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The shore displacement history of an area on the coast of Sør-Trøndelag and Møre og Romsdal, Central Norway, has been 
studied for the time span of 9500 to 7700 years BP. Diatom analysis and the invertebrate fauna in the sediments of four lakes 
located 39 to 24 m a.s.l. are presented. The invertebrate fauna of sediments in connection with sea-level changes provides 
supplemental information to the diatom analysis in a way that determines the isolation contact very accurately. The shore 
displacement curve based on the results from this study represents only a fraction of a complete curve, and during the 
approximately 2000 years involved the 14C da tings tentatively suggest a ca. l O m higher sea level and possibly also more 
continuous land elevation than shown in the nearest existing sea-level curve for Hitra. The lowest lake shows a serious disturbance 
in the stratigraphy, and this can be ascribed to the effect of a tsunami about 7200 years BP. 
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Introduction 

The main purpose of this investigation was to establish a 
shore displacement curve for an area with numerous 
Mesolithic dwelling sites: the Tjeldbergodden area at 
Aure in Møre og Romsdal (Fig. l ). A shoreline displace
ment curve from Hitra was published by Kjemperud 
(1982, 1986 ) and provides data for the elevation ranges 
of 100 to 50 m a.s.l and 18 m a.s.l. to present-day sea 
leve!. Our investigation aimed to acquire data from levels 
between 40 and 24 m a.s.l. by studying four basins: one 
on the mainland at 39 m a.s.l. and three at 37, 30 and 24 
m a.s.l. on the southern part of the island of Hitra. The 
longest distance between the !akes on Hitra and that on 
Tjeldbergodden is about 20 km. Kjemperud used locali
ties on the eastern part of the island (Fig. l ). 

Diatom and/or pollen analyses are the traditional ap
proaches used to identify the isolation contact. This 
article deals with diatom analysis and the establishment 
of a freshwater fauna immediately after the basins were 
isolated from the sea. 

Geology of the area 

The bedrock at Tjeldbergodden on the mainland consists 
of gneissic rocks of various origin along with foliated 
quartz diorite and tonalite (Sigmond et al. 1984). The 
area has much exposed bedrock, especially dose to the 
sea, but outcrops also occur within fairly large peatlands. 
The basin investigated here has a bedrock threshold and 
is surrounded by peatland; to the north there are contin
uous marine shore deposits of grave! (Pollestad & An
dersen 1992). 

The southwestern part of Hitra has plutonic granite 
and granodiorite (Sigmond et al. 1984). The three basins 
here have bedrock thresholds, which in Litjvatnet are 
modified by a concrete dam. Exposed bedrock dominates 
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Fig. I .  The map shows the location of the basins investigated in this study: e 
and Kjemperud's localities: • ( 1982, 1986). lsobases of the Main Line 60 m 
(dashed line) and 80 m (solid line) according to Svendsen & Mangerud ( 1 987), 
and isobase for Tjeldbergodden (dotted line). 
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Table l. Radiocarbon dates from the basins investigated. Dates marked • ref er to the isolation contact. Corrected heights according to Svendsen & Mangerud ( 1 987). 

Isobase distance Shoreline gradient Corrected heights Depth Age in 14C 
Basin (m a.s.l.) (km) (m/km) (m a.s.l.) 

Kvennavatnet, 39 m o 1 .0 39 
Kvennavatnet, 39 m 
Kvernavatnet, 37 m 12.3 l - I . l  50 
Kvernavatnet, 37 m 
Kvernavatnet, 37 m 
Storkuvatn, 30 m 1 7.2 0.7-0.75 42.5  
Litjvatnet, 24  m 8 .5  0.45-0.5 28 
Litjvatnet, 24 m 
Litjvatnet, 24 m 

their surroundings, but peatland and marine deposits 
also occur in their vicinity (Sigmond et al. 1984; Folle
stad & Andersen 1992). This coastal area was deglaciated 
12,500- 12,000 BP (Pollestad 1985; Kjemperud 1986). 
The marine limit in the western part of the area is about 
100 m a.s.l. and in the eastern part 1 20 m (Pollestad & 
Andersen 1992). 

Field and laboratory work 

The fieldwork at the four lakes was carried out in 1993. 
The water depth of Kvennavatnet, 39 m a.s.l. and situ
ated on the mainland, was measured with a sonar disc 
and was mostly between 2 and 3 m. The depths of the 
other lakes, Kverna vatnet, Storkuvatnet and Litjvatnet 
located 37, 30 and 24 m a.s.l. respectively, and situated 
on the island of Hitra were not measured; but judging 
from the depths of the isolation contacts, these lakes also 
seem to be quite shallow. Samples were taken with a 
Russian corer from a floating raft, and the cores were l 
m long and 7 .5  cm in diameter. Two or three cores were 
obtained from approximately the same depth, 1 -2 m 
apart. No distinct brackish sediments were distinguished 
in any of the cores; a more or less coarse detritus gyttja, 
often peaty in appearance, rested directly upon marine 
sand/clay with clear boundaries except at Litjvatnet. In 
the laboratory the cores were cut into 1-cm-thick slices 
from which less than l cm3 was put aside for diatom 
analysis. These samples were treated with 30% hydrogen 
peroxide, mounted in Naphrax and analysed at 1000 x 
and 1250 x magnification. The samples used for inverte
brate analysis mostly came from the same slices and 
about 3 cm3 were washed through sieves with mesh 
widths of 500, 200, 100 and 75 Il· The residue from each 
sieve was studied with a stereomicroscope (Solem et al. in 
prep.). 

The levels chosen for radiocarbon dating were the 
earliest lacustrine sediments; these dates will be slightly 
younger than the isolation contact. Additional levels 
were dated to obtain information about the time taken to 
develop a varied freshwater fauna. The datings were 
preferably made on the same l -cm slices that were inves
tigated, but occasionally too little organic material was 
left. Conventional radiocarbon datings were carried out 

(cm) years BP Material Lab. no. 

460 9,200 ± 85 lacustr. gytt ja TUa-869A 
463 9,3 1 5  ± 85* lacustr. gytt ja TUa-870A 
330 8,670 ± 95 lacustr. gytt ja TUa-874A 
338-339 9,545 ± 95* lacustr. gyttja T-1 1488 
350 10,545 ± 75 marine shells TUa-978 
412  8,780 ± 85*  lacust. gyttja TUa-977 
1 90 7,775 ± 80 lacustr. gyttja TUa-871A 
226-227 7,790 ± 120 lacustr. gyttja T- 1 1487 
240 7,760 ± 95* lacustr. gyttja TUa-873A 

at the Radiological Dating Laboratory in Trondheim (T 
numbers) and the accelerator radiocarbon datings at the 
Svedberg Laboratory in Uppsala, Sweden (TUa num
bers). The results are presented in Table l .  

Diatom diagrams 

Because diatoms are sensitive to changes in the salinity 
of the environment and the basins were isolated from the 
sea by isostatic uplift, a succession from marine to 
lacustrine species can be identified. The different taxa 
are placed alphabetically in different salinity groups in 
Hustedt's ( 1957) halobion system, which has four main 
groups, as follows: 

l .  Polyhalobous: marine taxa with an optimum range of 
30%o salinity (S). 

2. Mesohalobous: brackish water taxa with their opti
mum and lower tolerance limit within the range 
30%o-0.2%o S. 

3 .  Oligohalobous: taxa living in both brackish and fresh 
water, halophilous: optimum in slightly brackish wa
ter indifferent: optimum in fresh water. 

4. Halophobous: exclusively freshwater taxa, strongly 
averse to Cl ions. 

Two diatom diagrams are presented from each basin, 
one with a percentage representation of the flora for each 
salinity group, and one showing the floral composition of 
each level investigated. About 200 valves were identified 
at each sediment Ievel. However, the taxa in the genus 
Fragilaria which are often very numerous were counted 
in addition to this sum of 200 and were also omitted 
from the sum when calculating the percentages (Stabell 
1980) . Diatoms are identified according to Cleve-Euler 
( 195 1 - 55), Hustedt ( 1930-66) and Krammer & Lange
Bertalot ( 1986-91) ,  and the program TILlA (Grimm 
199 1  /92) is used to draw the diagrams. 

Invertebrate investigation 

The fragments of freshwater animals/specimens recorded 
are grouped and presented in Tables 2, 4, 5 and 6. A 
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KVEN NAVATNET ,  Tje l d be rgodd e n  
Au re ,  Møre og Romsda l 
39 m o.s . l .  

460 

465 

40 Fig. 2. Stratigraphy and diatom 
content in salinity groups at 
Kvennavatnet, Tjeldbergodden. � Fine detritus gyttja • Clay Thyra Solem 1 994 

feature that these groups have in common is that they do 
not occur in a marine environment or even sparse1y in a 
brackish environment, but some of them quick1y co1onize 
freshwater habitats. For this investigation, the insect 
groups Chironomidae and Trichoptera were considered 
most interesting because all these species live in fresh 
water. The chironomids, in addition to being found in 
ample numbers, could be identified to genus level. The 
fact that aquatic insect larvae do not colonize sediments 
until lacustrine environments predominate provides an 
important supplement to information given by the di
atom flora for determining exactly when lacustrine con
ditions first became established after the basins were 
isolated from the sea. This study shows that the zoologi
ca! evidence can pinpoint the isolation of the basin even 
more than the diatoms can and will be of importance 
with the availability of acce1erated radiocarbon dating. 
The invertebrate investigation is dealt with in detail by 
Solem et al. (in prep). 

Localities 

Kvennavatnet, Tjeldbergodden, 39 m a. s. l. 

STRA TIGRAPHY 

399-465 cm: Fine detritus gyttja 
465 -474 cm: Clay with fragments of marine molluscs 

The lake is surrounded by mire and has a broad belt of 
Phragmites australis along its shore. The eastern part of 
the lake, where the water is deepest (approximately 3.6 
m), was chosen for the coring site. 

Six sediment levels, from 470 to 445 cm were analysed 
for their diatom content (Figs. 2 and 3). A total of 84 

diatom taxa were identified, many of which only oc
curred in very small numbers. The salinity diagram (Fig. 
2) demonstrates that the lowermost levels, 470 and 465, 

cm were dominated by polyhalobous diatom taxa with 
only a negligible number of mesohalobous and oligo
halobous halophile taxa. At 460 cm, the marine flora 
disappears and is rep1aced with a lacustrine flora of 
oligohalobous indifferent and halophobous taxa, and 
from this level upwards the salinity groups show a 
relatively constant trend, the number of halophobous 
taxa increasing from the 450 cm levet. A fragment of the 
moss Calliergon richardsonii was found at 464 cm, thus 
emphasizing the change from a marine to a lacustrine 
situation. Today, this species grows in wet, mineral-rich 
and somewhat nutrient-rich habitats in fens, ditches, on 
lake or pool shores and is sometimes found floating or 
submerged in !akes (Hedenii.s 1993). Fig. 3 shows the 
diatom taxa present in amounts exceeding 3% of the 
total number. The marine diatom flora was dominated 
by the mainly benthic Paralia sulcata, the benthic Pla

giogramma staurophora, and the epiphytic Dimero
gramma minor indicating a shallow marine basin. About 
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Fig. 3. Stratigraphy and diatom content of taxa with more than 3% representation at Kvennavatnet, Tjeldbergodden. The genus Fragilaria is calculated separately. For 
stratigraphical symbols, see Fig. 2. 

60% of the marine diatoms here were P. sulcata. The 
1acustrine diatom flora at 460 cm is dominated by the 
o1igoha1obous indifferent taxa Achnanthes minutissima, 
Anomoeoneis exilis, Fragilaria pinnata, F. virescens and 
Navicula radiosa; ha1ophobous taxa, such as Achnanthes 
pusilla (A . linearis f pusilla), are a1so present. Fragilaria 

pinnata often tends to increase around the iso1ation 
contact (Stabell 1980); in this lake the increase is shortly 
after the isolation. The genus Eunotia, not identified to 
species Jevel and considered to be lacustrine (halo
phobous), occurs at this level. 

A truly brackish flora was poorly developed, the 
number for these taxa is small (Fig. 2). This was proba
bly because the isostatic movement was too rapid and 
the threshold is bedrock. A longer brackish phase tends 
to occur where the threshold consists of morainic mate
rial that erodes during isolation, and periods when the 
basin emerges slowly. 

The analyses of invertebrates in the sediments in 
Kvennavatn concern seven levels: each centimetre from 

466 to 46 0 cm, and 450 cm. The results can be found in 
Table 2, the records of Chironomidae being of special 
interest. At 466 cm, the earliest leve! that contains insect 
fragments, there are a few specimens of chironomids 
which should indicate Jacustrine conditions. But three of 
these belong to the genus Chironomus (Table 3), and 
since some species in this genus, e.g. Chironomus salinar

ius, can tolerate a brackish environment (Aagaard 1991), 
this level is considered brackish on account of the 
presence of numerous marine diatoms as P aralia sulcata, 

even though the presence of other taxa of chironomids 
(two specimens) could indicate that the sediment reflects 
a lacustrine situation. However, to obtain enough or
ganic material for a 14C dating, the 46 3 cm was chosen. 
Consequently, the age of 9315 ± 85 BP (TUa-869A) will 
be slightly younger than the isolation contact. A second 
date was obtained for the 46 0 cm level which, judging by 
the diatom content, should definitely be lacustrine, and 
this dating gave an age of 9200 ± 85 BP (TUa-870A). lf 
the sedimentation rate is constant in the early phases 

Table 2. Groups of invertebrates found in freshwater sediments from Kvennavatnet, Tjeldbergodden. Numbers of Chironomidae and Ceratopogonidae are given; the 
remaining groups are indicated as present ( + ) or common ( + + ). Charophyoeae oogonies are also recorded. 

Daphnidaej Cristatella Charophyc. 
Depth (cm) Chironomidae Ceratopogonidae T richoptera Chydoridae Ephippia Acarina Porifera mucedo Oogonies 

450 301 2 o + + o + + + 
460 272 2 o + + +  + + +  + o 
461 -462 1 76 o + o o + +  o + 
463 146 o o + o + + +  + + 
464 108 l o + + + + +  + + 
465 1 8  o + + + + + o + 
466 5 o + + o + + + + 
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Table 3. Genera of Chironomidae and number of specimens recorded in the 
freshwater sediments at the boundary between marinelbrackish and 1acustrine 
sediments. 

Chironomus 
Dicrotendipes 
Einfe1dia 
G1yptotendipes 

Microtendipes 
Proc 1adius 

K vennavatnet, 
39 m a.s.l. 
466 cm 

l? 

Kverna vatnet, 
37m a.s.l. 
338-339 cm 

1 7  

Storkuvatnet, 
30 m a.s.l. 
41 3 cm 

6 

Litjvatnet, 
24m a.s.l. 
242 cm 

Il 

l 
7 
4 

after isolation, these two datings will allow a tentative 
calculation of this rate, and thus the time difference 
between 465 and 463 cm will be very small, actually 
within the timespan covered by the dating 9315 ± 85, 
and we consider this age as representative for the isola
tion contact. 

Kvernavatnet, Hitra, 37m a.s. l. 

STRATIGRAPHY 

330-340 cm: Coarse detritus gyttja 
340-350 cm: Clay/sand 
350-351 cm: Sand with marine molluscs and humus 
351-355 cm: C1ay/sand with marine molluscs 

The sandy layer, coloured brown by humus, was a 
striking feature at 351-350 cm in a sequence dominated 

KVERNAVATNET, F orsnes 
Hitra, Sør-Trøndelag 
37 m o.s.l. 
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by clay/sand, and showed up in two corings about l m 
apart at approximately the same depth. In one core the 
mollusc Mya truncata was found at this depth. Numer
ous fragments of marine shells were present, both in this 
layer and in the sediments below in both cores. 

A total of 69 dia tom taxa were identified at l O levels 
(Figs. 4 & 5) and invertebrates at 9 levels (Table 4). The 
salinity diagram (Fig. 4) shows that the 355-cm level is 
dominated by polyhalobous diatoms, a few meso
halobous and oligohalobous halophiles, but also oligo
halobous indifferent and even halophobous taxa are 
present, indicating a constant influx of fresh water. The 
humus-rich layer at 351-350 cm shows a dominance of 
oligohalobous indifferent and halophobous taxa despite 
the obvious marine sequence (Mya truncata ). At 349 cm 
the polyhalobous taxa are again dominant and remain 
as far as 340 cm where these taxa decrease. The 337-cm 
level has a small peak of mesohalobous taxa indicating 
brackish water, and from this level upwards oligo
halobous indifferent taxa dominate, although halo
phobous taxa increase. The polyhalobous taxa in the 
marine samples are Paralia sulcata, Plagiogramma stau

rophora and Dimerogramma minor, the first of which 
dominates, but some oligohalobous indifferent taxa such 
as Achnanthes minutissima, Aomoeoneis exilis, Cocconeis 
placentula, Cymbel/a Cesatii, Cymbel/a microcephala, 

Cymbel/a ventricosa, Epithemia sorex and Fragilaria 

virescens are also present in addition to Eunotia species 
(Fig. 5). 

Fig. 4. Stratigraphy and diatom 
content in salinity groups at 
Kvemavatnet, Hitra. 

� Coarse detritus gyttja 1111 Sand wfth humus lR Sandlc1ay 
Thyro Solem 1994 · 
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Thyro S�em 1995 

Fig. 5. Stratigraphy and dia tom con tent of taxa with more than 3% representation at Kverna vatnet, Hitra. The genus Fragi/aria is calculated separately. For 
stratigraphical symbols, see Fig. 4. 

The layer at 351-350 cm shows more of these taxa, 
with peaks for Epithemia sorex, Fragilaria virescens, 

Navicla radiosa and Eunotia species. The following taxa 
occur only here: Amphipleura pellucida, Anomoeoneis 
serians, Cymbel/a aspera, Cymbella helvetica, Cymbel/a 

naviculacea, Frustulia saxonica, Gomphonema gracile, 

Neidium iridis, Pinnularia gibba, Stauroneis phoenicen

teron and Navicula cocconeiformis, but none attain 3% 
of the total, and they consequently do not appear in the 
diagram (Fig. 5). Since chironomids are also found in 
the deposit, this diatom assemblage was probably 
flushed into the marine basin in sediment derived from 
freshwater sites at higher elevations, which became re
deposited on the basin floor. The chironomids belong 
to the genera Polypedilum, Dicrotendipes, Einfeldia 

Microtendipes, Pseudochironomus and Psectrocladius. 
These are usually found in standing water in the littoral 
and sublittoral zones, and Einfeldia is associated with 
detritus-rich and soft sediments (Aagaard 1978; Aa
gaard & Hansen 1994). Several of the aforementioned 
diatom species are also usually found in mesotrophic to 
oligotrophic water (de Wolff 1982). Bearing in mind 
that the marine limit in the area is about 100 m a.s.l., it 
is unfortunate that the only available dating material 

here was the marine shell fragments, as it can be argued 
that also the shells are redeposited and thus may be 
older than the sandy layer. The age of the shells was 
10,545 ± 75 (TUa-978) in the Younger Dryas chrono
zone which was characterized by severe climatic condi
tions. We think this redeposition of freshwater 
organisms in the sea happened as a result of some 
climatic event that caused a flood in higher elevations 
and we feel confident that the dated shell fragments are 
part of a natura! marine sequence. This suffered a slight 
disturbance as the limnic material spread thinly out on 
the basin floor and settled among the shells, and in 
consequence the age 10,545 ± 75 dates this contempo
rary limnic material. 

Marine conditions continue at the 349-cm leve! where 
Paralia sulcata now dominates (60-80%). At the 341-
340-cm leve!, the marine diatoms start to decrease and 
Fragilaria pinnata quickly increases. Fragilaria pinnata 
dominates at the 337 cm level, but at 335 cm Cocconeis 
placentula dominates and Eunotia increases. The diatom 
evidence suggests that the isolation contact is at the 
340-cm leve!, but the invertebrate data show that condi
tions at this leve! are still marine. The 338-339-cm leve! 
contains Chironomus species (Table 4). This was 14C 

Table 4. Groups of invertebrates found in sediments from Kvernatvatnet, Hitra. Numbers of Chironomidae and Ceratopogonidae are given; the remaining groups are 
indicated as present ( +) or common ( + + ). Charophyceae oogonies are also recorded. 

Depth Cristatella Plumatella Plumatella Charophyc. 
(cm) Chironomidae Ceratopogonidae Trichoptera Daphnidae Acarina mucedo repens fungosa Diffiugidae oogonies 

325 350 1 9  + + ++ + + + + o 

330 1 60 4 o + + o + ++ o ++ 
335 1 7  o o + + o o o o o 

338-339 17  o + + + + + o o ++ 
340 o o o o o o o o o o 

345 o o o o o o o o o o 

349 o l o + + o o o o o 

350 8 o o o o o o o o o 

351 4 o o o + o o o o o 
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Table 5. Groups of invertebrates found in freshwater sediments from Storkuvatn, Hitra. Numbers of Chironomidae and Ceratopogonidae are given; the remaining 
groups are indicated as present ( +) or common ( + + ). Charophyceae oogonies are also recorded. 

Depth Daphnidae/ 
(cm) Chironomidae Ceratopogonidae T richoptera Chydoridae Acarina 

38 5 75 o + + + 

39 0 44 o + + + 

39 5 35 2 + + + 

40 0 22 5 o + + 

40 5 41 3 + + + 

41 0 31 l + o 

41 1 31 o o + + 

41 2 16 o o + + 

41 3 9 o o o o 

41 4 o o o o o 

dated to 9545 ± 95 BP (T-11488) and is considered to be 
the isolation leve!. A varied lacustrine fauna developed 
at the 330-cm leve!, which was dated to 8670 ± 95 BP 
(TUa-874A). 

Storkuvatnet, Hitra, 30 m a.s. l. 

STRA TIGRAPHY 

338-413 cm: Coarse detritus gyttja 
41 3-424 cm: Clay with marine mollusc fragments 

The stratigraphy is simple, and since the occurrence of 
insect larvae very accurately determines the isolation 

LITJVATNET, Kvammen 
Hitra, Sør-Trøndelag 
24 m o.s.l. 

195 

200 

205 

210 

215 

220 

225 

2JO 

235 

240 

245 

250 

� Coarse detritus gyttja 

Cristatella Plumatella Plumatella Charophyc. 
Porifera mucedo repens fungosa Difflugidae oogonies 

o ++ + + + ++ 

+ o + o ++ ++ 

+ + + + o ++ 

+ + ++ + + + 

+ + + + + o 

o o ++ ++ + ++ 

+ + ++ ++ o ++ 

o o + o + + 

o o + o o + 

o o o o o o 

point at 413 cm, it was not considered necessary to 
analyse the diatoms at this site. Nevertheless, the con
tent at 413 and 412 cm was checked by Synøve F. 
Sel vik. Invertebrates were investigated at l O levels, each 
centimetre from 414 to 410 cm and then each 5 cm 
upwards. The very few diatoms that occurred at 413 cm 
were marine (Synøve F. Selvik, pers. comm.), but six 
specimens of Chironomus (Tables 3 and 5) indicate 
brackish or lacustrine conditions. Because there was not 
enough organic material for a 14C dating of this leve!, 
the 412-cm leve! was dated instead, this leve! has a 
more varied chironomid community in addition to a 
well-established lacustrine diatom assemblage. It gave 

P>>:J Sand 
Thyro Solem 1994 

Fig. 6. Stratigraphy and diatom 
content in salinity groups at 
Litjvatnet, Hitra. 

� Coarse detritus gyttja with sand ttti\\l Fine sand 



200 T. Solem & J. O. Solem NORSK GEOLOGISK TIDSSKRIFT 77 (1997) 

Thyro Solem 1995 

Fig. 7. Stratigraphy and diatom content of taxa with more than 3% representation at Litjvatnet, Hitra. The genus Fragi/aria is calculated separately. For stratigraphical 
symbols, see Fig. 6. 

8780 ± 85 BP (TUa-977) which we consider to repre
sent the isolation since the time difference from 413 cm 
will probably be within the timespan inherent in the 
da ting. 

Litjvatnet, Hitra, 24 m a.s. l. 

STRA TIGRAPHY 

190-205 cm: Coarse detritus gyttja 
205-21 1 cm: Coarse detritus gyttja with sand 
21 1-214 cm: Transition to sand 
2 14-223 cm: Sand 
223-228 cm: Coarse detritus gyttja with sand 
228-243 cm: Coarse detritus gyttja 
243-245 cm: Transition to sand 
245-250 cm: Fine sand 

80 diatom taxa have been identified at this locality 
(Fig. 6), and levels 250 and 245 cm are totally dominated 
by polyhalobous taxa. These decrease at 240 cm where 
some oligohalobous halophile taxa are present, but 
oligohalobous indifferent taxa dominate. Halophobous 
taxa increase from 235 cm, and lacustrine conditions are 
established before a new marine sequence occurs from 
225 to 205 cm. A new increase of both oligohalobous 
indifferent and halophobous taxa marks a return to 
freshwater conditions at 205 cm. 

The 250 and 245-cm levels are dominated by Paralia 
sulcata with the addition of Triceratium antediluvianum 
and forms of Triceratium reticulum (Fig. 7). The occur
rence of Triceratium antediluvianum is interesting since it 

Table 6. Groups of invertebrates found in freshwater sediments fro!ll Litjvatnet, Hitra. Numbers of Chironomidae and Ceratopogonidae are given; the remaining 
groups are indicated as present ( +) or common ( + + ). Charophyceae oogonies are also recorded. 

Depth Daphnidae/ Cristatella Plumatella Plumatella Charophyc. 
(cm) Chironomidae Trichoptera Chydoridae Acarina Porifera mucedo re pens fungosa oogonies 

190 o o o o o + + o 

200 3 + o o + o o o o 

210 o + o + o o o o o 

21 1-212 3 o + o o + o o o 

2 15 o o o o + o o o o 

220 o o o o + + o o o 

223-224 l + o + o + o o o 

225 o + o o ++ + + o o 

230 3 o + + o + + o ++ 

240 17 o + + o o + o ++ 
24 1 2 + + + o o + o + 
242 24 o o + o o + o ++ 
243 o o o o o o o o o 

245 o o o o o o o o o 

246-250 o o o o o o o o o 
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Fig. 8. Shoreline displacement curve for Tjeldbergodden during the timespan 
from 9500 to 7700 14C years BP. The shaded area indicates the limit of the 
datings that mark the possible track of the curve. 

is considered a rather warmth-demanding species with 
its main distribution in the Mediterranean and along the 
coasts of southwest Europe (Edsbagge 1968). This tind 
suggests that the isolation of the basin took place during 
the climatic optimum of the Holocene when sea temper
atures were also higher than at present. At 240 cm 
Paralia sulcata decreases simultaneously with an in
crease in Cocconeis placentula. The oligohalobous indif
ferent Fragilaria pinnata and F. virescens dominate at 
235 cm, and at 230 cm there is an increase in halo
phobous taxa, dominated by Fragilaria leptostrauron. At 
this level, Paralia sulcata starts to increase again, reach
ing a maximum at 220 cm, after which marine con

.
di

tions prevail up to 205 cm where a lacustnne 
environment develops once more. 

Invertebrates were investigated at 15 Ievels (see Table 
6). They provide evidence that lacustrine conditions had 
begun already at the 242 cm level where chironomids a�e 
common. Charophyceae oogonies here show that thts 
macroalga established itself quickly after the isola�ion. 
The 240-cm level was the earliest one that contamed 
enough organic material for 14C dating, and it gave an 
age of 7760 ± 95 BP (TUa-873A). It seems reasonable 
that the age of the 242-cm level is close to this age, and 
as indicated for the other basins, probably within the 
timespan of the dating result. 

. 
The 226-227-cm level was dated to get an approxt

mate age for the sand layer; the result was 7790 ± 120 
BP (T-11487). The 190-cm level gave an age of 7775 ± 
80 BP (TUa-871A). The reason for three 14C dates from 
different sediment levels 20-30 cm apart giving practi
cally the same age is discussed later. 

Shore displacement curve for Tjeldbergodden 
Since the aim of this investigation was to provide de
tailed data on sea-level changes for an area containing 
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numerous Mesolithic dwelling sites, e.g. Tjeldbergodden, 
it was unfortunate that only one lake in the area had a 
suitable elevation, namely Lake K vennavatnet at 39 m. 
However, sea-level changes on Hitra, where a shoreline 
displacement curve was provided by Kjemperud (19�2, 
1986) could be expected to be similar. The closest basms 
for elevations lower than Kvennavatnet were on south
em Hitra. These basins are spread over a relatively large 
area since we aimed at basins between 40 and 24 m a.s.l.. 
The datings for the isolation have been plotted on a 
time-height diagram (Fig. 8) where the heights a bo ve 
sea level are corrected for differential uplift according to 
the gradients of a shoreline diagram constructed by 
Svendsen & Mangerud (1987). The shaded area in Fig. 8 
shows the limit of the datings that mark the possible 
track of the curve; we have chosen to draw the curve as 
a smooth intermediate between Kvennavatnet on the 
mainland and Storkuvatn on Hitra. 

Discussion 
Since there is no evidence for the Tapes transgression in 
Kjemperud's (1986) shoreline displacement curve fro� 
eastern Hitra, the sand layer at a depth of 214-223 cm m 
Litjvatnet was unexpected. Alternatively, a transgression 
phase is tentatively indicated on the neighbouring island 
of Frøya (Kjemperud 1982, 1986). Consequently, before 
the 14C dates of sediments in this lake were obtained, the 
sand layer was considered to be a product of the Tapes 
transgression which was here evidently of short duration. 
Four cores were taken from this lake within a radius of 
about 5 m, and the sand layer, varying in thickness from 
5 to 7 cm, was present in all of them, although its 
boundaries were even more diffuse than in the one 
chosen for investigation. The datings that were based on 
stratigraphy and diatom flora resulted in practically id�n
tical age, which again was surprising. After the isolatton 
at 240 (242) cm, lacustrine sediments were deposited 
uninterrupted over several centuries, since there seems to 
be a natura] sequence of development of both lacustrine 
fauna (Table 6) and diatom flora (Fig. 7), and we 
consider the isolation at 7760 ± 95 BP to be a reliable 
date in this basin. The sand was probably deposited as a 
result of the tsunami (gigantic sea wave) event reported 
by Svendsen & Mangerud (1990) and Bondevik (1995), 
which took place around 7200 years BP when the sea 
level was only a few metres below the threshold. The 
tsunami, probably generated by a large submarine slide 
from the continental slope at Storegga off the west coast 
of Norway (Bugge 1983; Jansen et al. 1987; Harbitz 
1992· Bondevik 1995), most likely caused a disturbance 
and 

'
mixing of the sediments in Litjvatnet, which will 

explain the apparent inconsistency in the 14C ages. 
The 1ithostratigraphy and diatom content in the levels 

investigated (Figs. 6 and 7) confirm each othe: to a 
degree, and the situation resembles a transgresston

. 
se

quence. But the invertebrate investigation clearly testtfies 
to the disturbance of the sediments since, apart from the 
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marine level between 250 and 243 cm, before the isola
tion, none of the higher levels show stable marine condi
tions that would totally exclude a lacustrine fauna if the 
sand layer represented a transgression stage. A freshwa
ter fauna is present to a varying degree at every level, 
including levels which, judging by the diatom record 
alone, are exclusively marine, and exemplifies the impor
tance of freshwater zoology in this connection. The 
abundance of Paralia sulcata in the sand layer confirms 
that the sand is of marine origin, and the mixing of 
detritus gyttja with sand below and above the sand layer 
itself can be explained by the sudden inwash of marine 
sand. The 14C dates 7790 ± 120 BP and 7775 ± 80 BP, 
below and above the sandlayer respectively, provide fur
ther evidence of reworking. Thus the actual da ting of the 
tsunami proved impossible, but it obviously happened 
later than 7760 ± 95 BP. 

Since the tsunami is thought to have reached more 
than 6 m above sea level further south on the coast of 
Møre og Romsdal (John Inge Svendsen, pers. comm.), 
Storkuvatnet, at 30 m a.s.l., could perhaps also have 
been affected. However, the stratigraphy of this lake was 
completely undisturbed, and a second check of the di
atom content in levels above the isolation gave no evi
dence of the presence of marine taxa. The chironomid 
data (Table 5) also support this. With the corrected 
height above sea level of this lake, the run-up heights of 
the tsunami in this area seem to be less than l O m. 

Results 
Since the shoreline displacement curve from Hitra 
(Kjemperud 1982, 1986) lacks isolation dates for eleva
tions between about 40 and 18 m, the dates from the 
present investigation are - very tentatively - applied to 
it (Fig. 9). The Tjeldbergodden curve needs only a minor 
correction for differential uplift to fit the Hitra curves 
since the isobase distance is only about 1.6 km. As 
shown in Fig. 9a, our data fit the derived curve drawn by 
Svendsen & Mangerud (1987) with the exception of 
Storkuvatn, which stands out as possibly too young. If 
the Hitra curve is drawn as suggested in Fig. 9b, it 
indicates a sea level about l O m higher than suggested by 
Kjemperud. However, both Kjemperud and Svendsen & 
Mangerud indicate a period of about 2000 years when 
the shoreline was stable. Our data suggest a more contin
uous land elevation between 9000 and 8000 BP (Fig. 9b ), 
and a very slow regression between 8000 and 7700 years 
BP. However, a stable shoreline between ca. 8000 and 

Fig. 9. O a. The 14C dates of isolation contacts from the present investigation 
added to the sea-leve! curve from Hitra drawn with solid lines (Kjemperud 1982, 

1986) where three of them fit the derived curve ( dashed line) from Svendsen & 
Mangerud (1987). O b. A tentatively altered shoreline displacement curve for 

Hitra. The Tjeldbergodden curve is plotted ( dotted) without further corrections 
as the distance between the Hitra and Tjeldbergodden isobases is negligible. The 
dashed line is Svendsen & Mangerud's deri ved curve. O c. The lower part of the 
Bjugn curve for comparison (Kjemperud 1982, 1986; Svendsen & Mangerud 
1987). Redrawn from Svendsen & Mangerud (1987). 



NORSK GEOLOGISK TIDSSKRIFT 77 (1997) 

7000 BP cannot totally be excluded, taking into account 
Kjemperud's and Svendsen & Mangerud's data. We find 
it interesting and reasonable that the new outline pre
sented for the Hitra curve from 9500 BP to 7700 BP 
more closely resembles that for Bjugn ca. 60 km further 
northeast (Fig. 9c). 
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Appendix 
Author names for diatoms in text and diagrams. 

Achnanthes Clevei Grun. 
Achnanthes minutissima Kiitz. 
Achnanthes pusilla (Grun.) De Toni 
Amphipleura pellucida Kiitz. 
Anomoeoneis exilis (Kiitz., Grun.) Cl. 
Anomoeoneis serians (Breb.) Cl. 
Cocconeis placentula Ehr. 
Cyclotella comta (Ehr.) Kiitz. 
Cymbella aspera (Ehr.) Cl. 
Cymbella Cesatii (Rabb.) Grun. 
Cymbella descripta (Hust.) Krammer & Lange-Bertalot 
Cymbella helvetica Kiitz. 
Cymbella hungarica ssp. Grunowii A. Cl. 
Cymbella microcephala Grun. 
Cymbella naviculacea Grun. 
Cymbella ventricosa Kiitz. 
Dimerogramma minor (Greg.) Ralfs 
Epithemia sorex Kiitz. 
Epithemia zebra (Ehr.) Kiitz. 
Eunotia Rabb. spp. 
F ragilaria construens (Ehr.) Grun. 
Fragilaria leptostauron (Ehr.) Hust. 
Fragilaria pinnata Ehr. 
Fragilaria virescens Ralfs 
Frustulia rhomboides (Ehr.) De Toni 
Frustulia saxonica Rabb. 
Gomphonema gracile Ehr. 
Navicula cocconeiforrnis Greg. 
Navicula digitoradiata (Greg.) A. S. 
Navicula hungarica Grun. 
Navicula radiosa Kiitz. 
Navicula rhyncocephala Kiitz. 
Navicula subtilissima Cl. 
Neidium iridis (Ehr.) Cl. 
Nitzschia palea (Kiitz.) W. Smith. 
Opephora marina (Greg.) Petit 
Paralia sulcata (Ehr.) Cl. 
Pinnularia gibba W. Smith. 
Pinnularia interrupta W. Smith 
Pinnularia major (Kiitz.) Cl. 
Plagiogramma staurophora (Greg.) Heib. 
Rhopalodia gibberula (Ehr.) O. Miiller. 
Stauroneis phoenicenteron Ehr. 
Synedra pulchella (Ralfs) Kiitz. 
Synedra ulna (Nitzsch) Ehr. 
Tabellaria ftocculosa (Roth) Kiitz. 
Triceratium antediluvianum (Ehr.) Grun. 
Triceratium reticulum f. tetragona Ehr. 
Triceratium reticulum f. trigona Ehr. 




