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Diatom analyses, pollen analyses, and radiocarbon dating have been used to establish the Holocene 
shoreline displacement on the peninsula Frosta in Trondheimsfjorden, Norway. Great importance has 
been attached to the aspect of dating, and 23 radiocarbon dates together with 8 pollen analytical dates are 
presented. Both the NaOH soluble-(SOL) and the NaOH insoluble fraction (INS) have been radiocarbon 
dated. Possible sources of error associated with the radiocarbon method in the investigated area are 
discussed in relation to the pollen analytical dates. The hyperbolic form of the shoreline displacement 
curve, which is based on 10 dated marine/lacustrine boundaries, shows a continual regression from 
Y ounger Dry as to the present. 

A. Kjemperud, Botanisk institutt, Universitetet i Trondheim, NLHT, N-7055 Dragvoll, Norway. 
Present address: A. Kjemperud, Norsk Hydro a.s., Postboks 490 N-1301 Sandvika, Norway. 

In connection with the IGCP Project No. 61, 
'Sea level movements during the last deglacial 
hemicycle (about 15, 000 years)', a shoreline dis
placement project has been initiated in 
TrØndelag by Prof. Ulf Hafsten. The present 
investigation forms a part of this project. 

Since Fægri's papers (194(), 1944), where he 
presented the shoreline displacement from re
spectively Jæren and BØmlo in western Norway, 
similar investigations have been undertaken at 
several other places in Norway by Hafsten 
(1956), Marthinussen (1962), Danielsen (1970), 
Henningsmoen (1979), Sørensen (1979), Stabell 
(1980), and P. E. Kaland (pers. comm. ). One, 
two or all three of the following methods: pollen 
analyses, radiocarbon dating, and diatom 
analyses were used in these studies. In the 
present study from Frosta, all three methods 
have been used. 

General description of the 
investigated area 
The surrounding fJord bas in 

Frosta, the investigated area, is a peninsula 
extending into Trondheimsfjorden (Fig. 1). This 
fjord, about 140 km long, . is from a 

geomorphological point of view a typical fjord 
with a pronounced threshold at the inlet, and 
several other thresholds further in. At Frosta 
there is a thr�shold across the fjord from Tautra 
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to Tangen (Fig. l) which reaches a depth of 100 
m, while the areas north and south of the 
threshold are more than 400 m deep. 

The catchment area is about 21 ,500 km2, and 
the yearly influx of water varies between 15, 000 
and 30,000 mill. m3• The most important con
tributory rivers are shown on Fig. l. 

The salinity in the surface water fluctuates in 
phase with the seasonal variations in the 
fresbwater supply. In summer it may go down to 
20 %o, while in winter it may reach 33%o 
(Sakshaug 1972) . 

The difference between high and low tide is 
usually 2-3 m, but occasionally differences of up 
to 5 m have been recorded. 

.In a phytoplankton investigation in Trond
heimsfjorden during the period 1963-66 
(Sakshaug 1972), species from the genus 
Chaetoceros, Fragilariopsis, Sceletonema, 
Thalassiosira, and Nitzschia were recorded, bul 
there were great seasonal variations. The 
freshwater diatoms Tabellaria jlocculosa and T. 

fenestrata were found regularly, and must be 
interpreted as allochthonous. None of the plank
tonic types from the subfossil material in the 
present investigation was found. 

Frosta 

· The topographical conditions on Frosta (west of 
the stippled line in Fig. 2) change from almost 
flat, cultivated fields in the south-west and 
north-east to hills more than 350 m a. s. l. in the 
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Fig. l. Map of Trondheimsfjorden. 

central parts, and some hills here exceed the 
local timberline. 

The whole area is predominantly built up of 

quartzite, greenstone, sandstone and phyllite of 
Ordovician age (Hovin Group), that later have 

been strongly influenced by the Caledonian 

orogeny (Wolff 1976). 

Frosta is situated in a region with maritime 
west coast climate, characterized by regular 

cyclonic storms. The precipitation is distributed 

throughout the year, but with a clear maximum 
in the autumn. There is no meteorological station 
on Frosta, but data from neighbouring stations 

(Ytterøy, Værnes and Trondheim (Fig. l) ) indi

cate a y earl y precipitation of about 7-800 mm for 
the normal period 1931-1966. The mean temp

erature for the year is about + 5°C, the January 

mean about - 3°C, and the July mean about 

+ I5°C. A continuous snow cover can be found 
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for about 100 days of the year. The prevailing 
wind direction is SE in the winter and NW in the 
summer. 

The area is phytogeographically included in 
the northern Coniferous Region in the Euro

Siberian forest area. The forest is by no means 
homogenous, and is replaced by other types of 

vegetation where the conditions are suitable, 

e.g. deciduous forest on southern slopes where 
the soil is rich. Bogs are characteristic for the 

Coniferous Region, and there are several small 
areas of bogs on Frosta, most of them being 

nutriently poor. 

Methods 

Sediment-cores from several basins situated be

neath the Late Weichselian marine limit have 
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Fig. 2. Topographical map of Frosta. 

been analysed for diatoms in order to decide the: 
marine/lacustrine boundary (isolation contact). 
The sediments immediately over the boundary 
between the sediments deposited in brackish 
water and fresh water environments, are dated 
using pollen analyses and radiocarbon datings. 
The development of a basin and the me
thodological progress are seen in Fig. 3. 

Field work 

The cores have been taken from the deepest part 
of the basins either from ice, boat, or floating 
peat. A Livingstone corer (50 mm) and a 'Rus
sian corer' (75 mm) have been used. In order to 
ensure enough material for radiocarbon datings, 
at !east three parallel cores have been taken from 
each basin. The threshold has been mapped and 
its elevation a. s. l. measured by means of level
ling and barometric heightening. 
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Laboratory work 

N 

Contour intervol 100m � 
5km 

Samples for pollen and diatom analyses were 
taken from the same cores. The diatom samples 
were prepared by boiling in 30% perhydrol 
(H202) for a few seconds. The samples were 
embedded in G. B.I. Mountant 163 on 22 x 22 
mm coverglasses. 

The pollen samples were prepared according 
to the procedures of Fægri & Iversen (1975). 
Most of the samples were treated with HF. 

The data from the diatom analyses were 
treated in an electronic processing program de
signed by the author with assistance from 
Regnesentret ved Universitetet i Trondheim 
(RUNIT). In the diagrams the diatoms are clas
sified according to the Kolbes classification 
system (1927) modified by Hustedt (1957). 1t was 
necessary, however, to u se a more detail ed 
scheme for the salinity tolerances (Simonsen 
1962) in the interpretation of the data. 
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Oominånce of oligohalobous indifferent 
and halophobous dia to ms and fresh
water Chlorophycae 

M'!'!'!--tSOLATION CONTACT --------
Occurrence of oligohalobous halophilous 
and mesohalobous diatoms and 
brackish Dinophyceae. 
Absence of hatophobous diatoms 

Dominance of polyhalobous and meso
halobous diatoms. 

Fig. 3. A, B, and C show the natura! development of a basin situated beneath the marine limit. Dis a schematically presentation of 
the methods used, andE is a listing of the groups of microfossils found in the sediments deposited under marine (M), brackish (B) 
or freshwater (F) environments. Compiled from Hafsten (1959) and Kjemperud (1978). 

The data from the pollen analyses have been 
treated in a conventional way. The calculation 
sum for all pollen types, spores and algae is the 
total sum of pollen grains excluding AqP. 

Radiocarbon dating 

The dating was carried out at Laboratoriet for 
Radiologisk Datering, Norges Tekniske Høg
skole, Universitetet i Trondheim. Both the 
NaOH-soluble (SOL) and the NaOH-insoluble 
fraction (INS) have been dated in all samples, 
as well as in some cases the unfractioned material 
(TOT). The 13C-content was measured in a mass 
spectrograph at Karolinska Institutionen in 
Stockholm, Sweden. The dates are corrected for 
isotopic fractionating to 813C =-25%o PDB. 

Description of the individual sites 
The most important properties of the investi
gated basins and their environments are listed in 
Tab le l. A more complete description is found in 
Kjemperud (1978). Logtunmyra and Asklund-

vatnet have previously been studied as a part of 
a vegetation-historical investigation in this area 
(Lillealter 1972). 

Diatom investigations 
Both time bound and time transgressive factors 
will influence the diatom communities. The first 
are dependent on the great regional changes in 
climate, the ice masses, and the isostatic recov
ery, and therefore cause different changes in 
basins which are at different stages in their 
development. For instance, a greater influx of 
meltwater may produce a bloom of brackish 
water indicators in a basin in the marine stage 
(Fig. 3, A), whereas in an already isolated basin 
there will only be changes in the fresh .water 
flora. The second type of factors eau se the same 
changes in all basins in the isolation stage (Fig. 3, 
B), and these changes can be considered as 
properties of such basins. In addition, there are 
local factors which can modify the responses. 

The diatom flora reflects a sum of all these 
factors, and as the basins in a shoreline in-
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Table l. The main features and properties of the investigated basins and their environments. 

BAS IN BASIN THRESHOLD BAS IN ENVIRONMENT 
AREA Catchment area Petrography Veqetation 

Logtunmyra 26,0 m Til l -

Lianvatnet 42,5 m Bedrock 0,60 km
2 

Skard tjernet 72,0 m Till 0.05 " 

Asklundvatnet 91,0 m " 0,05 " 

Remma vatnet 108,5 m Bedrock 0,05 " 

Hovdalsvnt. 118,5 m " 1,20 " 

GrØnnsjØen 143 ,O m " 0,02 " 

Storsvetj. 154,5 m " 0,10 " 

Små tjernet 170,0 m " 0,01 " 

Skalitjernet 170,0 m " 0,01 " 

vestigation are isolated at different times, there 
will also be great differences in the development 
of the communities. This is shown in Table 2 
where the dominating diatom taxa are listed. The 
groups of diatoms which usually are predomin
ant in the three diatom zones are shown in Fig. 3, 
E. 

A more thorough treatment of the diatom 
aspects of this investigation are given else
where (Kjemperud 1981). In the present paper 
the results from only two basins will be disens
sed with emphasis on how the main ecological 
groups are distributed and how the zone bound
aries have been drawn. 

It has been relatively easy to separate the B
and F-zones, whereas the separation of the M
and B-zones has proved more difficult. In 
Skardtjemet (Fig. 4) the lower sample is domi
nated by polyhalobous types, mainly Melosira 
sulcata, but also obligate periphytic diatoms 
such as Nitzschia punctata, Pinnularia quad
ratarea, and P/agio gramma staurophorum. The 
sediment is therefore interpreted as marine. The 
relatively high percentage of mesohalobous 
types, dominated by Navicula digitoradiata, 
may indicate fluctuation in salinity. The next 
four samples are characterized by a high 
percentage of the mesohalobous forms (mainly 
Navicula peregrina var. kefvingensis) while the 
polyhalobous forms decrease. These succes
sions are interpreted as a short-lived brackish 
water zone. The oligohalobous indifferent types 

1,0 km 
2 

Sands tone Cultivated land 

8,5 " " Cultivated land, 
mixed forest of 
birch and pine. 

1,8 " Greywacke/ " 
Sands tone 

0,8 " Limes tone Cultivated land 

1,2 " Metamorphic " 

basalt 

8,6 " Sands tone " 

1,5 " " Pine forest 

0,8 " " Mixed forest of 
birch,pine and 
spruce 

0,4 " " Pine forest 

0,1 " " " 

show a clear increase in the uppermost sample 
together with a decrease of the mesohalobous 
types, indicating the beginning of the fresh water 
zone. 

Remmavatnet (Fig. 5) shows a somewhat dif
ferent development. In the lower sample the 
polyhalobous Nitzschia punctata and the 
mesohalobous Diploneis didyma dominate. The 
environment has obviously not been as saline as 
the corresponding environment in Skardtjem. 
When these species disappear, there is a small 
increase in oligohalobous halophilous taxa 
(mainly Navicula cincta) which is interpreted as 
a response to brackish conditions. The upper 
sample is totally dominated by oligohalobous 
indifferent taxa. Neither in this basin nor in 
Skardtjemet do halophobous taxa play any im
portant part. 

Datings from the isolation contact 
As mentioned, both radiocarbon datings and 
pollen stratigraphy have been undertaken in all 
basins. An attempt has been made to transfer the 
pollen zone boundaries to an absolute scale by 
means of other radiocarbon datings from the 
area. 

Results from the radiocarbon dating 

Altogether there are 23 radiocarbon dates fJ;om 
isolation contacts in Frosta (Table 3), three of 
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l ndifferent OI igohalobous 

Fig. 4. Diatom di gram from Skardtjernet. Sym bols as in Fig. 6. 

which (T-1130, T-1133, T-1134) are taken from 
Lillealter (1972). 

have been dated (T-2482 and T-2483). The first 
sample was taken in the u sua! way, just above 
the isolation contact, mainly in coarse gyttja 
with branches and peat which are interpreted as 
autochthonous. The second was taken below the 

In order to obtain further information about a 
possible supply of allochthonous material to the 
area, two samples from Skardtjernet (Fig. 6) 

Table 2. The dominating diatom taxa (except for the genus Fragilaria) from the eight basins. 

BAS IN DIATOM ZONE F DIA TOM ZONE B 

Amphora oval is v.pedic. Melosira 
Cyclotella c om ta Navicula 

DIA TOM ZONE M 

sulcata 
digitoradiata 

LIANVATNET Gyrosigma acurnina turn Scoliopleura tumida 
42,5m a.s.l. Tab.fenestrata-type 

camp. noricus v. hibernica 
SKARDTJERNET Dipl. elliptica/D. oval is Navicula peregrina Melosira sul ca ta 

72,0m a.s.l. 
Pinnularia major v.kefvinger:tsis Nav.digitoradiata 

Amphora ovalis v.pedic. Amphora commutata Diploneis constricta, 

REMMA VATNET Achnanthes conspicua A.proteus, Navicula Grammatophora ocean i ca 
cincta, N. oblonga var. macilenta, 

108,5m a.s.l. Nitzschia punctata 

Achnanthes affini s Nitzschia punctata 
Nav.radiosa v.minutissima Cocconeis scutellum Nitzschia punctata 

HOVDALSVATNET Epithemia sorex v.parva v. coarcta ta 
118,5 m a. s.l. Cocconeis placentula 

Achnanthes c leve i Diploneis constr cta,Navicula lyra 
GRØNN SJØEN Dipl.elliptica/ D.ovalis Nitzschia punctata,Plagiogramma 

Amphora oval is v.libyca staurophorum,Diploneis didyma 
143,0m a.s.l. 

Cocconeis placentula Achnanthes hauckiana 
Epithemia sorex Nitzschia hungarica STORSVETJ. Steph. astraea v. minutula Nitzschia punctata 

154,5 m a. s.l. Amphora oval is v.pedic. 

Cymbel la ventricosa Surirella intermedia Amphora proteus, 

SMÅ TJERNET Epithemia sorex Navicula digito- Nitzschia hungarica, 
Nitzschia dent. v.curta radiata, Scoliopleura turn i da 

170,0m a.s.l. Pinnularia interrupta Nitzschia sigma 
Cymbella ventricosa Nitzschia punctata l 
Dent. tenuis v.crassula v. coarctata l 

SKAL I TJERNET Nitzschia dent. v.curta Surirella intermedia 
l 
l 

170,0 m a. s.l. Nitzschia fonticola l l 
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Fig. 5. Diatom diagram from Remmavatnet. Sym bols as in Fig. 6. 
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isolation in clay gyttja which probably contains 
both allochthonous and autochthonous material. 
Five dates have been obtained from these two 
samples (Table 3). As expected, the lower sam
ple appeared to be somewhat older than the 
upper, but the difference between them Iies 
within the error margin of the measurements, 
and therefore they must be treated as being of 

the same age. These test dates from Skardtjem 
indicate that there has not been any great supply 
of secondary material to this basin. The 8 13C

values (Table 3) from these samples show that 
the organic material below the isolation contact 
is also mainly of terrestrial origin, and there is no 
marine reservoir effect. 

One of the highest lying basins, Småtjemet, 

Ta ble 3. All the radiocarbon dates from the isolation contacts in Frosta. Except for the MA SCA corrected dates, all are calculated 
on the basis of the half iife for 14 C ofT12 = 5570 years. Where I>13 C measurements were done, the vaiues are indicated beneath the 
dates. All dates are given in years before present (1950). 

So1ub1e Inso1ub1e Not fraction- Corrected 
BAS IN Elev. m Lab. no. 

fraction (A) fraction (B) at ed (C) age (MASCA) 
Material 

10480 ±. 200 10610 ±. 190 
Ska1itjern 170 T-2624 

-25,9 -24,1 
C1ay gytt ja 

10330 ±. 270 10920 ±. 150 10590 ±. 210 
Små tjern 170 T-2484 

-25,2 -24,0 -24,6 
C1ay gytt ja 

10200 ±. 200 10380 ±. 130 
Storsvetjern 154,5 T-2571 

-25,3 -24,0 
C1ay gyttja 

9730 ±. 200 9880 ±. 130 Gytt ja/ 
GrØnnsjØen 143 T-2569 -31,5 -30,0 C1ay gyttja 

9560 ±. 160 9520 ±. 120 Gytt ja/ 
Hovdalsvatn 118,5 T-2570 

-25,5 -23,9 C1ay gyttja 

9530 ±. 150 9700 ±. 160 
Remma vatn 108,5 T-2568 -35,8 -35,4 

Gytt ja 

Asklundvatn 91,0 T-1134 8640 ±. 230 Gytt ja 

8180 ±. 190 8370 ±. 200 Gytt ja/ 
Skardtjern Il T-2483 

-32,0 -31,7 C1ay gyttja 
72.0 

8300 ±. 190 8320 ±. 130 8490 ±. 150 
Skardtjern I T-2482 

-32,7 -31,4 -32,8 
C1ay gytt ja 

5880 ±. 130 6000 ±. 100 5950 ±. 100 6740 ±. 195 Gytt ja/ 
Lianvatn 42,5 T-2625 

-32,1 -31,6 (T-1133) (SOL- fra et.) C1ay gyttja 

Logtunmyr 26 T-1130 4030 ±. 110 4645· ±. 205 Peat 
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lianvatn, Frosta, Nord Triindelag, 42,5m a.s.l. 
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Skardtjem, Frosta, Nord Trondelag, 72,0m a.s.l 
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Remmavatn, Frosta, Nord Trøndelag, 10.8.5 m a.s.J. 

c. 118,5 m a.s. l 

(:-:-:>:3 Clay 11111 Clay gyttja 111'11 Fine detritus gyttja � (oarse detritus gyttja 

Fig. 6. Pollen diagram from Lianvatnet, Skardtjemet, Remmavatnet and Hovdaisvatnet. 
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shows a relatively large difference between the 
NaOH soluble and the NaOH insoluble fraction 
(Table 3). This may be caused by a supply of 
insoluble carbonaceous material such as graphite 
and calcium carbonate from the underlying rocks 
and surrounding moraines. The soluble fraction 
from Småtjem coincides closely with the same 
fraction from Skalitjem, and is therefore re
garded as the most reliable. 

The hard wate r effect 

The geological formations in Frosta make a 
supply of inactive C02-molecules into the gase
ous part· of the carbon circulation pattem pro b
able. These inactive molecules will distort the 
radiocarbon dates. The inactive C02-molecules 
are built into organic molecules in noticeable 

. amounts only in submersed higher and lower 
plants, and therefore any terrestrial or 
telmatic fraction of a sample will not be 
affected by the hard water effect. The dates from 
Skardtjem (Table 3) may give an indication of 
how important this effect has been at Frosta. 
The coarse gyttja/peat (T -2483) has a high con
tent of material of terrestrial origin, while the 
organic material in the lower sample (T -2482) is 
mainly algae remnants. As mentioned, the five 
dates show the same age which, together with 
pollen analyses (see p. 8) as an independent 
dating method, indicate that the hard water 
effect is negligible. 

Pollen analytical dating 

The analysed cores from the basins (Fig. 6 and 
7) show a development in the vegetation from 
an open park tundra landscape with an Arctic/ 
Alpine flora to a warm period with flora elements 
which today are found much further south. 

The area around the two highest basins, Små
tjernet and Skalitjemet (Fig. 7), was in the 
isolation phase characterized by a vegetation 
dominated by light-demanding species such as 
Betula spp., Empetrum, Poaceae, Salix spp., 
and somewhat higher up by a rise in Juniperus. 
The diameter of the pollen grains of Bet ula from 
these two basins has been measured. It shows 
that the mean diameter is smaller near the isola
tion contact than it is higher up. Together with a 

high NAP-percentage which is characteristic for 
an open vegetation, this may indicate that the 
dominant species was Betula nana and that the 
isolation from a biostratigraphical point of view 
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happened in the Younger Dryas. The ra
diocarbon dates show some divergence between 
the NaOH-soluble and the insoluble fraction, but 
the soluble ones, which are supposed to be the 
most reliable, both show middle or late Younger 
Dryas chronozone (using the nomenclature pro
posed by Mangerud et al. 1974). 

In the basins which are situated between 
Småtjernet and Skalitjernet (170 m a. s. l. ) and 
Skardtjemet (72 m a. s. l. ), there are few vegeta
tional changes which can be used for dating. 
There is, however, a shift from birch dominated 
to a pine dominated assemblage in all four ba
sins, but in Remmavatnet and Hovdalsvatnet 
this shift is not followed by any other changes, 
and is probably a reflection of a local dominance 
of Betula around the isolated basin before the 
appearance of Alnus. In Grønn sjØen and Stors
vetjernet the birch/pine shift is followed by a 
decrease in NAP and light demanding shrubs, 
indicating that the shift here represents the Pre
boreal/Boreal transition. The isolation contact, 
which is older than the birch/pine shift in both 
basins, is radiocarbon dated to early Preboreal in 
Grønnsjøen and late Y o unger Dryas in Storsve
tjernet (Table 3). 

The Alnus expansion in Skardtjemet (Fig. 6) 

provides a good basis for control of the 
radiocarbon dates in this basin. The expansion 
comes somewhat higher in the diagram than the 
isolation contact, which has been dated to 
8180 ± 190 y BP (T-2483 A). Numerous dates 
from most of Scandinavia indicate that the Alnus 
expansion took place relatively synchronously 
between 8000 and 8500 y BP (Lundquist 1969, 
Olsson & Freden 1969 and Tallantire 1974). 

The lower basin, Lianvatnet, became isolated 
after the Alnus expansion, and a relatively high 
Ulmus percentage at the time of isolation indi
cated that this took place late in Atlantic time. 
This is also supported by the radiocarbon datings 
(Table 3). 

The da tings seen in light of othe r 
obse rvations from the area 

The north-eastern part of Frosta is situated 
about 25 km proximally to an ice marginal de
posit (the Tautra moraine), which is interpreted 
to be of Younger Dryas age (Holtedahl 1929, 
Undås 1942, Sollid & Sørbel 1975). This deposit 
can probably be correlated with the Heimdal 
delta near Trondheim (Fig. 1), which has b,!!en 
dated by Reite (Nydal et al. 1972: 528, Sollid & 
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Småtjern, Levanger, Nord Trøndelag, c. 170m a.s.l 
8--,,-----

Skalitjern, Levanger, Nord Trøndelag, c.170 m a.s.l 
8-.,,-----

Fig. 7. Pollen dia gram from Grønnsjøen, Storsvetjemet, Småtjemet, and Skalitjemet. 
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Table 4. A comparison of shoreline displacement data from three curves which all show a continual regression. The displacements 
are given in meters, in per cent of total displacement and in meters per century (m/c). The chronozone boundaries follow 
Mangerud et al. (1974). Where MASCA corrections were possible, these values have been used iri all three curves. 

Reoion PB BO 
m 94 35 

Ski area, ML= 211m 
% 45 16 

Sørense·n (1979 ) m;c 9.4 3,5 

m 57 28 
Frosta, ML=175m 

�o 33 16 

m;c 5.7 2.8 

m 52 24 
Vestfold, M L=155m 

% 34 16 
Henningsmoen(1979) m;c 5,2 2.4 

SØrbel 1975, 1979). Taking into account the 
corrections of these dates proposed by Man
gerud (1980), the age of the delta is maximum c. 
11,000 y BP and minimum c. 10,200 y BP. The 
dates from Frosta indicate that the area around 
Småtjemet and Skalitjemet was deglaciated ah
out 10,400 y ago. This means that the Heimdal
Tautra ice marginal deposits were formed in the 
early or middle Younger Dryas, and that the 
glacier retreated beyond Frosta later in this 
chronozone. A similar development is found in 
the Oslo area (Sørensen 1979). 

Shoreline displacement 
The dates given in Table 3 have been used in 
drawing the shoreline displacement curve (Fig. 
7). The dates from the NaOH soluble fraction 
have been used in all the basins except for 
Logtunmyra and Asklundvatnet, where only 
dates from non-fractionated material exist. The 
uncertainty in the dates is shown to one standard 
deviation (lu). The two younger dates are given 
both in a corrected form (for variation in 14C
content in the atmosphere, Ralph et al. 1973), 
and in an uncorrected form. As shown by Hafs
ten (1979), there is a pronounced difference in 
shoreline displacement curves from the outer 
parts of western Norway and from the eastem 
part of the country. The curve from Frosta is of 
an 'eastem type' and is in the following discus
sion compared with curves established from 
areas deglaciated at about the same time, i. e. the 

AT SB SA 
46 20 13 

22 1 0 6 

1.5 0,8 0,5 

34 18 10 

1 9  10 6 

1 '1 0,7 0.4 

28 12 10 

18 8 7 

0.9 0,5 0.4 

Ski area (Sørensen 1979), and Vestfold (Hen
ningsmoen 1979). The most important data for 
these curves are presented in Table 4. 

The position of the localities in relation to 
the isobases 

The direction of the isobases on Frosta are not 
completely established. Undås (1942, fig. 22) 
suggests that the isobases for the 'Tapes time' 
and for the 'Ra time' are parallel in TrØndelag, 
aligned between N 30" E and N 35° E. More 
recent investigations (Sollid & Kjenstad 1980 
and pers. comm. ) confirm these observations. 
According to them, the maximum distance be
tween the basins perpendicular to the isobases is 
no more than 4-5 km (cf. the distance between 
Logtunmyra and Skalitjemet, Fig. 2). On the 
basis of observations made by Undås (1942, fig. 
19) the shoreline gradients have been calculated 
as 1. 4 m/km for Younger Dryas ('Ra time') and 
0. 4 m/km for 'Tapes time'. This indicates that 
the vertical difference in isostatic recovery be
tween Skalitjemet and Logtunmyra is hardly 
more than 2-3 m, and no corrections have been 
made for this. 

Marine limit 

The marine limit has not been determined ex
actly biostratigraphically in the area. It is, how
ever, restricted to somewhere between 170 and 
185 m a. s. l. Geomorphological methods show it 
to be about 175 m. Farther east, at Hoklingen 
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Fig. 8. Shoreline displacement curve for Frosta, Nord-Trøndelag. Dates indicated with-- are given in 14 C  years an d those 
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and Granheim (Fig. 1), Sollid (1976) reports the 
marine limit to be 177 and 181 respectively. 

The gradient of the marine limit seems to be 
positive in the whole TrØndelag area. It slopes 
from east to west, that is from the ice maximum. 
In Frosta the marine limit most Iikely was 
formed in the Younger Dryas, and about 15% of 
the shoreline displacement occurred in this 
chronozone. 

As mentioned above, Trondheimsfjorden 
seems to have greatly influenced the ice in the 
middle and late Younger Dryas, and the north
eastern part of the investigated area was de
glaciated and isolated from the sea at about the 
same time. A pioneer flora of diatoms in Små
tjernet and Skalitjernet is an indication of this 
(Kjemperud 1981). 

Shoreline displaceme nt in Pre boreal and 
Bore al 

As shown in Table 4, almost 50 per cent of the 
displacement took place in these two 
chronozones which represent 2000 years. Such a 

very steep initial fall in the curve is also seen in 
the two curves from the Oslo area (Table 4) . The 
similarities between the curves are best seen 
when the differences in elevation are reduced by 
expressing the displacement in each chronozone 
as a percentage of total disp1acement since the 
deglaciation. All three curves are identical with 
respect to this parameter in the Boreal, while the 
curve from Ski has a steeper fall in the Preborea1 
than the two others. The Ski-area and Frosta are 
situated at about the same distance from the 
most prominent Late Weichselian deposits, the 
Ra and the Heimdal-Tautra ice marginal deposit 
respectively, and the deglaciation has taken 
place at the same time. This Jeads one to expect 
more or less simihir form of the curves. 

The displacem e nt in Atlantic, Subboreal, 
and Subatlantic 

Only two dates from Frosta fall within these 
chronozones, and the last 35 per cent of the 
displacement is therefore uncertain. An attempt 
has been made to improve this by introducing a 
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Fig. 9. Shoreline displacement curve (1), isostatic uplift curve (2), and the variations in k with time (3). The isostatic uplift curve 
has been constructed by correction for eustatic rise in sea level (Shepard 1963). 

measurement of the contemporary uplift in the 
area, which is found to be 3. 1 mm per annum 
(Kvale 1%6). This value has been used to con
struct the curve between Logtunmyr and the 
present sea leve!. In spite of the paucity of dates 
from these zones, it is clear that any transgres
sions like those found in the western part of 
Norway (Fægri 1940, 1944 and P. E. Kaland 
pers. comm. ) have not occurred. There has been 
a continual regn!ssion, and considering the un
certainty in the method, the form of the curve 
may be accepted as similar to the curves from 
Ski and Vestfold. 

The Holocene uplift 

The glacio-isostatic recovery of the crust in 
Frosta has been calculated on the basis of the 
shoreline displacement curve, using the eustatic 
curve of Shepard ( 1%3) (Fig. 8). When this 
curve was constructed, the aim was to make a 
curve of universal applicability. It was based on 
the assumption that the universal· eustatic 
changes were exclusively brought about by gla
cia! eustasy. It has later become clear that other 
factors also affect the eustasy, of which the most 
important are the changes with time of the gt;oid 
configuration (MØmer 1976). Taking this into 
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account, the eustatic curves can be valid only in 
the area where the source data were obtained. In 
spite of this, most of the eustatic curves con
structed, both the wave-formed and smooth 
ones, show the same trend, and among them the 
curve of Shepard occupies a central position (see 
compilation in Eronen 1974, figs. 2 and 3). 

The empirically derived uplift curve (Fig. 8) is 
used as a source for applying the methods pre
sented by Bergquist (1977) and for testing them. 
The proportionality constant, k, has been calcu
lated for different periods of time using the 
equation: 

U =-k-1(dR/dt) (ekLl ) 

where U is the uplift from the time t up to now, 
dR/dt is the present rate of uplift and e the base 
for the natural logarithms. 

The values plotted in Fig. 8 show that the 
k-factor changes with time and that the uplift 
curve in the whole Holocene is not the graph of a 
true exponential function. The fall in the k-val
ues in Y ounger Dryas and Preboreal may be an 
effect of a higher eustatic sealevel in the investi
gated area than that found by Shepard (1963). 
This can be explained by a geoid-deformation 
caused by the attraction of the water from the ice 
still existing in Scandinavia. 

In the last 9000 years the k-value is plotted as 
relatively constant, and up to about 4000 y BP 
the curve most probably represents an exponen
tial glacial isostatic recovery. From 4000 y BP up 
to now, the re are no dates, and the exponen
tiality is exclusively based on the recent uplift 
data. It should be pointed out, however, that the 
recent uplift and the uplift in this period of time 
(4000 years) can be composed of other compo
nents than mere ly glacial isostasy. 
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