the general sedim ent distribution a tuned airgun 
array o f 2 0 .2  liters total volum e was used allowing 
a deeper penetration. The main frequency o f the 
transm itted signal was around 70 Hz theoretically 
resulting in a seism ic resolution o f  layers thicker 
than 12 m. Shots were fired every 15 s correspond­
ing to a shot distance o f 37 m (5 kn sh ip ’s speed).

A more detailed m apping o f Q uaternary sedi­
m ents require a h igher resolution. Thus, an 0.25 
liter w atergun was used, leading to higher fre­
quency signals (around 140 Hz) and a theoretical 
resolution o f 6  m. A shooting intervall of 3 s led 
to a shot distance o f  7.5 m.

Together with the airgun array a 600 m long 
stream er (200 m lead-in cable, 24 channels) was 
used. A 100 m stream er (37 m lead-in cable, 12 
channels) was em ployed in com bination with the 
watergun.

R ecording and storage was perform ed by an 
EG&G G eom etries ES 2420 m ultichannel digital 
reco rd ing  system . P o sition ing  w as carried  out 
using GPS (G lobal Positioning System) assisted 
by the on-board INDAS (Transit Satellite) system.

Discussion of observations
The Hall B redning and and m ore easterly  parts of 
Scoresby Sund were investigated using the airgun 
array as a seism ic source (Fig. 1, shaded area). 
Here, inform ation on the general sedim ent dis­
tribution and on the continuation o f the western 
fault system  bordering Jam eson Land were to be 
gathered. The o lder sedim ents will be discussed 
elsew here (M iller et al. in prep.) and only the

Fig. 2. Common o ffset section o f  line AW I-90550. 
This airgun-line crosses the central part o f  Hall 
Bredning fro m  West to East.
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Fig. 3. Location o f  watergun-profiles in Vikingebugt and near the southw estern coast o f  Jam eson Land.

Q uaternary deposits shall be dealt with in this 
paper.

Fig. 2 displays line AW I-90550 as an exam ple 
o f the data, crossing Hall B redning from W est to 
East. A strong reflector can be identified, som e­
tim es up to 100 ms TW T (corresponding to 80 m 
assum ing a seism ic velocity o f  1600 m/s) below 
seafloor, m ore often  reaching up to seafloor. We 
suggest that this reflector represents the top o f the 
M esozoic sed im en tary  rocks. The sedim entary 
rocks show only few internal reflections indicat­
ing rather sm all im pedance contrasts beneath the 
reflector, w hich m ight be due to well consolidated 
m aterial.

A continous layer on top o f this reflector could 
not be detected. This is true for the whole set of 
lines. D eposits o f  probably younger age were only 
observed at a few locations (Fig. 2). Those pockets 
are up to 50 ms TW T thick and are mainly found 
in the w estern Hall Bredning: at the bottom o f a 
deep N-S striking channel and w est o f it.

In order to get an idea on the sedim entation in 
front o f a g lacier term inus and the distribution of 
sedim ents in front o f  creeks, several profiles were 
shot with a high shooting rate with the high-resol- 
ution w atergun in front o f the B redegletscher (V ik­
ingebugt) and near the m ouths o f A ucellaelv and 
Langelandsclv on southern Jam eson Land (Fig. 1, 
hatched areas; F ig. 3).

The lines in the V ikingebugt area display at least 
two distinguishable layers. The top o f  the lower 
layer is marked by a strong reflector. D irectly in 
front o f the g lacier this reflector form s a basin 
(Fig. 4) w ith a hum m ocky reflector appearance. 
The m aterial beneath this reflector appears well 
conso lidated , show ing only few  internal struc­
tures. Several hundred ms TW T below this reflec­
tor an o th er reflec tion  m ight be suspected . We 
propose that this reflector constitutes an o lder g la­
cier-generated erosion surface cut into the M eso­
zoic sedim ents, and that the upper layer consists 
o f loose Q uaternary deposits.
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Fig. 5. C entral part o f  watergun-line AW I-90561 showing the set o f  m oraines stuck onto each other at the 
northern end  o f  the basin.

1 4 4



LUNDQUA R eport vol 33, 1991

In central V ikingcbugt this reflecto r rises alm ost 
to seafloor (Fig. 4 ). A mound can be observed at 
the northern boundary o f  this basin. The mound 
seem s to be built-up o f a t least three sedim ent 
lenses which show d istinct base reflectors whose 
dips decrease w ith depth  (Fig. 5), i.e. the low est 
is flatlying w hereas the base reflecto r o f the top 
lense is strongly inclined. T he base reflectors are 
truncated at the top o f the m ound, indicating ero­
sion. Those observations lead to the interpretation 
o f the lenses as end m oraines, representing d iffer­
ent stages o f glaciation. We in fer that the lowest 
m oraine was deposited first and that the upperm ost 
m oraine docum ents the youngest glaciation.

The lines AW I-90560, -90561, -90562, -90567 
and -90568 (see Fig. 3 for location) docum ent that 
the set o f m oraines extends into Scoresby Sund, 
form ing a kind o f fan, while no indications for a 
m oraine can be found on line AW I-90569. North 
o f the m oraines the low er reflector parallelis the 
seafloor.

The observed upper layer fills up the basin in 
front o f the g lacier (Fig. 4). Its th ickness inceases 
towards the glacier (m axim um  thickness around 
250 ms TW T). Very faint subparallel reflectors can 
generally be observed, indicating a low sedim en­
tation rate after basin form ation. Thus, we suggest 
that those sedim ents have been deposited after the 
latest glacial retreat. A beautiful pattern o f ro ta­
tional slum ps was observed at the sea bed directly 
in front o f the glacier, indicating poorly consoli­
dated m aterial.

This layer o f recent sedim ents w as found to thin 
out tow ards the set o f  m oraines. N orth o f  the m o­
raines the layer reappears, now show ing a  contin- 
ous thickness o f 20 m s TWT. We presum e that the 
sedim ents consist o f  glaciofluvial m aterial trans­
ported by m eltw ater from the g lacier sole.

L ine AW I-90569 was shot across Scoresby Sund 
(Fig. 3). Again, a basin can be observed in front 
o f  the south coast w hich, how ever, is no t as deep 
and large as in V ikingebugt (Fig. 6 ). N o end- or 
lateral m oraines w ere found. Instead, we observed 
several step faults w ith displacem ents o f 20  ms 
TW T to 50 ms TWT. Those step faults may be the 
surface expression o f a fault system  separating the 
sedim ent basin o f  Jam eson Land in the N orth from 
the volcanic G eikie Plateau in the South.

Larsen (1984) described a transform  zone, the 
Scoresby Sund Fracture Zone, located at or just 
south o f the m outh o f  Scoresby Sund which sep­
arated two d ifferent tectonic provinces o ff the East 
G reenland C ontinental M argin. We suggest that 
this fault system  extends into Scoresby Sund at 
least as far as V ikingebugt. Indications for a w est­
ward continuation o f  those faults w ere found on 
reflection seism ic lines shot east o f  D anm ark 0  
(M iller et al. in prep.).

The central part o f line AW I-90569 reveals a 
zone where penetration suddenly am ounts to about 
100-200 ms TW T below  seafloor. T his zone shows 
internal reflectors wedging out v ia an erosional 
truncation  in the  no rth ern  cen tra l p a rt o f  the 
profile. In the northern part o f  the profile  the in­

S coresby Sund AW I-90569 1 km

NE-SW

Fig. 6. Southern p art o f  w atergun-line AW I-90569 showing the basin in fro n t o f  the south coast and a set 
o f step fau lts .
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ternal reflectors have vanished. Two sites here 
(A ucellaelv  and L angelandselv) were, am ongst 
o thers, selected by the terrestrial PONAM  groups 
coordinated by S. Funder, C. H jort and J. Landvik. 
The objective w as to look for delta deposits that 
are presently  deposited in front o f the rivers or that

had form ed during low er sea level stands, in order 
to m ake a com parison w ith a series o f  raised deltas 
o f  presum ed E arly  W eichselian  age  that were 
identified on land (Funder, personal com m unica­
tion). However, near the m ouths o f A ucellaelv and 
L an g e lan d se lv , no lo o se  Q u atern ary  deposits

Fig. 7a. W atergun-lines AW I-90572 (a) and -90575 (b) near the southw estern coast o f  Jam eson Land.
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could be observed. This is true for the w hole set 
of lines shot in this area (Fig. 7). It is not possible 
to identify different layers. We did not even ob­
serve pockets filled w ith d ifferent m aterial resem ­
b l in g  th o s e  in  w e s te r n  H a ll  B re d n in g .  
O ccasionally southeast-w ards inclined reflectors 
can be suspected (Fig. 7).

Young deposits, if  they occur, are obviously 
below our resolution (thickness 6  m) and the ob­
served  in d is tin c t s tru c tu re s  a re  p ro b ab ly  o ld  
(M esozoic). Those th ickness constrain ts would 
give sedim entation rates o f 7.5 cm /103 yr if the 
Scoresby Sund/Illinoian G lacial was assum ed to 
represent the last full glaciation during which the 
glaciers eroded all sedim ents in Scoresby Sund 
(Funder 1989). P. M arienfeld (this volum e) ob­
served sedim entation rates o f 30 cm /103 yr for the 
last 10,000 years. Taking into account that the 
period Eem -W eicheselian-H olocene includes an 
interglacial-glacial-interglacial cycle w ith a sug­

gested floating g lacier during the late W eichse- 
lian/Flakkerhuk G lacial (Funder 1989) we would 
expect deposition  ra ther than erosion  w ith se­
dim entation rates sim ilar to those of the H olocene. 
Some 10.000 years o f sedim entation w ould result 
in a sedim ent cover w hich is obviously  not ex ist­
ing. So, for the F lakkerhuk G laciation  we suggest 
a glacier with ground contact, thus actively erod­
ing in Scoresby Sund (see also  D ow desw ell et al., 
this volume).

N either could an extension o f  the Flakkerhuk 
m oraine be observed, thus the originating glacier 
probably reached up to the present-day shoreline 
o f Jam eson Land.

A part from very sm all deltas, the river systems 
o f southw estern Jam eson Land do not extend far 
into Scoresby Sund. N o indications o f delta sys­
tems could be found, not even in w ater depths 
down to 10 m (the Langelandselv area). We specu­
late that the rivers on southw estern Jam eson Land

®  NE-SW Langelandselv AWI-90575 1 km
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are o f  H olocene age and transport little material. 
Furtherm ore, this m aterial may be caught up by 
longshore curren ts and deposited parallel to the 
coast and not perpendicular.

Conclusions
The tigh t grid  o f  reflection seism ic data gathered 
in Hall B redning, Scoresby Sund and Vikingebugt 
gives a good opportunity  to map the distribution 
o f Q uaternary sedim ents.

In terpretation o f the airgun seism ics give thick­
nesses o f Q uaternary sedim ents in Hall Bredning 
and Scoresby Sund less than 12 m (seism ic resol­
ution o f  airgun array). O nly in western Hall B red­
ning a few  pockets filled  with supposedly young 
m aterial could be observed on top o f  well consoli­
dated probably M esozoic sedim entary rocks.

In V ikingebugt younger m aterial could be ob­
served on top o f the ubiquitous strong reflector 
that is in terpreted  as the top o f the M esozoic se­
dim entary rocks o f the Jam eson Land basin. A well 
developed set o f m oraines can be found at the 
northern end o f  this g lacier basin. The different 
m oraines obviously docum ent d ifferent stages of 
the deglaciation . This set o f m oraines extends 2 to 
3 km into Scoresby Sund.

In the southern central part o f Scoresby Sund 
indications for a deep reaching fault system was 
observ ed  w hich m igh t te rm in a te  the  northern 
M esozoic rift basin.

C lose to the co as t o f southw estern  Jam eson 
Land only well consolidated sedim ents are found. 
The cover o f Q uaternary sedim ents is thinner than 
6  m (seism ic resolution o f  watergun), thus indicat­
ing a very low rate o f  deposition and/or erosion. 
O ur observations seem to exclude a floating g la ­
cier during the last glacial advance, as suggested 
by Funder (1989), because this w ould result in 
deposition ra ther than erosion. Instead we propose 
a grounded g lacier w hich eroded all o lder sed i­
m ents.

Sum m arizing, we infer that the m ajor areas of 
Hall B redning and Scoresby Sund were subjected 
to erosion o r non-deposition during glaciation up 
to the end o f the Younger D ryas (c. 10,000 BP). 
Only sheltered areas such as V ikingebugt display 
a beautiful sequence o f  glacial deposits docum ent­
ing the d ifferen t glacial stages.
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