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The history of mass-movements in Trondheimsfjorden, central Norway, has been investigated from high resolution seismic data, swath bathymetry,
deep boreholes and short cores. A comprehensive radiocarbon-dating program has also been carried out. Numerous slides, debris flows and turbidites have been recorded. They show a spread in ages from the last deglaciation to the present, although periods of increased mass-movement activity are evident. Major events with mass movement occurred at several localities around 400 cal. BP, 3500 cal. BP and 8000 cal. BP, while periods of
large mass-movement activity are recognized at 3000-4000 cal. BP, 5500-6000 cal. BP, and before 9000 cal. BP. Several slides have occurred over the
past 100-200 years in the harbour area of Trondheim and in Orkdalsfjorden, e.g. a major event took place in Orkdalsfjorden in 1930 with movement of up to 60 million m3 of sediment by sliding, debris flow and turbidity currents. Other recent slides and debris flows have occurred north of
Midtfjordsgrunnen and in inner Trondheimsfjorden. A ca. 3500 cal. BP slide in central Trondheimsfjorden involved the transport of more than 30
million m3 of sediment. This slide might have caused a tsunami that generated strong currents along the seafloor resulting in local erosion and
deposition of a silty clay layer evident in cores and seismic data.
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Introduction
Norwegian fjords have long been known for the occurrence of a wide variety of mass-movement processes,
including slides, slumps, debris flows and turbidity currents (Terzagi 1957; Holtedahl 1965; Bjerrum 1971;
Flaate & Janbu 1975; Syvitski et al. 1987; Aarseth et al.
1989; Bøe et al. 2000). In many fjords gravitational
mass movement is the dominant sedimentary process,
and an understanding of these processes is of vital
importance when using fjord sediments to deduce past
climatic change and tectonic events. Furthermore, this
type of study is important when evaluating potential
stability problems along steep fjord margins.
Trondheimsfjorden has previously been investigated in
connection with quick-clay slides in the surrounding
land areas and at the seabed. Several events have led to
damage of infrastructure and loss of human lives. In
1999-2000 the Geological Survey of Norway (NGU), in
cooperation with the Norwegian Geotechnical Institute
(NGI), performed detailed investigations for a potential sub-sea gas pipeline route between Tjeldbergodden
(south of Smøla) and Fiborgtangen, in the inner part of
Trondheimsfjorden (Fig. 1). The history of mass-movement deposition (age, frequency, type, size and distribution) in Trondheimsfjorden was investigated in
detail by studying shallow seismic data, swath bathymetry and cores. In this paper we present some major

results and a discussion of mass movements in relation
to existing data on the postglacial climatic evolution in
the area.

Methods
Complete swath bathymetric coverage, below the 20 m
depth contour, was obtained during joint cruises of
NGU and Industrikraft Midt-Norge (data acquired and
processed by the Norwegian Hydrographic Survey).
Orkdalsfjorden, Gaulosen, Korsfjorden, and parts of
Trondheim harbour were mapped by the Norwegian
Petroleum Directorate (data acquired and processed by
Geoconsult) in 1997. The area southeast of Midtfjordsgrunnen and east of Trondheim was mapped in a subsequent project (Bøe et al. 2003) and is not presented
here.
Shallow seismic data were acquired by NGU during two
cruises (Fig. 2). In the first cruise, 868 km of seismic
data were acquired. Sleevegun (15 cubic inches) was
used as a seismic source, along with the boomer type
Geopulse. In the second cruise, 1259 km of high-frequency seismic data were acquired by Geopulse and
Topas. A small gravity corer was used to obtain up to 70
cm long cores of the sea bed sediments at 41 localities.
During a cruise with the drilling vessel M/S Bucentaur,

4

R. Bøe et al.

NORWEGIAN JOURNAL OF GEOLOGY

Fig. 1. Location map showing the investigated area of Trondheimsfjorden, the location of borings and gravity cores, and names of places mentioned in the text. The dotted lines outline the major areas of Holocene sedimentation. The area between Stjørdal and Trondheim has not been
mapped in the present project.

4 boreholes (16-69.9 m deep) were drilled for stratigraphic/sedimentological studies of the Holocene succession (S-cores, Fig. 1), 21 boreholes (up to 28 m
deep) were drilled for geotechnical studies of the Holocene and Late Weichselian sediments (G-cores), and 20
gravity cores (up to 2.75 m long) were taken mainly for
sedimentological studies (GC-cores) (Fig. 1). Due to
the coring technique, the recovery for the drill cores is
only 80-85%. In addition, we have had access to the
description of the 31 m long core MD99-2292 taken by
the research vessel Marion Dufresne during cruise MD
114/INTERPOLE/IMAGES V. Altogether, 43 samples
were dated by the 14C AMS method (Table 1).

Study area - bathymetry and
deglaciation chronology
The study area in Trondheimsfjorden covers a distance
of approximately 100 km, from Agdenes in the west to
Fiborgtangen in the east (Fig. 1). The fjord is characterised by bedrock thresholds, moraine ridges, deep
basins, relatively wide and shallow areas, narrow trenc-

hes and steep fjord slopes (up to 30-40 degrees) (see
also Sakshaug & Sneli 2000). The entrance is at
Agdenes, where a bedrock threshold occurs at ca. 330 m
water depth. The depth increases down to the deepest
part of the fjord (617 m), ca. 4 km south of the threshold. South of this, the water depth decreases to ca. 500
m at the narrow passage between Rødberg and Geitaneset. In Korsfjorden and Flakkfjorden depths are around
500 m.
The water depth gradually decreases southwards in
Orkdalsfjorden and Gaulosen, and eastwards, south of
Midtfjordsgrunnen. At Midtfjordsgrunnen, the depth
varies from a few metres to ca. 300 m, while in the narrow trench northwest of Midtfjordsgrunnen, it decreases gradually from 470 m in the southwest, to approximately 200 m where the Tautra Ridge starts to rise.
Northwest of the trench, there are large variations in
water depths (250-400 m) over short distances. The
depth on the Tautra Ridge is locally less than 50 m.
Northeast of the Tautra Ridge, the water depth increases, and east of Leksvik there is a narrow, 420 m deep
trench as far as to the east of Ytterøya.
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Fig. 2. Seismic reflection profile tracklines. The location of seismic profile examples is shown. See Fig. 1 for location.

14C

dating indicates that Trondheimsleia at Leksa was
deglaciated before ca. 15 000 cal. BP (G11 in Table 1;
Reite 1994, Ottesen et al. 1995), and that large parts of
Trondheimsfjorden southwest of Tautra were free of ice
at ca. 14 500 cal. BP. At that time, Trondheimsfjorden
was fed by ice streams along the major valleys, especially Stjørdalen, Orkdalen and Gauldalen, and large
volumes of glaciomarine sediments accumulated in the
fjord. For a period, an ice shelf may have existed, but
below this, glaciomarine deposition probably occurred.
During a warmer period in the Allerød (13 800-13 000
cal. BP), the ice front withdrew to a position approximately 15 km northeast of Tautra (Reite 1994). In the
early Younger Dryas, the ice front advanced to form the
Tautra Ridge (Reite 1995). During this period, there
was probably a continuous ice margin with calving glaciers from the Tautra Ridge to the Gaula River and very
high rates of glaciomarine deposition. After a 50 km
retreat of the ice margin to a position northeast of
Fiborgtangen, in the middle of the Younger Dryas, the
ice margin again advanced 10 km to form the Hoklingen ice-marginal deposits at ca. 11 900 cal. BP (Reite
1995).
At the end of the Younger Dryas, the ice margin withdrew rapidly from the fjords in Orkdalen, Gauldalen,

Stjørdalen and Verdalen. High melt-water discharge
combined with rapid glacioisostatic uplift (the marine
limit is 175-180 m in the Trondheim area) resulted in
numerous slides and very high rates of river erosion
and sediment transport. Due to the land uplift, large
areas of marine and glaciomarine clay and glaciofluvial
ice-front deposits have been exposed for erosion.

Stratigraphy, description of cores
and dating results
Outer Trondheimsfjorden
In outer Trondheimsfjorden (between Agdenes and
Rødberg, Fig. 1) the seismic data show an acoustically
layered succession up to 700 m thick (see also Oftedahl
1978). The uppermost part of this can be divided into
several units; some exhibit well layered intervals of
high-amplitude reflections, while others are acoustically more transparent with only diffuse, subhorizontal
reflections (Rise et al. in prep.).
Borehole S2 (Fig. 1) was drilled to a total depth of 69.9
m (Figs. 3 and 4). At 0-10.72 m, the succession comprises bioturbated silty clay, with upward fining silt and
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Table 1. Accelerator mass spectrometry (AMS) 14C radiocarbon and calendar year ages of core samples from Trondheims-

leia and Trondheimsfjorden. 14 C ages were reported in conventional radiocarbon years BP (before present = 1950)
in accordance with the international convention (Stuiver & Polach 1977). All calculated 14 C ages have been corrected for fractionation so as to refer the results to be equivalent with the standard ∂13 C value of -25‰ (wood). An
ocean reservoir age of 400 years has been subtracted from the conventional 14 C age to obtain the reservoir corrected age (not on wood fragments). Calibrated ages were obtained from the calibration tables in Stuiver et al.
(1998) by means of the 1998 version (4.0) of the Seattle CALIB programme (Stuiver & Reimer 1993) using the 10
years terrestrial calibration curve. AAR-samples: AMS Laboratory, University of Aarhus, Aarhus, Denmark. KIAsamples: Leibnitz AMS Laboratory, Christian-Albrechts-Universität, Kiel, Germany.

Sample (coreyear-depth in
core in cm)

Lab. no.

UTM X,
zone 32,
WGS 84

UTM Y,
zone 32,
WGS 84

Water
depth
(m)

Sample type

Reservoir
corrected
14C age BP

Calibrated age BP
(BP = 1950)
1 sigma range

Delta 13C
(0/00)
VPDB

Delta 18O
(0/00)
VPDB

G03-99-450

AAR-5738

585062

7062426

286

foram fauna

8660 ± 60

9700-9550 cal. BP

-0.9

+1.0

G07-99-450

AAR-5739

566621

7043055

417

foram fauna

4250 ± 50

4850-4830 cal. BP

-1.0

+1.7

G08-99-440

AAR-5736

568981

7045025

315

foram fauna

11 150 ± 70

13 180-13 010 cal. BP

-5.8

+1.2

G09-99-450

AAR-5740

565762

7044510

385

foram fauna

6045 ± 60

6980-6760 cal. BP

-1.1

+1.4

G11-99-455

AAR-5737

522762

7052472

309

Noniellina labradorica 12 780 ± 80

15 610-14 490 cal. BP

-2.4

+3.2

G11-99-2429

KIA12441

522762

7052472

309

foram fauna

12 670 ± 90

15 440-14 340 cal. BP

-0.22±0.06

GC01-99-59

AAR-5679

535146

7059879

355

foram fauna

8150 ± 70

9250-9010 cal. BP

-2.5

+2.3

GC03-99-45

AAR-5686

539506

7053088

586

foram fauna

3215 ± 50

3470-3380 cal. BP

-0.9

+1.4

GC03-99-107

AAR-5685

539506

7053088

586

Melonis barleeanus

4875 ± 50

5650-5590 cal. BP

-0.7

+1.0

GC04-99-83

AAR-5668

542944

7047914

560

wood fragments

85 ± 45

260-0 cal. BP

-23.7

-21.6

GC04-99-125

AAR-5682

542944

7047914

560

foram fauna

520 ± 40

550-515 cal. BP

-0.9

+1.3

GC06-99-194

AAR-5675

586246

7062073

396

Abra longicallus

2105 ± 55

2150-2000 cal. BP

-0.6

+0.6
+2.5

GC08-99-185

AAR-5681

551205

7035439

487

shell

1415 ± 50

1350-1290 cal. BP

-0.6

MD 992292-99-781

AAR-5683

559475

7039300

486

foram fauna

3235 ± 55

3550-3380 cal. BP

-1.2

+1.2

MD 992292-99-1568

AAR-5550

559475

7039300

486

shell

5000 ± 60

5890-5660 cal. BP

-1.5

+2.3

MD 992292-99-2061

AAR-5684

559475

7039300

486

foram fauna + shells

7090 ± 55

7960-7840 cal. BP

-0.4

+1.6

MD 992292-99-2103

AAR-5687

559475

7039300

486

foram fauna + shells

7510 ± 75

8390-8200 cal. BP

-1.1

+1.9

S1-99-067

AAR-5551

528756

7055817

409

Discoanomac hina sp.

8630 ± 70

9680-9530 cal. BP

-1.9

-1.9
+0.3

S1-99-310

AAR-5552

528756

7055817

409

E. excavatum

10 940 ± 80

13 120-12 880 cal. BP

-3.4

S1-99-1580

AAR-5553

528756

7055817

409

foram fauna

12 230 ± 100

15 240-14 100 cal. BP

-1

S2-99-250

AAR-5554

541087

7050737

572

foram fauna

1975 ± 50

1990-1870 cal. BP

-1.6

S2-99-334

AAR-5555

541087

7050737

572

foram fauna

2460 ± 45

2710-2360 cal. BP

-1

-0.3

S2-99-910

AAR-5674

541087

7050737

572

foram fauna + shells

5115 ± 55

5920-5750 cal. BP

-0.4

+1.5

S2-99-955

AAR-5556

541087

7050737

572

foram fauna

5580 ± 50

6410-6300 cal. BP

-1.9

-0.3

S2-99-2001

KIA13448

541087

7050737

572

wood fragment

8265 ± 55

9400-9130 cal. BP

-27.31±0.17

S2-99-2010

KIA13449

541087

7050737

572

wood fragment

7610 ± 45

8410-8380 cal. BP

-27.99±0.18

S2-99-2066

KIA13450

541087

7050737

572

wood fragment

7460 ±100

8380-8170 cal. BP

-32.11±0.05

S2-99-2512

AAR-6244

541087

7050737

572

Astarte cf. elliptica

8100 ± 75

9230-9000 cal. BP

+1.5

S2-99-2536

AAR-5663

541087

7050737

572

foram fauna + shells

8790 ± 70

10 110-9630 cal. BP

-0.7

+1.8

S2-99-3040

AAR-6245

541087

7050737

572

Abra nitida

8730 ± 90

9910-9550 cal. BP

-0.9

+3.6

+3.3

S2-99-5555

AAR-5986

541087

7050737

572

foram fauna + shells

9730 ± 90

11 200-11 100 cal. BP

+0.2

+2.1

S2-99-6974

AAR-5985

541087

7050737

572

foram fauna

9990 ± 75

11 630-11 260 cal. BP

-0.4

+1.1

S4-99-85

AAR-5664

597905

7068050

422

foram fauna

545 ± 60

620-520 cal. BP

-1

S4-99-345

AAR-5677

597905

7068050

422

shell (Tellinidae fam.)

1515 ± 50

1510-1330 cal. BP

-0.3

S4-99-525

AAR-5667

597905

7068050

422

foram fauna

2175 ± 45

2305-2120 cal. BP

-1.3

+2.5
+1.2

S4-99-935

AAR-5673

597905

7068050

422

foram fauna + shells

3515 ± 50

3870-3700 cal. BP

-0.6

+1.2

S4-99-1355

AAR-5676

597905

7068050

422

Abra nitida

5250 ± 60

6170-5930 cal. BP

-0.7

+2.3

S4-99-2665

AAR-5680

597905

7068050

422

foram fauna

8095 ± 65

9130-9000 cal. BP

-0.6

+2.5

S4-99-3080

AAR-5669

597905

7068050

422

foram fauna

8960 ± 75

10 210-9920 cal. BP

-0.9

+2.2

S5-99-277

AAR-5678

569757

7046844

361

Littorina littorea

2860 ± 65

3140-2870 cal. BP

+1.4

+0.7

S5-99-350

AAR-5670

569757

7046844

361

foram fauna

3400 ± 60

3700-3570 cal. BP

-1.6

+1.3

S5-99-778

AAR-5665

569757

7046844

361

foram fauna

7950 ± 70

9000-8640 cal. BP

-1.1

+1.3

S5-99-1680

AAR-5666

569757

7046844

361

foram fauna

10 160 ± 90

12 110-11 440 cal. BP

-0.6

+1.5
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Fig. 3. Topas line NGU9910100 near Rissa in the outer part of Trondheimsfjorden. The locations of borehole S2 and gravity cores GC03 and
GC04 are shown. Note the pronounced northwestward thinning of the uppermost, stratified unit at GC03, the angular unconformity beneath
the uppermost turbidite (shaded) at GC04, and the ca. 1700 cal. BP debris flow deposit cored in S2. See Fig. 2 for location.

Fig. 4. Stratigraphy of borehole S2 near Rissa in the outer part of Trondheimsfjorden. See Fig. 1 for location.
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sand layers up to 0.7 m thick. This correlates well with
an uppermost stratified unit, in the seismic data. Several of the silt and sand layers show erosion at their
lower surfaces, ripples and planar lamination, and there
are examples of almost complete Bouma sequences. A
debris flow deposit occurs at 2.0-2.35 m. A radiocarbon
date at 2.50 m gave an age of 1990-1870 cal. BP (Table
1), which is a maximum age for the deposit. A date at
3.34 m gave a maximum age of 2710-2360 cal. BP for
the turbidite above (Fig. 4), while samples at 9.10 and
9.55 m, above and below another turbidite bed, gave
ages of 5920-5760 cal. BP and 6410-6300 cal. BP,
respectively.
Three 1-m long cores from the interval 10.72-25 m
comprise homogeneous, bioturbated, silty (finemedium silt) clay (Fig. 4). Radiocarbon dates from
wood fragments (the sediment contains very few foraminifers) at 20.01 m, 20.10 m and 20.66 m gave ages of
9400-9130, 8410-8380 and 8380-8170 cal. BP, respectively. A core at 25-26 m shows an upward fining bed of
very fine sand overlain by a bed of silty clay. This is
overlain by a deformed bed with layers of silty clay and
sand. A sample from 25.36 m depth, immediately below
the deformed bed, gave an age of 10 110-9630 cal. BP. A
gravel layer with shells and shell fragments, at 25.12 m
depth (above the deformed bed) gave an age of 92309000 cal. BP (Table 1). The core at 30-31 m depth is
dominated by medium grained, laminated and rippled
sand, and a sample from 30.40 m gave an age of 99109550 cal. BP. The sediment at 35-36 m comprises
homogeneous, silty (fine-medium silt) clay, and stable
high mud pressure readings (during drilling) indicate
that the interval 35-47.5 m consists of homogeneous,
silty clay. The cores at 50 m, 55-56 m (11 200-11 100
cal. BP at 55.55 m depth) and 69.5-69.92 m (11 630-11
260 cal. BP at 69.74 m depth) comprise cross-bedded
and cross-laminated, well sorted sand.
Gravity core GC03 (Figs. 1 and 3) comprises strongly
bioturbated, shell-rich, diffuse layers of silty sand,
sandy and clayey silt, and sandy and silty clay with five
erosively based, normally graded turbidites (Fig. 5).
These show planar lamination and current ripples. A
date from 0.45 m (between turbidites 2 and 3 from the
top) gave an age of 3470-3380 cal. BP, while a date from
1.07 m (between turbidites 4 and 5 from the top) gave
an age of 5650-5590 cal. BP.

Central Trondheimsfjorden

Gravity core GC04 (Figs. 1 and 3) comprises two
upward fining and planar laminated turbidites in a succession of laminated and bioturbated silty clay (Fig. 5).
A piece of wood from a bed containing 50% wood fragments at 0.77-0.83 m depth gave an age of 260-0 cal.
BP. A date from 1.25 m, immediately below the uppermost turbidite, gave an age of 550-515 cal. BP, which
represents a maximum age for the turbidite.

In central Trondheimsfjorden, the seismic data show an
acoustically layered succession. The thickness is greatest
in Flakkfjorden (750 m), Korsfjorden and Ytre Orkdalsfjorden, while in Orkdalsfjorden, Gaulosen and eastwards in Trondheimsfjorden the thickness is reduced
(Fig. 1, Oftedahl 1978). In Gaulosen, there is a more
than 200 m thick succession of stratified glaciomarine
sediments with good, continuous reflections. The postglacial (Holocene) section, which is ca. 40 m thick, has

Fig. 5. Stratigraphy of gravity cores GC03 and GC04 (outer part of
Trondheimsfjorden near Rissa), GC06 (inner part of Trondheimsfjorden near Leksvik) and GC08 (central part of Trondheimsfjorden/Korsfjorden). See Fig. 1 for location and Fig. 4 for legend.
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Fig. 6. Topas line NGU9910067 from the central part of Trondheimsfjorden/Flakkfjorden, ca. 1 km north of borehole MD99-2292. Note the ca.
3500 cal. BP debris flow deposit with transport direction from the northeast, ca. 10 m below the sea bed. Seismic data indicate that the thickness
of the debris flow deposit is ca. 2 m, while the zone of acoustic blanking below the top of the deposit is ca. 5 m. D: Frontal part of debris flow
deposit. See Fig. 2 for location.

a rather chaotic reflection pattern. In Orkdalsfjorden,
up to 40 m of stratified Holocene sediments overlie
well-stratified glaciomarine sediments along the fjord
slopes. Slide and slump deposits cover the deeper parts
of Orkdalsfjorden. More than 50 m of Holocene sediments occur above well-stratified glaciomarine sediments in Flakkfjorden. Glaciomarine sediments were
dated in core G08 (13 180-13 010 cal. BP).
Core MD99-2292 (31 m long) was obtained during an
IMAGES Project-cruise in Flakkfjorden in 1999, at a
site of interpreted high Holocene sedimentation rates
(Fig. 1). Fig. 6 shows a seismic profile ca. 1 km north of
the location of the core (Figs. 1 and 2). We have had
access to the unpublished onboard description of the
core (H. Haflidason, pers. comm. 1999), and have
obtained 4 14C AMS ages on sub-samples (sampled by
J.-L. Turon). The uppermost 7 m of the core comprises
silty clay with 7 upward fining silt and sand layers less
than 3 cm thick. Three of them occur in the uppermost
1 m of the core. The interval 7.0-11.20 m comprises
silty clay with 6 sand beds 15-30 cm thick. These fine

upwards from sand (occasionally fine gravel) via silt to
silty clay. A date from 7.81 m depth gave an age of
3550-3380 cal. BP. Below 11.20 m the core comprises
homogeneous silty clay, with several turbidites occurring below 15.48 m. There is a concentration of turbidites at 16 m depth (2 turbidites <20 cm thick) and at
22-31 m (8 turbidites), with the thickest turbidite at
22.40-24.01 m. Radiometric dating gave ages of 58905660 cal. BP at 15.68 m, 7960-7840 cal. BP at 20.61 m
and 8390-8200 cal. BP at 21.03 m.
Gravity core GC08 from Korsfjorden (Figs. 1 and 5)
comprises heavily bioturbated silty clay with one
upward fining layer (laminated silty clay overlain by
massive clay) at 0.15-0.28 m, one layer of clay with fine
to medium silt at 0.94-1.07 m, one silt layer at 1.70-1.73
m, and one layer rich in bioclasts at 2.20-2.23 m. A date
from 1.85 m depth gave an age of 1350-1290 cal. BP.
Borehole S5, from the deep trench northwest of Midtfjordsgrunnen, was drilled to a total depth of 16.8 m
(Figs. 1 and 7). The uppermost 7 m of the core consists
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Fig. 7. Topas line NGU9910170 at the
location of borehole S5 in the deep
trench north of Midtfjordsgrunnen
(central part of Trondheimsfjorden).
Note the pronounced reflection (interpreted to reflect a ca. 3500 cal. BP tsunami) ca. 5 ms below the sea bed and
the stacked debris flow deposits in the
lower part of the section. The surfaces
of some of the debris flow deposits are
dotted. See Fig. 2 for location.

of silty (fine to coarse silt) clay, but at 3.43 m there is a
wavy erosion surface overlain by a 2 mm sand lamina
(Fig. 8). This is again overlain by silty (fine to medium
silt) clay. X-ray inspection shows that the lowermost 25
cm of this fine-grained interval (which is slightly
underconsolidated) is laminated. Age determinations at
2.77 m (above the fine-grained interval) and 3.50 m
(below the fine-grained interval) gave ages of 31402870 cal. BP and 3700-3570 cal. BP, respectively. Between 7 m and 10 m, the succession comprises planar
and wavy laminated silty clay, which is locally very
sandy and with many silt lenses. A radiocarbon date
from 7.78 m depth gave an age of 9000-8640 cal. BP.
From 10-17 m depth the core comprises normally consolidated silty clay with many silty, sandy and gravelly
layers. Some intervals are strongly disturbed or folded.

A date from 16.80 m depth gave an age of 12 110-11
440 cal. BP.
Inner Trondheimsfjorden
Between the Tautra Ridge and Ytterøya, seismic data
show a sedimentary succession that is up to 300 m
thick. Between Frosta and Leksvik and beneath the Tautra Ridge, till and glaciofluvial deposits with an accumulated thickness of 150-200 m occur beneath glaciomarine sediments (Reite & Olsen 2002). These are
locally covered by a thin blanket of Holocene sediments. In the narrow trench further east, a 100-200 m
thick succession of acoustically stratified deposits
occur, of which the upper tens of metres are Holocene.
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Fig. 8. Stratigraphy of borehole S5 from the deep trench in the central part of Trondheimsfjorden north of Midtfjordsgrunnen. Note slump-related folding of sediments in the lower half of the borehole. See Fig. 1 for location and Fig. 4 for legend.

Borehole S4 (Figs. 1 and 9), from the central part of the
fjord southwest of Ytterøy, is 30.8 m deep (Fig. 10). The
dating results show that the cored succession is Holocene in age. The sediments consist of homogeneous,
bioturbated silty clay with a few erosively based,
upward fining silt and very fine sand turbidites. These
show ripples and planar lamination, and there are
examples of almost complete Bouma sequences. The
most heavily bioturbated interval of the core, below 10
m depth (Fig. 10), contains numerous shells and shell
fragments. The core section at 22-23 m depth comprises homogeneous silty clay in the upper part, while
there is a transition to laminated silt in the lower part.
Dating below three turbidites in S4 gave maximum ages
of these of 620-520 cal. BP (0.85 m depth), 2305-2120
cal. BP (5.25 m depth) and 3870-3700 cal. BP (9.35 m
depth).

Gravity core GC06, from the westernmost part of the
deep trench (Fig. 1), consists of homogeneous, bioturbated silty (fine-medium silt) clay with scattered shells
(Fig. 5). Only one turbidite occurs in the core, at 1.481.51 m depth. A dating at 1.94 m gave an age of 21502000 cal. BP.

Mass-movement processes
Slides during the recent past
Many slides have occurred over the past 100-200 years
in central Trondheimsfjorden. In Trondheim harbour,
one slide occurred at Brattøra (Fig. 1) in 1888, while
another occurred in Ilsvika in 1950 (Bjerrum 1971). In
1990, there was a slide in the delta sediments of the
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Fig. 9. Topas line NGU9910082 at the
location of borehole S4 in the inner
part of Trondheimsfjorden. See Fig. 2
for location.

river Nidelva (Bjerkli & Olsen 1990; Emdal et al. 1996).
Seismic data and swath bathymetry show slide scars on
the sea bed north of Trondheim harbour. Some of the
slides may have been caused by human activity. Many
appear to be recent, but there are also older slide scars,
covered by Holocene deposits. Slide masses from
Trondheim harbour appear to have disintegrated
rapidly as they have moved towards the north and then
northwest, where debris flow deposits and turbidites
(proximal and distal) are deposited. Plunge pools have
developed where the slope of the sea bed decreases.
Also in Ranheimsbukta, east of Trondheim, there are
many recent an old slide scars (Bjerkli & Olsen 1989,
Bøe et al. 2003). The bathymetry indicates that turbidites and slide deposits from that area accumulate south
of Midtfjordsgrunnen and east of Trondheim.

Several closely successive slides occurred in the innermost part of Orkdalsfjorden (Fig. 1) in 1930 (Bjerrum
1971; Terzaghi 1957; Karlsrud & By 1982). These caused cable breaks at the fjord bottom in Orkdalsfjorden
and in Flakkfjorden, north of Flakk. Slide scars and
slide escarpments as well as debris flow and slide deposits with large blocks can be observed in swath bathymetry (Fig. 11) and seismic data. Karlsrud and By
(1982) estimated that as much as 60 million m3 of sediments were mobilised during the slides. A sandy silt
layer at 10-11 cm depth in a dated core from the area
north of Flakk (Bugge et al. 1999) is probably a distal
turbidite related to this event. The sedimentation rate
(see below) suggests that also the fine-grained turbidite
tail at 15-28 cm depth in the upper part of core GC08
(Fig. 5) represents this event. Also other cores from Ytre
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Fig. 10. Stratigraphy of borehole S4 from the inner part of Trondheimsfjorden. See Fig. 1 for location and Fig. 4 for legend.

Orkdalsfjorden have sand beds, up to 10 cm thick,
which are interpreted to represent turbidites (Gunleiksrud 1982). Seismic data show that the majority of the
recent and Late Holocene slides in Orkdalsfjorden have
occurred in Holocene silty clay. In Gaulosen, slide scars
occur on the sea bed and in the sourrounding land
areas, and slide masses at the delta of the Gaula river
have progressed into the fjord from land.
One slide occurs at the sea bed on the northern slope of
Midtfjordsgrunnen. The slide scar, which is ca. 700 m
long, demonstrates that the slide has started in Holocene silty clay immediately beneath a steep cliff face, at
a water depth of 300 m. The slide scar widens downslope, from 100 m at 300 m water detph, to 300 m at 440
m water depth. The slide deposit (Fig. 12) covers an

area of 900x250 m and has an average thickness of ca. 1
m (maximum 2 m), which gives a volume of ca. 225
000 m3.
Bathymetric data from outer Trondheimsfjorden show
sediment accumulations and submarine fans at the
fjord margin and fjord bottom east of Størdalsbukta,
and west of Rissa, Årlottvika, and Kvithyll (Fig. 1). At
the two first mentioned locations there are rivers entering the fjord, and especially the river Skauga at Rissa is
heavily sediment laden during flood events. Bathymetric data show that the crests of the sediment accumulations at Størdalsbukta and Rissa bend southeastwards
from the points where they enter the fjord bottom. This
indicates that much of the hemipelagic sediment derived from the rivers is transported southeastwards by
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Fig. 11. Shaded relief image derived from multibeam bathymetric data, showing slide escarpments and slide/debris flow deposits on the sea bed
in the southwestern (inner) part of Orkdalsfjorden. Illuminated from the northeast at an elevation 35° above the horizon.

currents (probably tidal flood currents) before deposition. Some of the turbidites in GC03 may have been
derived from Årlottvika. The source could also be the
Skauga river, where turbidites may have originated
during flood events. The turbidite with many wood
fragments in GC04 (Fig. 5) may be one such example. It
is likely that repeated collapse of the Skauga river delta,
where seismic data and cores show up to 50 m of sand,
may cause debris flows and turbidity currents.
Some of the debris flow deposits observed in the seismic data and in the cores may be due to clay slides from
the shore zone or slides that have progressed into the
fjord from areas on land. Thick deposits of marine and
glaciomarine clay (including quick clay) have been
mapped at Kvithyll, Rissa, Lensvika and several other
places along the fjord, and many slides have occurred
on land in historical times (e.g. Rissaraset, Løfaldi et al.
1981).

In inner Trondheimsfjorden, the seismic data indicate
that submarine fans along the steep fjord margins are
old and covered by Holocene sediments. In the Verdal
area, further northeast (Fig. 1), several historical slides
are well documented, e.g. Verdalsraset in 1893 that killed 112 people and involved the sliding of 55 mill. m3 of
quick clay into the river Verdalselva (Sveian 1989). No
mass-movement deposit related to this slide has been
identified in the cores south of Ytterøya. It is therefore
likely that most of the turbidites in S4 are more locally
derived.
East of Fiborgtangen, a slide 1 km (N-S) x 0.5 km (EW) occurs (Fig. 13). The thickness of slide deposits is
0.5-2 m, but in the frontal parts of the slide blocks measuring up to 100x100 m are up to 5 m high (Fig. 14).
Grooves made in the sea bed by sliding blocks (Fig. 13)
show that the sliding has been from the south-southwest. Sliding blocks have eroded 1-2 m into the under-
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lying sediments. The slide scar occurs in water depths
shallower than 15 m. The volume of the slide deposits is
estimated to 0.2 mill. m3. It is possible that the slide at
Fiborgtangen may have been triggered by road building
or other construction work, immediately to the south
and west.
East of Strandholmen, the bathymetric data (Fig. 15)
show a debris flow deposit in an area of 700x700 m.
The thickness of the deposit is up to 5 m, with an average of ca. 2 m (Fig. 16). It is probable that the debris
flow can be traced towards the southwest, where there
is a circular embayment in the beach, probably representing the slide scar. The volume of the debris flow
deposit is estimated to 0.8 mill. m3. We do not know the
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age of the debris flow at Strandholmen, which has
occurred in an area of very low recent sedimentation. It
may possibly be related to a quick-clay slide released
when the source area was uplifted above the sea level a
few hundred to a thousand years ago.
Two slides have originated on the northern slope of the
fjord, south of Ytterøy. The westernmost of these
occurred 22 May 1996, when a molo constructed on
submarine clay disappeared during nearby road construction. The slides have moved down steep submarine slopes (22° at the westernmost slide) before hitting
the more or less flat fjord bottom at 400 m water depth,
where plunge pools up to 6 m deep have been created.
Slide deposits occur in areas of 500x500 m and 300 m

Fig. 12. Topas line NGU9910067 from
the deep trench north of Midtfjordsgrunnen (central part of Trondheimsfjorden, between G07 and G09). Note
the young slide deposit on the sea bed.
See Fig. 2 for location.
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also suggest that the sand lamina at 3.43 m depth (and
the overlying fine-grained sediments) in core S5 (Fig.
8), 3 km northeast of the slide scar, are related to the
same event. This gives an age for the slide of ca. 3500
cal. BP.
A high-amplitude seismic reflection (only observed in
high-frequency Topas-data, Fig. 7) at the level of the
sand lamina can be traced from the Tautra Ridge, in the
east, to the slide scar, in the west. It is probable that the
sand lamina represents an erosional lag deposited by a
strong current along the sea floor caused by the slide (a
tsunami). The very fine grained and underconsolidated
sediments above the sand lamina may represent sediments eroded and thrown into suspension by the tsunami current. The vague parallel lamination (only
observed with x-ray) in the lower half of the fine-grained interval may suggest that this part was deposited by
the current as a traction deposit, while the upper part
was deposited from suspension after the tsunami. Small
cones of mass-movement deposits (up to 1 km radius)
occur at the same stratigraphic level as the large debris
flow deposit along the steep margins of the fjord at
Rørvik and Flakk (Fig. 1). These smaller slides may
have been released by the tsunami, or by an earthquake
that may have triggered all the slides.

Fig. 13. Shaded relief image derived from multibeam bathymetric
data, showing slide deposits on the sea bed east of Fiborgtangen.
Curved grooves in the sea bed show that sliding has been from the
south-southwest. Note large blocks in the frontal part of the slide.
Illuminated from the northeast, 35º above the horizon.

wide x 800 m long for the westernmost and easternmost slides, respectively (Fig. 17).

A seismic reflector similar to the ca. 3500 cal. BP reflector in the central part of Trondheimsfjorden is observed at ca. 23 m depth at the location of S4 in the inner
part of the fjord (Fig. 9). Upward fining sediments in
the core section at 22-23 m (Fig. 10, ca. 8000 cal. BP)
suggest the presence of a mass-movement deposit. This
could be related to the Storegga Slide tsunami (Bondevik et al. 1997a, b) at 8100 cal. BP. In the central part of
Trondheimsfjorden there are many turbidites and
reflectors at the level of the Storegga Slide tsunami, and
we are therefore unable to identify a turbidite related
specifically to this event without more detailed dating.

The ca. 3500 cal. BP slide and possible tsunami deposits
A large debris flow deposit west of Midtfjordsgrunnen
covers an area of ca. 15 km2. From seismic data (Fig. 6)
we estimate that the thickness is ca. 2 m, which gives a
volume of at least 30 million m3. Swath bathymetry and
seismic data suggest that the source area for the
slide/debris flow was northwest of the deep trench
northwest of Midtfjordsgrunnen, where the sea bed is
severely dissected by slide scars beneath a Holocene
sediment package a few metres thick. The most likely
source is a slide scar 1-2 km wide and 50-100 m deep,
implying that the front of the debris flow has travelled
up to 8 km towards the southwest before it has stopped
on a sea bed sloping only 0.1°. The steep front of the
debris flow deposit is located 1.3 km northeast of core
MD99-2292, but seismic data indicate that one of the
sandy turbidites around 9 m depth in MD99-2292 can
be correlated with the debris flow deposit. Seismic data

Sedimentation rates and frequencies of
mass movements
Sedimentation rates have been calculated from radiocarbon dates (Table 1), core descriptions and seismic
data. Uncertainties in the calculations vary due to
uncertainties in radiocarbon ages (we have used average ages from the 1 sigma cal. BP range), recovery (8085% for the deep boreholes, and intervals of hemipelagic sediments and mass-movement deposits are missing), and in some cases difficulties in identification of
boundaries between turbidites and hemipelagic deposits. We assume that the errors in the calculations are
generally less than 10%. Relative sedimentation rates
(based on dating results only) are shown in Fig. 18.
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Fig. 14. Topas line NGU9910161 showing a large sediment block (ca. 5 m
thick and measuring 100x100 m) in
the frontal part of the slide east of
Fiborgtangen. See Fig. 2 for location.

At S2, the sedimentation rate during the past 6400 cal.
years has been 1.5 mm/year, with mass movements
occurring at an average rate of 2.4 per 1000 years. The
interval with many thin turbidites at 4-6 m depth was
deposited approximately 3-4000 cal. years ago, and
major events occurred around 1700, 2300, 4000 and
6000 cal. BP. In the time interval 6400-9000 cal. BP, the
average sedimentation rate was 8.4 mm/year, while in
the lower part of the core it was tens of millimeters per
year.
GC03 represents a condensed sequence, in which the
sedimentation rate between intervals of turbidity current sedimentation has been low. Seismic data indicate
that the base of the uppermost stratified unit occurs at
3 m depth at GC03 (Fig. 3), which gives a sedimenta-

tion rate of 0.4 mm/year over the past ca. 7400 cal.
years. Fig. 18 indicates a decreasing sedimentation rate
with time. The average frequency of turbidites in GC03
was approximately 1 per 1000 years. At present it is
lower, possibly 1 per 2000 years.
The ca. 1700 cal. BP debris flow deposit in S2 can be
traced over a N-S distance of ca. 4.5 km. It appears to
have its greatest thickness (1 m) southwest of Rissa
(Fig. 3) and to be derived from that area. Between this
debris flow deposit (which occurs at 5.5-6.5 m at the
site of GC04, Fig. 3) and the two turbidites in GC04
(Fig. 5), seismic data show at least one extra massmovement deposit. At GC04 the mass-movement frequency has thus been ca. 2.4 per 1000 years over the
past 1700 cal. years. The turbidites in GC04 most pro-
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MD99-2292 has been 2.5 mm/year. This is in accordance with a sedimentation rate of 1.7 mm/year measured by Bugge et al. (1999) in Flakkfjorden, and a rate
of 1.4 mm/year in Korsfjorden (GC08). In the central
part of Ytre Orkdalsfjorden, a sedimentation rate of 0.7
mm/year was obtained, while 210Pb-dating of the sediments in the upper part of a core from Flakkfjorden
gave a sedimentation rate of 4.7 mm/year over the past
100 years (Bugge et al. 1999).
The highest sedimentation rate (6 mm/year) in core
MD99-2292 occurred at ca. 3200-4000 cal. BP. At that
time, more than 8 turbidites were deposited per 1000
years. Several turbidites were also deposited in the time
interval 5500-6000 cal. BP. The thick turbidite at 22.4024.01 m is ca. 9000 cal. years old. Seismic data show that
the youngest slide deposit along the fjord slope west of
Flakk is ca. 2 m thick and 1000-1500 cal. years old.
Fig. 15. Shaded relief image derived from multibeam bathymetric
data, showing debris flow deposit on the sea bed east of Strandholmen. Illuminated from the northeast, 35° degrees above the horizon.

Fig. 16. Topas line NGU9910166 showing debris flow deposit on the
sea bed east of Strandholmen. Sliding has been from the southwest.
See Fig. 2 for location.

bably derive from the Kvithyll area, where there is a
submarine fan at the base of the steep fjord slope. Seismic correlation to S2 suggests that a lower mass-movement deposit in the Kvithyll fan is 4000 ± 500 cal. years
old.
The dating results show that the highest sedimentation
rates over the past few thousand years have been in
Flakkfjorden/Korsfjorden. The average sedimentation
rate during the past 8400 cal. years at the site of core

In the trench northwest of Midtfjordsgrunnen (Fig. 1)
we have calculated very constant hemipelagic sedimentation rates of 0.9 mm/year at S5 (0-8800 cal. BP), 0.9
mm/year at G07 (0-4840 cal. BP) and 0.7 mm/year at
G09 (0-6800 cal. BP). No turbidites, but one bottom
current deposit probably related to a slide-generated
tsunami (see above), were recorded in S5 over the past
8800 cal. years. During 8800-11 800 cal. BP, the sedimentation rate was ca. 3.0 mm/year. The strongly disturbed nature of these old sediments, with partly amalgamated and eroded slide/debris flow deposits (Fig. 7),
makes calculation of slide frequency difficult. It appears, however that 4-5 large and several smaller slides
occurred, giving a frequency of 1-2 large slides and possibly several smaller ones per 1000 years, at that time.
The folding and disturbed nature of the normally consolidated sediments below 10 m in S5 suggest that they
are mainly mass-movement deposits derived from the
area to the north of the deep trench or from the northern slopes of Midtfjordsgrunnen, where numerous
old slide scars occur. The age of 12 110-11 440 cal. BP at
16.80 m depth suggests that the majority of these slides
occurred during the latest Younger Dryas-earliest
Holocene. Also between the Tautra Ridge and the deep
trench east of Leksvik mass movements occurred when
the ice withdrew from the area after the Younger Dryas
ice advance. This is an area of low modern sedimentation rates, and the mass-movement deposits occur
almost at the sea bed.
The dating results and lithological descriptions of S4
(Fig. 10) show that the sedimentation rate at this site
has varied from 1.9 mm/year to 4.3 mm/year over the
past 10 100 cal. years, and that the turbidite frequency
over the past 3800 cal. years has been 1.6 per 1000
years. Major turbidites occur at ca. 400, 2000 and 8000
cal. BP, while smaller turbidites are recorded at ca.
1300, 2600, 3400 and 3700 cal. BP. No turbidites are
observed between 3800 cal. BP and ca. 6800 cal. BP. In
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Fig. 17. Geopulse line NGU9910059 showing the eastern slide deposit, southeast of Ytterøya (inner part of Trondheimsfjorden, ca. 2.5
km north-northeast of Hestøya). Sliding has been from the northwest. See Fig. 2 for location.
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Fig. 19. Chronology of turbidites, slides and debris flows and summary diagram showing periods of large mass-movement activity,
local single events and regional (mass movements at several localities) events in Trondheimsfjorden. O: Outer Trondheimsfjorden from
Agdenes to Rødberg; C: Central Trondheimsfjorden from Rødberg to
Tautra; I: Inner Trondheimsfjorden from Tautra to Ytterøya.

Mass movements in relation to climate
variations
A sedimentary succession of several hundred meters
was deposited in Trondheimsfjorden during the final
stages of the last glaciation. This was caused by high
meltwater discharge and sedimentation and high erosion due to rapid isostatic uplift. At the end of the
Younger Dryas, the ice margin withdrew rapidly from
the fjords. Numerous slides (e.g. north of Midtfjordsgrunnen) and high rates of river erosion and sediment
transport characterise the first 1000 years of the Holocene. Our data indicate that the frequency of slides and
turbidites decreased significantly around 9000 cal. BP
(Fig. 19). This correlates with a warmer and more
humid climate, starting at that time (Hafsten 1987).

Fig. 18. Depth versus age of dated samples from cores in Trondheimsfjorden. Gradients of curves illustrate relative sedimentation rates.

GC06 (Fig. 5), from a wedge of silty clay along the northern margin of the deep trench (Fig. 1), the sedimentation rate over the past 2100 cal. years has been 0.9
mm/year, while the turbidite frequency is 1 per 3000
years. In G03, from the slope of the fjord northwest of
GC06, the sedimentation rate over the past 9600 cal.
years has been only 0.5 mm/year.

The increase in mass-movement frequency during
6000-5500 cal. BP correlates with a climatic deterioration and an increase in slope-wasting processes recorded in western and southeastern Norway since ca. 5800
cal. BP (Nesje & Kvamme 1991; Matthews & Karlén
1992; Nesje & Dahl 1993; Dahl & Nesje 1994; Blikra &
Nemec 1998; Blikra & Selvik 1998; Nesje et al. 2000).
This period, following the warmest phase of the Holocene, is characterized by a colder climate with increased
precipitation and an increase in the number of winter
storms. The glacier-derived record (neoglacial stages)
indicates an overall climatic deterioration from ca.
6000 cal. BP (Dahl & Nesje 1996; Gunnarsdóttir 1996;
Nesje et al. 2000; Barnett et al. 2001), and the pattern of
ice-front oscillations corresponds quite well with the
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colluvial record of Blikra and Nemec (1998). A general
lowering of the tree limits in Scandinavia, from ca. 5800
cal. BP, has also been recorded (Selsing & Wishman
1984; Kullmann 1988; Gunnarsdóttir 1996).

occurred at ca. 400, 1700, 2300, 4000 and 6000 cal.
BP, while numerous thin turbidites were deposited in
the period 3000-4000 cal. BP. The Skauga river has
been an important agent for transporting sediment.

The phase of relatively high turbidite frequency and
sedimentation rates at approximately 4000-3000 cal. BP
(Fig. 19) correlates well with vegetation and upper tree
limit studies showing a regional climatic deterioration
from ca. 4500 cal. BP in Scandinavia and Britain (Bennet 1984; Birks 1988, 1990; Kullmann 1988, 1989, 1993;
Gunnarsdóttir 1996). Neoglacial phases are recognized
since 4000 cal. BP (Karlén & Matthews 1992; Nesje et
al. 1995a; Matthews et al. 2000; Nesje et al. 2000, 2001)
and although the mass balance of glaciers in western
Norway is controlled mainly by changes in winter precipitation (Nesje et al. 1995b), a significant decrease in
summer temperatures after ca. 4000 cal. BP is indicated
by tree-line data (Dahl & Nesje 1996) and vegetation
history (Gunnarsdóttir 1996; Barnett et al. 2001). High
snow avalanche activity at ca. 3800-3000 cal. BP (Blikra
& Nemec 1998) and debris-flow activity from ca. 4400
cal. BP (Matthews et al. 1997) have been recorded in
western Norway. This probably reflects the late Holocene climatic deterioration (Matthews 1991), with
sharper, colder winters and more rainy summers.

• In central Trondheimsfjorden, major slides/debris
flows occurred at ca. 3500 cal. BP and before 9000 cal.
BP. The megaslide at ca. 3500 cal. BP has a volume of
at least 30 million m3. The slide probably caused a
tsunami, and bottom currents related to it can be traced in cores and seismic data over a large part of central Trondheimsfjorden. Many turbidites were deposited in the interval 3200-4000 cal. BP and prior to
5500 cal. BP, with a concentration around 5500-6000
cal. BP and before 9000 cal. BP. The rivers Gaula,
Orkla and Nidelva have been important for transporting sediment in this part of the fjord. Recent slides
occur at the sea bed near Trondheim harbour, in Orkdalsfjorden, and north of Midtfjordsgrunnen. A
major slide in Orkdalsfjorden in 1930 involved movement of up to 60 million m3 of sediment by sliding,
debris flow and turbidity currents.

Although Scandinavia is situated on a relatively stable
continental margin, tectonic activity cannot be ruled
out as a possible triggering mechanism for gravitational-slope failures, especially during the late glacial to
early Holocene phase of rapid glacioisostatic rebound. It
appears that the events at ca. 8000, 3500, 1700 and 400
cal. BP can be observed at several localities in Trondheimsfjorden. This suggests that they may be regional
(Fig. 19) and are possibly caused by earthquakes.

Conclusions
The history of mass-movement deposition in Trondheimsfjorden, central Norway, has been investigated
using high resolution seismic data, swath bathymetry,
deep borehole data and short cores. A comprehensive
radiocarbon-dating program has also been carried out.
The main conclusions are:
• The highest sedimentation rates over the past 6000
cal. years (ca. 2.5 mm/year, reaching 6 mm/year for
short periods) are recorded in central Trondheimsfjorden (Flakkfjorden/Korsfjorden/Ytre Orkdalsfjorden) and inner Trondheimsfjorden. Outer Trondheimsfjorden was an area of high sedimentation rates
before ca. 7000 cal. BP (>8 mm/year), while sedimentation rates were high in all areas before 9000 cal. BP.
• In outer Trondheimsfjorden, major mass movements

• In inner Trondheimsfjorden, major turbidites occur at
ca. 400, 2000 and 8000 cal. BP, while smaller turbidites are recorded at ca. 1300, 2600, 3400 and 3700 cal.
BP. Relatively young slides occur at the sea bed at
Strandholmen, Fiborgtangen and south of Ytterøya.
There is no trace of the major slide "Verdalsraset" in
sediments in drill cores south of Ytterøya, which indicates that turbidites are locally derived.
• Several slides (some caused by human activity) have
occurred over the past 100-200 years. Regional events
(observed at several localities and possibly caused by
earthquakes) are recognized at ca. 400, 3500 and
before 9000 cal. BP. Periods of large mass-movement
activity at 3000-4000 cal. BP and 5500-6000 cal. BP
correlate well with periods of climatic deterioration
recorded in Western Norway.

Acknowledgements: - The authors thank Industrikraft Midt-Norge,
NGU and NPD for the kind permission to publish this paper. We
would also like to thank all our co-workers at NGU (especially Eirik
Mauring and Heidi A. Olsen), NGI and Statoil who participated during
collection of the data presented here. We are grateful to Jean-Louis
Turon and Haflidi Haflidason, who kindly provided us with samples
for radiocarbon dating and onboard lithological core descriptions of
core MD99-2292. Karen Luise Knudsen and co-workers kindly selected
the material for radiocarbon dating. Dating was carried out at the AMS
14C Dating Laboratory at the University of Aarhus, Denmark. Reported δ13C values were measured by Árn‡ E. Sveinbjörnsdóttir (University of Iceland) in connection with the Aarhus-Reykjavík AMS 14C
dating collaboration. Three samples were dated at the Leibnitz AMS
Laboratory, Christian-Albrechts-Universität, Kiel, Germany. Colm Ò
Cofaigh, Stein Bondevik and Kåre Rokoengen are thanked for constructive reviews.

NORWEGIAN JOURNAL OF GEOLOGY

References
Aarseth, I., Lønne, Ø. & Giskeødegaard, O. 1989: Submarine slides in
glaciomarine sediments in some western Norwegian fjords. Marine
Geology 88, 1-21.
Barnett, C., Dumayne-Peaty, L. & Matthews, J. A. 2001: Holocene climatic change and tree-line response in Leirdalen, central Jotunheimen, south central Norway. Review of Palaeobotany and Palynology
117, 119-137.
Bennett, K.D. 1984: The post-glacial history of Pinus sylvestris in the
British Isles. Quaternary Science Reviews 3, 133-150.
Birks, H.J.B. 1988: Long-term ecological changes in the British
uplands. In Usher, M.B. & Thompson, D.B.A. (eds.) Ecological
Change in the Uplands. Oxford: Blackwell Scientific Publications,
37-56.
Birks, H.J.B. 1990: Changes in vegetation and climate during the
Holocene of Europe. In Boer, M.M. & De Groot, R.S. (eds.) Landscape-Ecological Impact of Climatic Change. Amsterdam: IOS Press,
133-158.
Bjerkli, K. & Olsen, H.A. 1989: Maringeologisk kartlegging i området
Trondheim-Hommelvik, Sør-Trøndelag. Norges geologiske undersøkelse Rapport 89.047, 10 pp.
Bjerkli, K. & Olsen, H.A. 1990: Refleksjonsseismiske undersøkelser av
skredaktivitet i Trondheim havn, Sør-Trøndelag. Norges geologiske
undersøkelse Rapport 90.099, 11 pp.
Bjerrum, L. 1971: Subaqueous slope failures in Norwegian fjords. Norwegian Geotechnical Institute Publication 88, 1-8.
Blikra, L.H. & Nemec, W. 1998: Postglacial colluvium in western Norway: depositional processes, facies and palaeoclimatic record. Sedimentology 45, 909-959.
Blikra, L.H. & Selvik, S.F. 1998: Climatic signals recorded in snow
avalanche-dominated colluvium in western Norway: depositional
facies successions and pollen records. The Holocene 8, 631-658.
Bondevik, S., Svendsen, J.I., Johnsen, G., Mangerud, J. & Kaland, P.E.
1997a: The Storegga tsunami along the Norwegian coast, its age
and runup. Boreas 26, 29-53.
Bondevik, S., Svendsen, J.I. & Mangerud, J. 1997b: Tsunami sedimentary facies deposited by the Storegga tsunami in shallow marine
basins and coastal lakes, western Norway. Sedimentology 44, 11151131.
Bugge, T., Næss, A., Riis, F., Sand, M. & Sjulstad, H.I. 1999: Submarine
erosional channel formed by the river Gaula in Trondheimsfjorden, Mid-Norway (extended abstract). In Norwegian Petroleum
Society (ed.) Sedimentary environments offshore Norway - Palaeozoic to Recent. Grieghallen, Bergen, Norway, 3-5 May 1999, 253256.
Bøe, R., Hovland, M., Instanes, A., Rise, L. & Vasshus, S. 2000: Submarine slide scars and mass movements in Karmsundet and Skudenesfjorden, southwestern Norway: morphology and evolution.
Marine Geology 167, 147-165.
Bøe, R., Lyså, A., Longva, O., Mauring, E., Olsen, H.A., Rise, L. & Totland, O. 2003: Avsetningsmiljø og sedimentære prosesser i Trondheimsfjorden og Trondheimsleia. Den 18. Vinterkonferansen, Oslo
6.-8. januar 2003. NGF Abstracts and Proceedings, no. 1, 2003, p. 14.
Dahl, S.O. & Nesje, A. 1994: Holocene glacier fluctuations at Hardangerjøkulen, central-southern Norway: a high-resolution composite
chronology from lacustrine and terrestrial deposits. The Holocene
4, 269-277.
Dahl, S. O. & Nesje, A. 1996: A new approach to calculating Holocene
winter precipitation by combining glacier equilibrium-line altitude and pine-tree limits: a case study from Hardangerjøkulen,
central southern Norway. The Holocene 6, 381-398.
Emdal, A., Janbu, N. & Sand, K. 1996: The shoreline slide at Lade.
Landslides. Proceedings of the seventh international symposium on
landslides. Trondheim 17 –21 June 1996. A. A. Balkema, Rotterdam.
Flaate, K. & Janbu, N. 1975: Soil exploration in a 500 m deep fjord,

Holocene mass movement, Trondheimsfjorden

21

western Norway. Marine Geotechnology 1, 117-139.
Gunnarsdóttir, H. 1996: Holocene vegetation history in the northern
parts of the Gudbrandsdalen valley, south central Norway. Unpubl.
Dr. Scient. Thesis No. 8, University of Oslo, Oslo.
Gunnleiksrud, T. 1982: Seismic profiling and seafloor sampling in
Orkdalsfjorden 1981. Institutt for kontinentalsokkelundersøkelser
Rapport P-155/8-81, 19 pp.
Hafsten, U. 1987: Vegetation, climate and evolution of the cultural
landscape in Trøndelag, Central Norway, after the last ice age.
Norsk Geografisk Tidsskrift 41, 101-120.
Holtedahl, H. 1965: Recent turbidites in the Hardangerfjord, Norway.
Colston Res. Soc. Proc. 17, 10-141.
Karlén, W. & Matthews, J. A. 1992: Reconstructing Holocene glacier
variations from glacier lake sediments: studies from Nordvestlandet and Jostedalsbreen-Jotunheimen, southern Norway. Geografiska Annaler 74A, 327-348.
Karlsrud, K. & By, T. 1982: Stability evaluation for submarine slopes results of new investigations of the Orkdalsfjorden slide. Norwegian Geotechnical Institute Report 52207-9, 15 pp.
Kullman, L. 1988: Holocene history of the forest-alpine tundra ecotone in the Scandes Mountains (central Sweden). New Phytologist
108, 101-110.
Kullman, L. 1989: Tree-limit history during the Holocene in the Scandes Mountains, Sweden, inferred from subfossil wood. Review of
Palaeobotany and Palynology 58, 163-171.
Kullman, L. 1993: Dynamism of the altitudinal margin of the boreal
forest in Sweden. In Frenzel, B. (ed.) Oscillations of the alpine and
polar tree limits in the Holocene. Paläoklimaforschung 9, 41-55.
Løfaldi, M., Løken, T., Rise, L. & Rokoengen, K. 1981: Kvartærgeologiske undersøkelser av kvikkleireskredet i Rissa ved Trondheimsfjorden. Institutt for kontinentalsokkelundersøkelser Publikasjon 107,
31 pp.
Matthews, J.A. 1991: The late neoglacial ('Little Ice Age') glacier maximum in southern Norway: new 14C-dating evidence and climatic
implications. The Holocene 1, 219-233.
Matthews, J.A. & Karlén, W. 1992: Asynchronous neoglaciation and
Holocene climatic change reconstructed from Norwegian glaciolacustrine sedimentary sequences. Geology 20, 991-994.
Matthews, J. A., Dahl, S. O., Berrisford, M. S., Nesje, A., Dresser, P. Q. &
Dumayne -Peaty, L. 1997: A preliminary history of Holocene colluvial (debris-flow) activity, Leirdalen, Jotunheimen, Norway. Journal of Quaternary Science 12, 117-129.
Matthews, J. A., Dahl, S. O., Nesje, A., Berrisford, M. S. & Andersson,
C. 2000: Holocene glacier variations in central Jotunheimen, southern Norway based on distal glaciolacustrine sediment cores.
Quaternary Science Reviews 19, 1625-1647.
Nesje, A. & Dahl, S.O. 1993: Lateglacial and Holocene glacier fluctuations and climate variations in western Norway: a review. Quaternary Science Reviews 12, 255-261.
Nesje, A. & Kvamme, M. 1991: Holocene glacier and climate variations
in western Norway: evidence for early Holocene glacier demise and
multiple Neoglacial events. Geology 9, 610-612.
Nesje, A., Dahl, S. O. & Løvlie, R. 1995a: Late Holocene glaciers and
avalanche activity in the Ålfotbreen area, western Norway: evidence from a lacustrine sedimentary record. Norsk Geologisk Tidsskrift 75, 120-126.
Nesje, A., Johannessen, T. & Birks, H. J. B. 1995b: Briksdalsbreen, western Norway: climatic effects on the terminal response of a temperate glacier between AD 1901 and 1994. The Holocene 5, 343-347.
Nesje, A., Dahl, S. O., Andersson, C. & Matthews, J. A. 2000: The lacustrine sedimentary sequence in Sygneskardvatnet, western Norway:
a continuous, high-resolution record of the Jostedalsbreen ice cap
during the Holocene. Quaternary Science Reviews 19, 1047-1065.
Nesje, A., Dahl, S.O., Matthews, J.A. & Berrisford, M.S. 2001: A ~4500year record of river floods obtained from a sediment core in lake
Atnsjøen, eastern Norway. Journal of Paleolimnology 25, 329-342.

22

R. Bøe et al.

Oftedahl, Chr. 1978: Glacial clay basins in Trondheimsfjorden. IKU
Publication 84, 17 pp.
Ottesen, D., Frengstad, B. & Rokoengen, K. 1995: Deglaciation of the
outermost Trondheimsfjord area, mid-Norway. Norges geologiske
undersøkelse Bulletin 427, 60-63.
Reite, A. J. 1994: Weichselian and Holocene geology of Sør-Trøndelag
and adjacent parts of Nord-Trøndelag county, Central Norway.
Norges geologiske undersøkelse Bulletin 426, 1- 30.
Reite, A. J. 1995: Deglaciation of the Trondheimsfjord area, Central
Norway. Norges geologiske undersøkelse Bulletin 427, 19-21.
Reite, A.LJ. & Olsen, H.A. 2002: LEKSVIK 1622 III, kvartærgeologisk
kart, land- og sjøarealer - 1:50.000. Norges geologiske undersøkelse.
Rise, L., Bøe, R., Lyså, A., Olsen, H.A. & Sveian, H. (in prep.): Quaternary stratigraphy and deglaciation history of Trondheimsfjorden.
Sakshaug, E. & Sneli, J.-A. (eds.) 2000: Trondheimsfjorden. Tapir Forlag, Trondheim, 336 p.
Selsing, L. & Wishman, F. 1984: Mean summer temperatures and circulation in a Southwest Norwegian mountain area during the
Atlantic period, based upon changes of the alpine pine-forest limit.
Annual Glaciology 5, 127-132.
Stuiver, M. & Polach, H.A. 1977: Discussion of reporting 14C data.
Radiocarbon 19, p. 355.
Stuiver, M. & Reimer, P.J. 1993: Extended 14C data base and revised
CALIB 3.0 14C age calibration program. Radiocarbon 35, 215-230.
Stuiver, M., Reimer, P.J., Bard, E., Beck, J.W., Burr, G.S., Hughen, K.A.,
Kromer, B., McCormac, G., van der Plicht, J. & Spurk, M. 1998:
INTCAL98 Radiocarbon age calibration 24,000-0 cal. BP. Radiocarbon 40, 1041-1083.
Sveian, H. 1989: Stiklestad. Quaternary geological map M711 1722 IV,
Scale 1:50,000, with description. Norges geologiske undersøkelse
Skrifter 89, 1-54.
Syvitski, J.P.M., Burrell, D.C. & Skei, J.M. 1987: Fjords: Processes and
Products. Springer-Verlag, New York, 379 pp.
Terzaghi, K. 1957: Varieties of Submarine Slope Failures. Norges Geotekniske Institutt Publikasjon 25, 1-17.

NORWEGIAN JOURNAL OF GEOLOGY

