
BJ0RN A. FOLLESTAD NG U -BU LL 44 1, 2 0 0 3 - PA G E 39

Development of minor late-glacial ice domes east of
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undersekelse Bulletin 441,39-49.

Glacial st riat ions and ice-marginal for ms such as lateral mora ines and meltwater channels show t hat a major north
westerly -directed ice flow invaded t he Opp dal area prior to the Younger Dryas (YD) Chronozo ne.Through the main
valley from Oppda l to Fagerhaug and Berkak, a northerly ice flow followed the major northwesterly-dir ected flow
and is correlated wi th th e early YD marginal deposits in th e Sto res area. A marked, younger, westerly-di rected ice
flow from a late-glacial dome east of the Oppd al area is thou ght to correspond wi th th e Hoklin gen ice-marginal
deposi ts dated to the late YD Chronozone in the Trondheimsfjord district . In the main Oppdal-Faqerhauq-Berkak
valley, th is younger ice flow turne d to the southwes t and can be traced southwards to th e Oppd al area where it
jo ined the remnants of a glacier in th e Drivdalen valley. Alon g the western side of the mountain Allmannb erget, a
prominen t set of lateral, g lacial meltwater channels indi cates a drainage which turn ed westward as it met and coa
lesced with th e N-S orientated glacier in Drivdalen.The mountain ridg e linking Allm annberget (1342 m a.s.l.) and
Slssihoa (1621 m a.s.I.) was a nunatak standing up above the se two merging valley glaciers.
The surface of the inland ice represent ed by the Knutsho moraine systems at c. 1300 m a.s.l, in th e Hjer kinn area did
not cover the Stororke lsjoen lake (1058 m a.s.l.), as it terminated in th e run -off pass between the Folld alen and
Einnund alen valleys, sout heast of the Hjerkinn area. It is therefore concluded that th e Knutsho event, which is
thought to belong to the Preboreal Chron ozone, is younger than this easterly-situated glacial do me and thu s sup
por ts a late YD age for the glacial do me east of Oppd al.The lower-lying, lateral, glacial meltwater channel s indicate
th e presence of rath er passively melt ing valley glaciers in th e Oppd al area.Thus, it is th ought th at the deglaciat ion of
the main Oppd al-Faqerhauq-Berkak valley area was more or less completed before the Knut she event occurred in
th e Hjer kinn area. The glaciofluvial drainage patt erns dem onstrated in th isstudy by th e margi nal flushed areas and
meltwater channels have provided impor tant data for a det ailed model of the deglaciation and the dist ribut ion of
glacial domes in this part of Norway.

Bjem A.Follestad, Norgesgeologiskeundersekeise, N-7491Trondheim, Norway.

Introduction
The Oppdal area (Fig. 1) has a key position in conn ecting the

western, northern and eastern parts of cent ral South

Norway during th e Weichselian glaciation. However, only a
few authors,e.g.,Lekas (1955), Sollid (1964, 1968), Sollid et al.

(1980), Reite (1990, 1994) and Sveian et al. (2001) have dis

cussed the deglacialtion history of the area. The most

detailed description is that of Lekas (1955) for the valley of

Jernbanedalen, which is the valley between Oppd al and

Berkak. Revisions of the existing maps at scalesof 1:100,000

(Sollid et al. 1980) and 1:250,000 (Reite 1990) were carried

out du ring the years 2000-20 02. In this paper the new results

are combined with the existing map data and used for the

establishment of a deglaciation model for the Oppdal area.
The fo llow ing issues wil l be considered in this contribution:

(1) the extension and ice-surface gradient of the inland

ice sheet during different stages of deglac iation , discussed

on the basis of the distribution of lateral morain es and lat

eral-/ sublatera l glacial meltwater forms and glaciofluvial
deposits found at different alt itudes;

(2) attempts to relate th ese glacial surfaces to the gener

ally accepted degl aciation model in Sor-Trendelaq and More

& Romsdal counties, as described e.g., by Follestad (1994),

Reite (1994) and Sveian et al. (2001).
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Fig. 1.Out line map of Ser-Tronde laq county showing the location (box)
of the Oppd al area.
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Fig . 2. A:The for mat ion of mel twater channels at the margins of a sub

polar glacier according to Em bleton & King 1975 in Benn & Evans
(2002), sligh tly mod ifie d by the author. As the marginal stream under

cuts the ice edge , the ice margin collapses and sub-marginal drainage

will take place . B: Marked drainage features formed in the area of a run 
off pass during the deglacia tion of an area where nunataks stand up in

a c1imato logically passive inland ice. The features are modified slightly
from the fi rst version , presen ted in Follestad & Thoresen (1999). Eskers
are formed against the terrain in the proximal areas of the run-off pass.

Slukaser are for med and deposit ed on the distal side of the run -off pass.
Here, accumulation will take place in the unsaturated subg lacial water

zone of the passive inland ice as the drainage velocity gradually
decreases and app roaches zero in the saturated parts of the glacier.

Flushed zones and marginal channels will be formed abo ve and into the
run-off pass.The lowest possible marginal channel wi ll be determined

by the alt itu de of the run-off pass and will look like a shoreline.
However, sorted material ascribed to wave washing in an open ice

dammed lake is m issing .
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ier or inland ice in the lowe r part s of the terrain. Follestad

(1997) described marked erosion gu llies and glaciofluvial

accumu lat ion s on the distal side of run -off passes, and con

cluded that onl y a subglac ial dra inage through the run-off

passes could exp lain the se format ions. In some of the run

off passes he described glaciofluv ial accum ulations at differ

ent alt itudes downhill. As the alt itu de of th ese deposits in a

distal posit ion from a run-off pass will be determ ined by the

subg lacial water tabl e in th e distal areas,a falling water table

will create a new, low er lying ,accumulation base (Fig. 2B).

Glacial striation s and erratic blocks have been used for

the locat ion of ice divides since Hansen (1895) int roduced

the term. In com binat ion wi t h reconstru ctions based on the

marg inal mo raines, glacia l str iations have been used for

estab lishing the positions of ice divides and mig rat ion of

Deglaciation models based on ice
mar9inal moraines and systems of
qlaclofluvial meltwater channels
Ice-marginal tnoraines, such as lateral moraines and end
tnoraines, have been used for th e reconstruct ion of th e ice

recession in Norway, since Andersen (1954) made the first

reconst ruct ion of th e surface of the glacier in Lysefjord en in

Sout hwest Norway based on lateral moraines. Later investi

gations have used this method and show n its value for mod

elling th e extension of th e glaciers and the expected posi

tions of the ice margins in southern, western and northern

Norway; e.g., Andersen (1960, 1968, 1975), Soli id (1964),

Anundsen & Simonsen (1968), Follestad (1972), Fareth

(1987), Reite (1990, 1994),and Sveian et al. (2001).

Patterns of marginal systems of meltwater channels are,

together wit h glacial striations the major sou rces of informa

tion for reconst ruction of ice divide s and run-off model s in

the Swedish parts of t he Scandinavian mountain chain (e.g.,

Kleman & Borgstrom 1995).

In Norway, Hansen (1886) described th e distribution of

'shorelines' in ice-dammed lakes and established the first

model of 'glacial lakes' formed south of th e present-day

water divide. Later geoscientists have used this concept

(e.g., Holmsen 1915). The value of me ltwa ter channels

(Swed ish: skvalrennor ) was first recognised and added to the

deglaciation model by Mannerfelt (1940). He found that lat

eral channels and 'nunatak lines' proved th at th e peaks in

the Rondane Mountains were real nunataks and stood up

above a clima tologically passive inland ice. Later, Gjessing

(1960) introduced the concept of subglacial drainage and a

corresponding water table in the ice/i ce-tunnel systems,and

concluded th at subglacial run-off passes have a geomor

phologica l effect on the landforms in a pro ximal direction .

He though t t hat thi s concept could be used to explain the

marked geomorphological form s in Southeast Norway.This

idea precipitated a rath er violent debate and his mode l was

rejected by, e.g., Hopp e (1960) and Holmsen (1967).

Piotrowski (1997) and Piotro wski et al. (1999) reported

that subg lacial drainage is th e main factor in th e form at ion

of tunnel valleys and the distri bution of fine -gra ined sedi

ments in areas proximal to the glacier fro nt. Benn & Evans

(1998) di scussed the formation of latera l mel twater chan

nels at the margins of a subpolar glacier. They concluded

th at th ese form ations could develop in a marginal or even

sub-marginal position (Fig.2A).

Follestad (1997, 2000) fou nd that meltwater channels

described as 'shorelines' and formed in open g lacially

dammed lakes (e.g., Holmsen 1915, Sollid & Carlson 1980),

generally could be exp lained as meltwater channels form ed

in the pro ximal areas to run-off passes.These 'shorelines'are,

in many areas,found to represent the lowest limi t for flu shed

zones along the valley as described by Follestad (2000).

These flu shed zones reach up to 10-50 m above the 'shore

line' and can only be explai ned by vio lent glaciofluvial

drainage bet ween the hill side and a passive remaining glac-
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younger glacial dom es and ice div ides during the deglacia

tion in Norway, e.g., Rye & Follestad (1972), Vorren (1973),

Bergersen & Garnes (1981), Olsen (1983,1985) and Nesje et

al. (1 988).

Topography of the Oppdal area
Barrett (1900) and Reusch (1905) recognised tributary val

leys of the 'fish hook type'and not iceable ledges in the valley
sides in an older pregl acial relief.Holt edahl (1949) measured

and described these ledges west of Oppd al up to c. 530 m

a.s.l.: and he considered th ey were of a fluvi al or igin from

before the beginning of the Ice Age. During the glacial cycle

of the Ice Age a younger valley system, know n as the Driva

Sunndalen valley, was eroded into the old preglacial valley.
This valley became an important topographical feature for

drainage of the inland ice in a westward direction (Holtedahl

1953, 1960).

From this description of the terrain it mig ht be con
clud ed that the old terrain, consisti ng of the high plateau

1100-1300 m a.s.l. and outstanding peaks such as, e.g.,

Stororkelhoa 1524 m a.s.1. and Snohetta 2286 m a.s.l., cut
through by an old major valley system of fluv ial origin

before the beginning of the Ice Age (HoltedahI 1949),was an
important facto r in the development of ice surfaces dur ing

th e different phases of glaciation.Thus, this old landscape
and the younger Driva-Sunndalen valley, together with the

remaining surface of the inland ice at the end of th e

Weichselian glaciation, and the main routes of the atmos

pheric cyclones with their associated heat f low and precipi 

tat ion, would have had to have acted tog ethe r to determine
the development of deg laciation in the Oppdal area.

Marginal moraines and meltwater
channels in the Oppdal area
As noted above, l.ekas (1955) has given a detailed descrip
tion of the surficial deposits in valley of Jernbanedalen,

whic h in this paper is called the Oppdal-Faqerhauq-Berkak

valley. He found that a number of Quaternary ice deposits

such as the marginal terraces along the southwestern side
of the valley, the nearly horizonta l terrace in the lower part

of the valley,and the great esker in the bottom of the valley,

are all formations which show evidenc e of a westerly

directed glaciofluvial drainage.These form s and deposits, as

well as those on the hig h plateau and in the valley east of
the Oppdal-Faqerhauq-Berkak valley, seem to fit int o a pat

tern which will be further documented here and used for a

tentative reconstruction of the marked ice surfaces present

in the area.

Marginal moraines in the Oppdal area
The area west of Oppdal-Berkak can be characterised as a

glaciall y sculptured landscape with th e pronoun ced

Oppd al-Faqerhauq-Berkak valley cutting through an area

surrounded by mountains, the highest reaching up to c.
1560 m a.s.l,

During the glacial cycles, cirq ues and cirques valleys

were formed along the sides of the main Sunndalen

Oppd al-Drivdalen valley. In the Oppd al area, Holtedahl
(1949) found no evidence for a younger cirque glaciation

and he concluded that the glaciation limit was far above

these cirqu es duri ng the period of deglaciation. On the map

comp iled by Sollid et al. (1980), disti nct younger cirque

moraines are show n in th e western part sof the Oppd al area.
Such features have also been described by Follestad (1994)
from th e adjacent areasofTro llheime n (Fig. 1).

On the western side of the Oppd al-Faqerhauq-Berkak

valley, lateral moraines and lateral meltwater channels have

been recorded by Sollid et al. (1980) and remapped by NGU

in 2002. The high est and most westerly situated lateral

moraine ridge (Figs.3 and 4) is very distinc t and reaches an

altitude of c.1320 m a.s.l. in the southern part of the valley
side west of the lake Stavsjoen (1114 m a.s.l), Here, marked

lateral morai nes occur as a belt of ridges, which can be fol 

lowed northwards for c. 3 km. These form s termin ate at

c.1220 m a.s.l. in the lake Stavsjoen area where some of the

moraine ridge s are up to 5 m high. Farth er downhil l, marked

flushed areas and lateral channels occur.They all slope in a

northward direction to wards a marked run-off pass at c.
1100 m a.s.1. west of the mou ntain Storhea (1167 m a.s.I.). A

small, but rather disti nctive , terrace-shaped accumulat ion of

Fig. 3. A glacier profi le is tentatively recon
struc ted thr ough the main Oppdal
Fagerhaug-Berkak valley and ext rapolated
to th e Storasarea in th e northern part of the
Meldalen valley. On the basis of lateral
moraines and lateral meltwater channels,
th e early/mi ddle VD-ice surface (F1) and the
correlated ice surface (F2) in th e Olmd alen
valley and the Late YD ice surface (F3) are
indicated. It can be noted that th e final
drainage shown by 'arrows'from the bottom
of Innerdalen was towards th e Oppd al area.
The alti tude of th is feature will have been
determined by th e botto m of the run-off
pass in the main Oppd al- Fagerhaug valley
(570 m a.s.l),
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Fig. 4. Distribu tion of ice-marg inal forma
tion s such as lateral moraines, lateral mar
gina l/submarginal meltwa ter channels and
flushed areas of bedrock in th e Oppdal
area.

glaciofl uvial material is located on th e nor thern side of this
run-off pass (Fig. 4), proving that meltwate r drainage was

towards th e north. These featu res, to geth er with lateral
moraines farthe r north, are plotted in a profile follow ing th e

main Oppd al-Fagerhaug- Berkak valley to the Storas area
(Fig.3).

As show n in Fig. 3, th ese high-lying moraine ridge s may

represent a corresponding surface for a glacier in the
Oppda l-Fagerhaug area which may have reached as far

north west as Storas,as suggested by Reite (1990).As the dis-

tance to the Storas deposit is some 45 km from Oppdal vil

lage. th is indicates a mean ice-surface gradien t of 28 m/km.

The terrain gradient over the same distance is c. 11 m/km.

giving a relat ive gradient of c. 17 m/km. This is a steep.

though acceptable, terrain -guided grad ient for glacier sur

faces of YD age (e.g.•Fareth 1987, Follestad 1972).

The marked t rim line (Fig. SA-B) seen along the south

western side of the Olmdalen valley rises from c.1300 m a.s.l.

along the northern valley side of the mountain Sissihoa
(1570 m a.s.1) to c. 1400 m a.s.l, near Krinqsalen (Fig. 4).This
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indicates that t ributary glaciers entered the main Oppd al
Fagerhaug-Berkak valley from the Olmdalen, Langveldalen

and Innerdalen areas. As ind icated by the above-mentioned

t rim line, the ice f lowed in a nor therly direct ion and origi

nated from an inland ice sheet with a surface which reached

up to c. 1400 m a.s.1 in the easte rn plateau areas above the
Veslnesa mou ntain (Fig. 4). The lateral moraine (c.1020 m

a.s.l.) at the mouth of Langveldalen (Fig.6, see Fig.4 for loca
t ion), and mo raines and marginal meltwater channel s along

the western side of the main Oppda l-Faqerhauq-Berkak val

ley (Figs.3 and 4), indicate a northerly-sloping glacier in th e

main valley as long as th e surface of the inland ice sti ll

reached above c. 1000 m a.s.1. Below an altitude of c.l 000 m

a.s.l., a marked change in the drainage direction of the melt
water channels can be observed, e.g., in the lake Stavsjoen

area (Figs. 3 and 4). These southerly and southwesterly

NGU - BU LL 441 , 200 3 - PA G E 4 3
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Fig. 5. A: A SPOT sate lli te image of the studied area in the Oppdal 
Stororke lsjoen district. Marked north erly-directed dru mlin features can
be seen in th e centre of t he image.To t he right there are younger and
westerly- directed drum lin features. For names, see Fig. 4. The SPOT
image is provided by Statens kartverk , Arendal, and has been colour
coded by Joh n Dehls (NGU).B:A marked tr im line is falling from c. 1400
m a.s.1. in th e south (left Kringsalen, 1850 m a.s.l.) to c.1300 m a.s.1. in the
eastern valley slope of Sissihoa mount ain (central parts of the pho to).ln
the foregro und a marked erosional canyon has cut through a glacioflu
vial deposit .The upper limit for this deposit is at c. 1020 m a.s.1. Photo 
BA Follestad, 2001. C: Marginal lateral meltwater channels along the
western valley slope of Olmdalen indicate a vertica l downmelti ng of the
inland ice during a later phase of the deg laciation .The photo is taken
from Sto rorkelhea (1524 m a.s.I.).The Stororkelsjeen lake can be seen in
the middle part of the photo.Photo - BA Follestad,2001.

drainage features, seen along both the western and the

eastern valley sides,will be described and discussed below.

Marginal channels in the Stororkelsjeen area
The Stororkelsjoen area (Fig. 4) east of the Oppd al

Fagerhaug-Berkak valley is dom inated by a high plateau

some 1100 m a.s.l., w ith out standi ng mountains such as

Stororkelhoa (1524 m a.s.I) and Krinqsalen (1580 m a.s.l .).

The basin between the se mountains is occupied by the

Stororke lsjoen lake.To the south, a marked valley runs into
the lake Fundin area in the county of Hedmark. North of the

lake Stororkelsjoen the terrain generally slopes towards the

north.

This geomorphology exposes several, more or less dis

t inct, run-off passes where marginal lateral channels and

related features, such as f lushed surfaces of bedrock, are
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Fig.6.A marked lateral moraine at 1020 m a.s.l.east
of the Langveldalen valley. The lateral moraine
shows a fall ing gradient into the valley of
Langveldalen.Photo - BA Follestad, 2000.

quite common. An outline of these lateral systems is pre
sented below. More comprehensive descript ions are given

in an Appendix file which can be obtained from th e aut hor

upon request.

In the Veslnosa Mountain ( 1382 m a.s.l. ) area, two sets

of lateral meltwater drainag e systems have been recorded

(Fig.4).These show a northerly-directed, marginal glacioflu

vial drainage along the eastern side of Veslnosa through a

run-off pass situated at 1360 m a.s.!. (Fig. 9 and App end ix

fi le).These drainage systems can be followed to th e western

side of Veslnosa where marked glaciofluvial dep osits occur
at c.1220 m a.s.!.ln the text th at fol lows, these format ions are

referred to as drainage systems (1a) and (1b) (Fig.4).

In the Olmdalen area marked meltwater channels are

present along th e western side of th e valley (Fig. SA and C).

These lateral channels reach up to c.1300 m a.s.l,and can be

follo wed more or lesscont inuously into northwestern parts

of the Olmdalen valley.The gradient of th ese channels is c.1 3

m/km. In the furthe r text below, these margi nal forms are

referred to as (2a) (Fig.4).More detailed descripti onsofthese

drainage systems are given in the Appendix.
Along the western side of the Unndalen valley (Fig. 4),

prominent marginal channe ls are seen which are po int ing
into the marked run-off pass situated at 1192 m a.s.1. (Fig. 7).

The run-off pass, which is 3-400 m wide in its upper parts,

has large areas of fl ushed rocks and well developed mar

ginal channels. In the bottom of this run-off pass a marked

10-20 m-broad and 5-10 m-deep canyon can be followed

downhill in a distal direct ion for some 4 km. Two dist inct

accumulations are seen along the edges of the canyon at

alt itudes of 1120 m a.s.l and 880 m a.s.l,The upper one can

be followed cont inuously down to 1040 m a.s.l,where it ter 

minates (Figs. 8 and SA). Both depos its have rathe r irregul ar

surfaces wi th several dep ressions, here interpreted as kettle
holes. Minor sections expo se poorly sorted gravelly sand. In

the text that follows, these forms are referred to as drainage
systems (2a) and (2b) (Fig.4).

From th e drainag e systems (1a), (1b), (2a) and (2b) it can

be concluded that the marginal channels and meltwater

deposits, characterised by irregulariti es in the surface and

poorly stratified glaciofluvial mate rial, were formed in close

contact with the remaining inland ice in the plateau area

around Stororkelsjoen and in th e main valley of Oppdal
Faqerhauq-Berkak. This indicates that the correspo ndi ng

surface of the inland ice on the plateau area had to be situ 
ated at least 1360 m a.s.1 for mel twate r to be able to ente r

the main valley through th is run-off pass on the mountain

Veslnosa (1382 m a.s.l).The posit ion and format ion of the lat
eral or sub-latera l kame terraces (at c.1080 m a.s.l.) in the

Oppdal-Faqerhauq-Berkak area in a subglac ial water table in
th e main valley glacier or in an ice-dammed lake gives the

approximate altitude of the surface of the main valley glac

ier.From the irregularities in the surface and the poo rly strat
ified glaciofluvial deposits at, respectively, 1120 m a.s.l. and

880 m a.s.l, (drainage systems (2a) and (2b)), it can be con

cluded that the associated margina l channe ls and the

weakly strat ified and poorly sorted glaciofluvial depos its

accum ulated in a subglacial water tab le in contact with the

margin of a glacier. As the prominent upper depos it corre

sponding to th e above-described features formed by

drainage along the eastern side of Veslnesa, this accumu la

t ion is thought to have been deposited in approximately the

same wate r table . This indicates that the plateau glacier in

th e Stororkelsjoen basin had an out let 'glacier' flowing

through the valleys of Olmdalen and Langfallsbekkvelvet

(Fig.4).Where th ese outlet glaciers reached th e valley glacier

in the Oppdal-Faqerhauq- Berkak valley and the genera l

water table in th is glacier, subglac ial accumu lat ions would

have fo rmed.The lowermost depos it in the Olmda len valley

shows, furt her, that the plateau glacier and the out let glacier

in Olmdal en existed even when the genera l water table in
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Fig.7.The marked run-off pass 11 92 m a.s.l, between the valleysof Unndalenand Olmdalen.The photo is taken from the passarea, looking towards
southeast.Photo - BA Follestad, 2000.

t he main valley glacier of t he Oppd al-Faqerhauq -Berkak val

ley had been lowered to c. 800 m a.s.1.

The t hree run-off passes west of Stororkelsjoen (7058 m

a.s.l.) have inlets sit uated at c. 1180 m a.s.1. along th e ridg e

between th e Unn dalen valley and Storo rkelsjeen (Fig.4) .This

altitude is on ly a few metres lower th an th e run-off pass at

1192 m a.s.l,nor thward to wards Olmd alen. Thu s, we might

concl ud e th at glaciofluvial melt water in th e pro ximal areas

of the run-off pass at 1192 m a.s.l, turned to th e sout h and

east before the run-off pass was deg laciated, and found its

way along th e eastern side of t he Veslnesa (1382 m a.s.l.), In

t he text below, th ese forms are referred to as drainage sys

tem (2c).

Along th e valley side northeast of Rundhea mountain
(7374 m a.s.l.) , marked flu shed rock surfaces and margin al

channels are present (Fig. 4).These systems can be foll owed

continuously fo r 2-2.5 km to th e nort h w here a marked run

off pass (1090 m a.s.l.) is recorded between Skaret (1178 m

a.s.1) and Veslhoa (1092 m a.s.l.).The marked canyon on the

distal side of the run -off pass is 6-10 m deep and can be fol

lowed downhill over several kilom etres. Broad zone s of

flushed bedrock surfaces occur along the sides of the

canyon , indi cati ng th at th ere was a rath er violent subglacia l

drai nage in t his area. An esker (slukas) up to 10 m high is

seen at 980 m a.s.l.and can be followed 300 m downhill in a

sout hwesterly direct ion , term inat ing at 940 m a.s.l,From this

we can conc lude th at t he accumulation of t he slukas took

place in th e unsaturated zone of t he ice bod y (cf. Fig 2B) in

t he main Oppdal-Faqerhauq-Berkak valley.

Farther to the southwe st, the marked and nearly hori 

zonta l marginal chann el systems con ti nue. The distin ct

flushed zone east of Veslhea (1092 m a.s.l.) bend s north

westwa rds and later sout hwestwards and t han con tinues,

togeth er wi th th e above-described marginal systems, to the

southwest. As described by l.o kas (1955), marked marginal

me ltwa te r forms , such as lateral channels and terraces, are

Fig.8. ln the distal partsof the run-off passat 11 92 m a.s.l. two marked terrace-shaped accumulationsare seen.Small sectionsthrough the flanksof
these deposits show poorly sorted sandy gravel. Pits and sma ller depressionson the surfaces are interpreted as kett le holes.Photo - BA Follestad,
2001.
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seen along th e western side of the valley of the river Tinnia.

These lateral channels and terraces occur from the upper

parts of the valley side down to the bottom of the valley. It

seems reasonable to relate the highest-lying forms to sub
glacial or subaerial meltwater drainage, which came

th rough the run-off pass at 1090 m a.s.l. in the Skaret area.
These drainage features can be followed more or less con

t inuou sly in a south westerly direction , as a set of marg inal

channels, to the area west of Olmdalen (Fig. 4).There, these

channels disappear in th e steep valley side at c.800 m a.s.l.

These forms are referred to below as drainage systems (3a)
and (3b-c) (Fig.4).

In the areas north of the vestorkethea mountain, a dis

t inct flushed zone more than 200 m wide occurs along the

northern side of the mountain.This flushed zone contin ues

into an area of ridges and terraces. Small sections th rough

these deposits expose strat ified and poorly sorted glacioflu

vial materia l which, together with the irreg ulariti es in th e
surfaces,is considered to favour a subglacial orig in.

Farther to the west, north of the road to the farm

Pikhaugsetrin , a marked belt of ridges and terraces is seen.

These featu res can be followed more or less cont inuous ly to

Pikhaugsetrin where the cont inuation of the belt is shown

as pronounced ridges along the slope down to the farm.

Sect ions through some of the ridges show sorted glacioflu

vial material. On the valley side west of Pikhaugsetrin, ridges

more than 5 m high, interpreted as eskers, cont inue up the

hill towards the west. These ridges are pointing direct ly into
the run-off passarea west ofVeslhoa (1092 m a.s.l). ln the dis

cussion below, these forms are referred to as drainage sys

tem (4a) (Fig. 4).The marked esker system along the north 

western side of Stororkelhoa can be followed over a dis

tance of some 2 km to the southwest.There, marked lateral

terraces with kettle holes are seen. The form of these ter

races show s that th ey were deposited by meltwater enter

ing the area along the south western side of Sto rorke lsjoen.

Nort hwest of the se terraces a set of latera l channe ls begins

to take shape.These channels bend to th e west and north-

Fig. 9. Flushed zone (left) and a marked erosion ridge in an area with a
cont inuous t ill cover, in the bott om of the Langveldalen valley. Photo 
BA Follestad,2001.
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west towards the Pikhaugsetrin farm. In the text below,
these forms are referred to asdrainage system (4b) (Fig.4).

In the valley between Veslorkelhoa (1291 m a.s.l) and

Stororkelhoa (1524 m a.s.l.), marked terracesare present.The
elevati on of the highest terrace is at c. 1030 m a.s.l.This alt i

tud e corresponds with the altitude of a marked run-off pass

west of the Bjorksetra farms (Fig.4),which drained the inland

ice towards the Langveldalen valley.These deposits, and the

marked ridges fart her up the valley, were formed in a distal

posit ion to a marked run-off pass at 1095 m a.s.l, about 1.5
km northwest ofVeslorkelsjoen (1010 m a.s.l.),The lower ter

races in th is valley towards Bjorksetra were formed whe n the

Innerdalen valley started to drain the area.These forms are

referred to as drainage system (Sa) (Fig.4).

The mel twater fo rms in the valley of Langveldalen are rep

resented mainly by the marked flushed areas (Fig. 9) in the

southern parts of the valley and the promin ent fan-shaped

deposits of glaciofluvial material in the mouth of the valley.
These forms indicate that the last drainage of the inland ice

in the Stororkelsjoen basin took place through this valley

before the ice became so thi n that it broke up and was even

tually drained out through the Kvikne area (Fig. 1). In the

nor thern parts of the Langvella valley, the high est-lying ter 

races with channels and kettle holes spread out from some

570 m a.s.l. in a westerly di rection . In t he cent ral parts the

Langvella river has eroded this depos it, and several lower

lying terraces have been formed. A pit in the lower part of

the deposit exposes more than 30 m of incl ined layers of
sand and gravel.

Two marked terrace-shaped deposits are seen farther to

the nort heast at c.560 m a.s.l.Thesedeposits have horizontal

surfaces up to 50 m wide wi th small drainage channels
pointing to the south west, as described by l.ekas (1955).

Depressions of different size are present on these surfaces
and these are inte rpreted as kettl e holes.These formations,

and the large areas of silt and fine sand in the valley bottom
in the proximal areas of the run-off pass (560 m a.s.l .),

dem onstrate an ice damming and a late branch of a glacier

flowing into th is area from the Berkak valley. In the text
below, these forms on the eastern side of the main Oppdal

Fagerhaug-Berkak valley are referred to as drainage systems
(6a) and (6b) (Fig 4).

From the drainage systems (l a-c), (4a-b) and (Sa-b), it can

be concluded that large amounts of glaciofluvial meltwater

from areas to the southeast drained through the run-off

passes in the Stororkelsjoen area.The westerly drainage can,

in most cases, only be explained by a subglacial and/or sub
marg inal drainage det ermined by a higher-lying ice surface

to the north and northeast. The marked margin al channels

and terraces along the eastern side of the Oppd al

Fagerhaug-Berkak valley were formed during this period of

glaciofluvial drainage, as already suggested by l.ekas(1955).

From the se lateral forms it can further be conclud ed that the

surface of the inland ice in the Oppd al-Faqerhauq-Berkak

area was at least at c.800 m a.s.!. in the area east of Oppd al
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when th is southwesterly drainag e of th e inland ice east of

the main valley started. As illust rated in Fig 4, t his marked

drainage conti nued through the valley of Langveldalen

even w hen the surface of the inland ice was lowered by c.
100 metres in th e main Oppdal-Faqerhauq-B erkak valley (cf.
(6a), Fig.4).

From the dra ina ge systems (6a) and (6b), it can be con

cluded that during a final phase meltwater drained in a

westerly direct ion , and th e altitude for this drainage was

determined by the run-off pass at c. 560 m a.s.l.This is also

the present wate rshed in th e main valley today. Finally, t he

last remnant of the in land ice broke up in the Berkak area

and, as the ice dam was broken, the present-day drainage

system was established (6b).

Discussion
Foll estad (1994), Reite (1994), Andersen (2000) and Sveian &

Re (2001) have discussed the extension and distribut ion of

the in land ice in the areas around Oppdal. Reite (1994) and

And ersen (2000) indicated that the inland ice was rather

extensive in the northeastern parts of Trollheimen (Fig. 1)

and the Meldal valley, northwest of the main Oppdal

Faqerhauq-Berkak valley, during the YD event, w hich was

represented by the Tautra -Tlllet-Storas ice-marginal deposits

in Ser-Trende laq.They concluded that th e ice advance dur

ing this event reached as far north as the Storas deposits in

the northern parts of the Meldal valley.These deposits, and a

possible further westward extension of comparable

deposits which were mentioned but not described for the

northern val leys in the Trollheimen mo untains, were related

to the late Allerod / early YD chronozone. According to Reite

(1994), th e ice-marginal deposi ts in th e Stere n-Budalen

Berkak area were related to the foll owing event, the

Hokl ingen Substage, wh ich has previously been dat ed to the

late YD Chronozone, c.10,300 - 10AOO 14C years B.P. (Sollid &

Reite 1983).

In the western parts of Trollheimen and in the Todalen

valley (Fig. 1), lateral and terminal moraines related to valley

and cirq ue glaciers have been described by Foll estad (1994).

These forma t ions are not dat ed, but have been assigned a

YD age. In the northeastern parts of Troll heimen, Foll estad

(1994) found no evidence for th e presence of valley g laciers,

e.g., in the 0vstebodal en,Vinddoldal en and Folldalen valleys

(Fig. 1). In the upper, western parts of 0vsteboda len and

Vinddoldalen, terminal moraines have been described and

are interpre ted to relate to an old cirque glaciation

(Follestad 1994).As this took place most probably during VD,

this is taken as evide nce for a more or less complete

deglaciation of the main 0vstebodalen and Vinddolda len

valleys.

No evidence for the presence of a huge valley glacier has

so far been found either in Folldalen or east of th e Meldal

valley, as suggested for th e continuation of the Tautra -Til ler

Srords ice marginal deposi ts (Reite 1994).Thus, it is conc luded

th at th e most probable continuation of the Taut ra-Tlller-
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Fig. 10. A tentative reconstruction of th e two main ice-stream phases
duri ng the deglaciation of th e area: A:The early/middle YD ice surface
(F1 and F2j,which reached the Sto ras marginal deposits in the northern
partsof the Meldalen valley.B:The late YD ice surface (F3) dominated by
a westerly-moving ice-stream from an easterly -situated dome .This ice
stream in th e main Oppdal-Berkak valley was divided into two major
streams,which can be demonstrated in the Oppd al and Meldal areas,
respecti vely.

Storas ice-marginal deposits has to be found in the areas

east of the Trollhe imen mountains (Fig. 1GA). The grad ient

used to correlate the Storas deposits in the Meldal valley

with the lateral moraines at c. 1200-1300 m a.s.l. in th e

Opp dal area is rather steep and, therefore, margina l dep osits

occurring farth er north in th e Orkda len valley might be con

sidered as alternative marginal positions for thi s valley glac

ier. Carbon datings recent ly carried out on shell fragments

from glaciofluvial marginal deposits at Ork land (12 km nort h

of Storas) and Kvale (17 km north of Storas) (Lars Olsen, pers.

comm. 2003), dated respectively to 11,540 +/- 70 and

11,280+/- 60 14C years Bp, indicate a late Allered - early YD

age for t hese deposits . In this case the gradient fo r t he sur

face of the valley glaci er would be c.20 m/km or, reduced for
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the terrain gradient c. 10 m/km, which is conside red accept

able for a YD valley glacier in th is area. However, the magn i

tude of th e Storas marginal deposit and the fact tha t possi

b le correlative marginal deposits are not foun d eit her to the

east or to the west of Storas for a weste rly-directe d branch

of a glacier in th e Meldal area, favour th e interpr etat ion that

the Storas margina l deposits are represen tative of the

Tautra-Tiller-Storas ice-marg inal event in the Meldalen

Orkdalen area, as also sugge sted by Mangerud (2003). This

will also help to explain the described lack of marg inal

deposits in the main nor therly-d irected valleys of

Trollheimen (Fig. 10). Even though the lateral moraines are

few and rather discontinuously distributed in the studied

part of t he Oppdal area, a reconstruction based on the gra

dient used in Fig.3 is considered acceptable.Thus,an ice sur

face at c.1300 m a.s.l. in t he central part s of th e main valley in

th e Fagerhaug area is th ou ght to correlate wit h the Storas

margin al deposits in the nor thern part s of th e Meldalen val

ley.

The marked trim line (Fig. 5A-B) between a relativel y con

tinuous cover of till and the above-lying areas do minated by

block fields in Olmdalen might, furthermore, be roughly syn

chronous wi t h this c. 1300 m surface in the main Oppdal

Faqerhauq-Berkak valley. This implies that the comparable

surface of the inland ice in the Stororkelsjeen area was at

c.1400 m a.s.l,and th e peaks of the mo untains Sisslhoa (1570

m a.s.l.), Krinqselen (1580 m a.s.1) and Stororkelhea (1524 m

a.s.l.) we re nun ataks (Fig. 10A).

Sveian & R0 (2001) described marginal deposits charac

ter ising the younger Vuku event in the Alen area. These

depos it s were for med during the early Preboreal

Chronozone (Reite 1994). at a t ime when the ice surface

reached more than 1000 m a.s.l. in th e centra l eastern areas

of Ser-Trondelaq county (Sveian & R0 2001). In this conn ec

tion it can be noted that th e westerly oriented striations on

th e mou nta in at 1160 m a.s.l, and th e drumlins in the areas

west of Bjorksetra farm suggest that a younger westerly ice

flow affected th is mo unta in area in a later phase of t he

deglaciation (see Fig. 3). This ice move ment is represented

by younger weste rly and southwesterly stria tions on the

Vorra mountain (928 m a.s.l). This suggests that th e ice

movement through the main valley of Oppdal-Fagerhaug

Berkak valley turned to the southwest, as show n by th e

southwesterly trend ing lateral moraines in the Stavsjoen

lake area and the lateral , southwest -directed, marginal chan

nels below c. 1000 m a.s.l. (Figs. 3-4).This gives an ice th ick

ness in the main valley of c. 500 m when the ice flow turned

to the southwest in the Fagerhaug area. Mo reover, th e alt i

tu de of th e ice surface of th e contempora ry northwesterly

dir ected ice flow in th e Berkak area was close to c. 1000 m

a.s.l, As th e alt itu de for th is ice surface at Berkak is approxi

mat ely the same as for the YD glacier surface, th is younger

ice flo w mig ht also have reached to Storas (Fig. 10B).

The surface of the in land ice represented by the Knutsh e

moraine system, which is falling in a northerly direct ion , is at
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c. 1300 m a.s.l, in the Hjerkinn area. This shows that the

Storo rkelsjcen (1058 m a.s.l.) was more or less deglaciated

during the formation of th is moraine system. It mi ght t here

fore be concluded tha t th e Knutshe event, w hich is thought

to belong to the Preboreal Chronozone, is younger th an th e

described, easterly-situated, glacial dome and th us suppor ts

a late YD age for the glacial dom e east of Opp daL

Conclusions
It can be shown that the northerly-directed ice flo w through

the main valley of Oppdal-Faqerhauq -Berkak during the

final phase of the Weichselian glaciation was fo llowed by a

younger, westerly ice flow from a glacial dome in the area

east of Oppda LWhen the surfa ce of the inland ice was low 

ered to som e 1000 m a.s.l. in th e main Oppdal-Fagerhaug

Berkak valley, th is later ice flow had a complex flo w pattern

as it turned southwestwards in th e southern and nor thwest

wards in th e nort hern part of th e main valley.This flo w pat

tern is here tentatively cor related wi t h the Hoklingen

Sub stage in Ser-Trendelaq coun ty (Reite 1994), and is older

t han the Knut she event (t hought to belong to the Preboreal

Chronozone). A you nger dome in the areas east of Oppdal

cont radicts the com mon view of th ere having been a south 

and southea sterly located ice-divide south of the present

water div ide tha t dominated the deglaciat ion du ring the

ent ire YD in sout heast Central Nor way (Soliid et al. 1980).On

th e contrary, th e glacial dome st rongly supports the earlier

view of, e.g., l.okas (1955) and Soliid (1964, 1968), which

reported a subglacial drainage from east to west over the

Kvikne run-off passwi th a sub sequ ent swing ing of the me lt 

water drainage sout hwestwards to wards the Oppda l area.
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