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The deglaciation history of Balsfjord, northern Norway, and post-glacial
mass movement events were investigated. Radiocarbon dates indicate that
the Balsfjord glacier retreated from the Tromse—Lyngen moraines about
10.4 '4C Ky BP. Between ca. 10.3 *C Ky BP and 9.9 *C Ky BP, deposition
of a distinct end moraine—the Skjevelnes moraine—in the central part
of Balsfjord occurred. The transition from glacimarine to open marine
sedimentary environment took place before 9.6 “C Ky BP. Between ca.
9.5 14C Ky BP and 8.4 *C Ky BP, at least one local and three regional mass
movement events occurred. After this period, no gravity flow activity is
preserved in the cores. The high frequency of mass movements in the
early post-glacial period is presumed to be due to fast sea level changes
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and/or tectonic activity induced by rapid isostatic uplift.
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The aim of this study is to reconstruct the
deglaciation history of Balsfjord, northern
Norway, and to discuss post-glacial mass move-
ment events. In Troms County, the glacier
retreat from the Tromse—Lyngen moraines (Fig.
1) occurred around 10.3 “C Ky BP or earlier,
according to Andersen et al. (1995), Fimreite
et al. (2001) and Vorren & Plassen (in press).
Moraines inside the Tromse—Lyngen moraines
(Fig. 1b) were deposited during so-called Stordal
events that were dated to Preboreal age (10.0-9.0
14C Ky BP) (Andersen 1968, 1980; Corner 1980).
According to Andersen (1968), the Skjevelnes
moraine in Balsfjord (Fig. 1b) was deposited
during one of the Stordal events. During the
subsequent retreat, the Balsfjord glacier deposited
two minor end moraines, the Tennes and Ryvoll
moraines (Fig. 1b) (Hansen 1998; Vorren et al.
2000). However, the exact datings are still poorly
known.

During the final phase of deglaciation and the
early post-glacial period, increased avalanche
activity occurred in northern and western
Norway (Blikra 1999; Longva et al. 1999; Blikra
& Longva 2000; Dehls et al. 2000; Blikra et al.
2001). We analysed our material with the aim
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of finding the age and frequency of large mass
movement events in Balsfjord.

Physiographic setting and
oceanography

Balsfjord is 46 km long and 5 km across at
its widest point (Fig. 1). The fjord is located
in northern Norway, about 10 km south of
Tromse, and is surrounded by up to 1500 m
high mountains, composed of metamorphic
Caledonian nappes (Krogh 1992a, 1992b; Zwaan
et al. 1998).

Close to the mouth, the fjord has its shallowest
depth of about 35 m. The Skjevelnes moraine, at
ca. 110 m water depth, divides Balsfjord’s inner
and outer basins (Fig. Ic). These have water
depths of 130 m and 190 m, respectively. Water
exchange between the fjord and the open ocean
occurs via inlets (e.g. Straumsfjord, Kvalsundet,
Grotsundet) (Fig. 1b) having water depths
ranging from ca. 20 m to about 200 m. Balsfjord
is characterized by comparatively low fluvial
input, relatively high water temperatures and no
present-day influence by glaciers (Wassmann et
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al. 1996). Svendsen (1995) describes Balsfjord
as a fjord with “moderate run-off”. Despite the
shallow threshold at the mouth, as well as no
direct connection to the open sea, an impact of
warm and more saline Atlantic Water can be
detected (Wassmann et al. 2000).

Material and methods

Two piston cores and onshore data provide
the basis for this study. Core JM98-1018-PC
(10.01 m long) was retrieved from a water depth
of 160 m in the outer basin, about 2 km west of the
Skjevelnes moraine, at 69°21.19’N, 19°15.74’E
(Fig. Ic). The 9.96 m long core JIM98-1014-PC
was taken from 130 m water depth in the inner
basin, less than 1 km south-east of the moraine
(69°20.38’N, 19°21.41’E).

A lithostratigraphy for the cores (Fig. 2) was
established based on the results of laboratory
analysis, including Multi-sensor core logging of
the whole core. X-radiographs were acquired from
the split core. Undrained shear strength, using the
fall cone test (Hansbo 1957), water content and
carbonate content were measured. Sediment
colour determination was based on the Munsell
Soil Color Chart. Grain size analysis was carried
out by dry sieving of fractions >63 um and Sedi-
graph measurements for material <63 um. A total
of nine radiocarbon dates from bivalve tests was
obtained from the cores (Fig. 2, Table 1).

Radiocarbon dating of paired shells (Macoma
calcarea) from Stoksedalen was obtained to
get a minimum age of deglaciation and the
Skjevelnes moraine (Fig. 1, Table 1). The material
was recovered 4 km proximal to the Skjevelnes
moraine, about 30 m a.s.l. Dated samples of
bivalves and balanoides from secondary sandy
infill between large blocks from a rock avalanche
at Russeneset, innermost Balsfjord (Fig. 1b, Table
1) are also of great importance for understanding
the deglaciation chronology.

The dated material sampled from the cores
was prepared at the Radiocarbon Laboratory in

Fig. I (opposite page). (a) Location map of the study area. (b)
Map of the Balsfjord area. Locations of the Tromse—Lyngen
moraines (according to Andersen 1968 and Corner 1980), as
well as moraines deposited by the Balsfjord glacier inside the
Tromse—Lyngen moraines, are shown. (c) Bathymetric map
of Balsfjord, showing the locations of the cores analysed in
this study.
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Trondheim, Norway, and measured at the Sved-
berg Laboratory in Uppsala, Sweden, using
accelerator mass spectrometry (AMS). Samples
from Russeneset were prepared and measured
at the Radiocarbon Laboratory. Material from
Stoksedalen was prepared and measured at the
Leibnitz Labor for Radiometric Dating and Iso-
tope Research, Christian-Albrechts University
of Kiel, Germany. All dates were corrected for
a reservoir effect of 440 years (see Mangerud
& Gulliksen 1975) and calibrated using the
INTCAL98 database (Stuiver et al. 1998).
Standard deviation for the calibrated ages
was * 1c.

Lithostratigraphy/chronology

Core JM98-1018-PC was grouped into 10 units
(Fig. 2). The lowermost unit of the core (unit 18-
10) comprises cyclic glacimarine deposits. Two
paired bivalves and one single shell (Yoldiella
lenticula) from the lower part of this unit (967
cm) were dated to 1037085 “C years BP (Fig.
2, Table 1). A coherent slump deposit (unit 18-
9) that is covered with 11 cm of suspension
fall-out sediments (unit 18-8) truncates the
glacimarine sediments. Further upward, open
marine sedimentation (units 18-7, 18-5, 18-3,
18-1) is interrupted by the deposition of gravity
flows in the form of one high density turbidity
current (unit 18-6) and two cohesive debris flows
(units 18-4 and 18-2). Bivalve tests, taken close
to the bases of units 18-7 and 18-3 were dated to
9470+75 '“C years BP and 9150+ 75 4C years BP,
respectively (Fig. 2, Table 1). One resedimented
shell, dated to 8680+85 '“C years BP, was found
in unit 18-2. The youngest dated sample from
the core (taken from unit 18-1) yielded an age of
6745+80 '4C years BP.

Core JM98-1014-PC contains seven units (Fig.
2). Deposits of a mudflow (unit 14-7) are covered
with suspension fall-out (unit 14-6). Further
upward, open marine sedimentation (units 14-
5, 14-3, 14-1) is interrupted by deposition of two
low-density turbidites (units 14-4 and 14-2).

Within unit 14-7, a paired and resedimented
shell was dated to 9400+80 “C years BP (Fig. 2,
Table 1). Three additional dates of 8825+70 “C
years BP, 5840+ 70 “C years BP and 4060+ 65 “C
years BP were obtained from the open marine
sediments composing unit 14-1.

Based on lithostratigraphy, radiocarbon dates
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and calibrated ages, the following units of the
sediment cores were correlated (Fig. 2): 18-9 and
14-7; 18-8 and 14-6; 18-7 and 14-5; 18-6 and 14-4;
18-5 and 14-3; and 18-4 and 14-2.

Radiocarbon dating of the onshore material
yielded the following results. The shells from
Stoksedalen were dated to 9900+ 50 “C years BP,
whereas the samples from Russeneset had ages of
9555475, 9610480 and 9615+ 70 “C years BP (L.
H. Blikra, pers. comm.) (Table 1).

Discussion

Deglaciation history

Generally, the final retreat from the Younger
Dryas moraines in Norwegian fjords occurred
rapidly (e.g. Aarseth 1980; Corner 1980; Andersen
et al. 1995). The onset of the final glacier retreat
from the Tromse—Lyngen moraines occurred
around 10.3 "C Ky BP (see Andersen et al. 1995;
Fimreite et al. 2001; Vorren & Plassen 2002).
Andersen (1968) suggested that material sampled
from folded glacimarine sediments on the
proximal side of the Tromse—Lyngen moraines
at Skardmunken, in Ullsfjord (Fig. 1b), dated to
10390+200 '“C years BP, was deposited prior to
a late advance of the ice front.

The radiocarbon age of 10370+85 C years
BP sampled close to the bottom of core JM98-
1018-PC from Balsfjord (Fig. 2, Table 1), at a site

Fig. 2 (opposite page). Lithostratigraphy of the studied
cores. The occurrence of bioturbation, fossils and sulphide
patches are presented. Sediment structures, division of the
cores, radiocarbon ages and calibrated ages are also shown.
Correlation of lithostratigraphic units is indicated. Legend
(below) notes the sediment colours.

Legend Colour codes:
5Y 3/1  very dark olive grey
Mud
5Y 3/2 dark olive grey
Sandy mud 5Y 4/1  dark grey
5Y 4/2  olive grey
Sand
S5Y5/1 grey
o
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Sharp boundary 2.5Y 5/1 grey

----------- Transitional boundary

~~—~—Erosional boundary
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about 50 km proximal to the Tromse—Lyngen
moraines on Tromse island and 30 km proximal
to Skardmunken (Fig. 1), constitutes an apparent
discrepancy with the observations of Andersen
(1968) and Andersen et al. (1995), mentioned
above. This is probably explained by the location
of the dates on a '“C plateau of the calibration
curves (Stuiver et al. 1998).

Assuming that the radiocarbon date of
10370+85 '#C years BP from our study is reli-
able, it is suggested that the Balsfjord glacier
started a rapid retreat from the Tromse—Lyngen
moraines about 10.4 “C Ky BP (Fig. 3). This
suggestion supports the assumptions of Fim-
reite et al. (2001), as well as Vorren & Plassen
(2002), that glacier retreat from the Tromseo—
Lyngen moraines occurred prior to 10.3 #C Ky
BP. Furthermore, it correlates with investigations
carried out in Nordland County and southernmost
Troms County, both in northern Norway (Fig.
la), where Andersen et al. (1981) suggest that
the Tromse—Lyngen moraines and moraines
correlated with them were deposited prior to
10.5-10.4 *C Ky BP.

The radiocarbon ages of 10370+85 “C years
BP from core JM98-1018-PC (Fig. 2, Table 1)
and 9900+50 '“C years BP from glacimarine
sediments from Stoksedalen (Fig. 1b, Table 1)
bracket the ages of the Skjevelnes moraine. More
exact dating for the deposition of the Skjevelnes
moraine is still difficult. Our data suggest that
the Skjevelnes moraine was deposited between
ca. 10.3-9.9 “C Ky BP (Fig. 3, Table 1). This
means that the moraine was deposited during
the final phase of the Younger Dryas or during
the very early Preboreal. This suggestion
supports observations from Andersen (1968),
who mentions that a moraine at the mouth of
Gratangen fjord could represent a phase between
the Tromse—Lyngen and the Stordal events.

During its retreat from the Skjevelnes moraine,
the Balsfjord glacier deposited two minor end
moraines: the Tennes and Ryvoll moraines
(Hansen 1998; Vorren et al. 2000) (Figs. 1b, 3).
Based on the radiocarbon dates from Stoksedalen
and Russeneset (Fig. 1b, Table 1) (L. H. Blikra,
pers. comm.; Blikra & Longva 2000), these were
deposited between 9.9 and 9.6 *C Ky BP (Fig.
3).

The Russeneset dates also indicate that the
whole of Balsfjord was deglaciated before 9.6
14C Ky BP. This accords well with the time of
deglaciation of the neighbouring Lyngen fjord
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Fig. 3. Time—distance glaciation diagram of the Balsfjord glacier. Seen in a regional context, the age of the Stormo—Hegmo event

is probably too young.

(Corner 1980). An onshore glacifluvial delta
located at Stormo—Hegmo (Figs. 1b, 3) is dated to
around 9.1 C Ky BP (Table 1) (Andersen 1968).
However, other dates in Troms (e.g. Eilertsen
2002) indicate that this is a minimum date.

Post-glacial mass movement events

Post-glacial sedimentation in Balsfjord has
occurred from suspension fall-out, as well as

by deposition from gravity flows (Fig. 2). The
radiocarbon dates from Russeneset are taken
from post-avalanche infill sediments (Blikra
& Longva 2000). These dates indicate that
avalanche activity commenced immediately after
the deglaciation of the fjord. It is reasonable to
believe that when gravity flow deposits occur
synchronously on both sides of the Skjevel-
nes moraine, a regional trigger mechanism is
indicated. The two cores indicate three syn-

Table 1. Overview of dated material. Radiocarbon ages are presented with + lo standard deviation. Calibrated dates are presented
as maximum cal. age, cal. age intercepts (in parentheses) and minimum cal. age, in that order. (Table continues next page.)

Location Core depth (cm) Occurrence Dated material Lab no. Age (C BP)

Core JM98-1018-PC 967 Glacimarine Yoldiella lenticula TUa-2508 10370+85
sediments

Core IM98-1018-PC 566.5 Marine sediments Nuculana pernula TUa-2507 9470+75

Core IM98-1018-PC 399 Marine sediments Nuculana pernula TUa-2506 9150+75

Core JIM98-1018-PC 327 Debris flow deposit Hiatelle arctica TUa-2830 8680+85

Core IM98-1018-PC 171.5 Marine sediments Yoldia hyperborea TUa-2829 6745+ 80

Core JIM98-1014-PC 906 Debris flow deposit Bathyarca glacialis TUa-2505 9400+ 80

Core JM98-1014-PC 319.5 Marine sediments Yoldiella lenticula TUa-2504 8825+70

Core IM98-1014-PC 198-200 Marine sediments Yoldia hyperborea & TUa-2503 5840+70

Nuculana pernula

Core JM98-1014-PC 115 Marine sediments Yoldia hyperborea TUa-2502 4060+65

Stoksedalen Sampled onshore Glacimarine Macoma calcarea KIA 9216 9900+50
sediments

Russeneset Sampled onshore Secondary infill in Mpya truncata T-13805 9555+75
rock avalanche

Russeneset Sampled onshore  Secondary infill in Balanoides T-13806 9610+ 80
rock avalanche

Russeneset Sampled onshore  Secondary infill in Balanoides T-13807 9615+70
rock avalanche

Stormo—-Hegmo Sampled onshore  ?Bottomset beds of Macoma calcarea T-510 B 9100+ 150
an outwash delta & Mya truncata T-510 A 9190+ 160
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chronous events: mass movement events I, II and
III (Fig. 2). They are represented by the units
18-9 and 14-7, 18-6 and 14-4, and 18-4 and 14-2,
respectively. These events all occurred between
ca. 9.5 “C Ky BP and 9.1 '“C Ky BP. After that,
one local gravity flow event, archived in core
JM98-1018-PC, can be dated to around 8.4 '“C
Ky BP, calculated from linear sedimentation
rates between the 6.7 '*C Ky BP and 9.1 “C Ky
BP levels.

Various factors, e.g. sea level fluctuations
and earthquakes, affect slope stability in fjords
(Syvitski et al. 1987). Triggering of gravity flows
is a combination of several factors rather than the
result of one single factor (Bjerrum 1971; Boe et
al. 2000).

A nearby shoreline displacement curve from
Lenangsbotn—Jeegervatn (for location see Fig. 1b;
Corner & Haugane 1993), shows that the most
rapid shoreline displacement occurred between
ca. 10.0 and 8.5 '“C Ky BP. It can thus be assumed
that this time span of fast sea level change reflects
a period with relatively high frequency of slope
failures.

According to Bee et al. (2000), one should
expect a close correlation between a steep uplift
gradient and earthquake frequency/magnitude.
Blikra (1999), Blikra & Longva (2000), Blikra

Range of calibrated ages (BP) Reference
12323 (11954) 11686 This paper
11102 (10602) 10332 This paper
10311 (10282) 10104 This paper

9835 (9782) 9479 This paper
7662 (7584) 7515 This paper
11041 (10565, 10474, 10347) This paper
10310
9943 (9828) 9633 This paper
6735 (6655) 6563 This paper
4718 (4575) 4500 This paper
11597 (11155, 10946, 10875) This paper
10848
11122 (10799) 10369 L.H. Blikra
(pers. comm.)
11136 (11022, 11003, 10820) L.H. Blikra
10609 (pers. comm.)
11136 (11027, 10999, 10822) L.H. Blikra
10615 (pers. comm.)
not calibrated Andersen
(1968)
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et al. (2001) and Dehls et al. (2000) mention
that the period between 10.0 and 9.5 “C Ky
BP is characterized by increased activity of
rock avalanches due to seismic triggering. The
results of this study indicate that the time period
of increased regional avalanche activity can be
extended until ca. 9.1 “C Ky BP. After 8.4 “C
Ky BP, ie. subsequent to the rapid rise of the
shoreline at Lenangsbotn—Jegervatn (Corner
& Haugane 1993), no gravity flow deposits are
preserved in the cores (Fig. 2).

Summary and conclusions

» The Balsfjord glacier retreated rapidly from
the Tromse—Lyngen moraines about 10.4 “C Ky
BP.

* The Skjevelnes moraine was deposited
between ca. 10.3 and 9.9 C Ky BP, i.e. during
the final phase of the Younger Dryas, or very
early Preboreal.

* The Balsfjord glacier deposited the Tennes
and Ryvoll moraines after 9.9 *C Ky BP, but
before 9.6 “C Ky BP.

* Before 9.6 “C Ky BP, the glacier disappeared
from the fjord.

* The period between 9.5 and 9.1 *C Ky BP
is characterized by a high frequency of regional
slope failures, suggested to be caused by effects
of fast sea level change and/or seismic triggering
due to isostatic rebound.

* One local mass movement event that occurred
at ca. 8.4 '“C Ky BP is preserved in one core.
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