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Lithifield shell gravet 'beach rock' on Nesøya, North Norway, occurs as loose blocks and pillar-shaped in
situ bodies located in and just above the present intertidal zone. Its main sedimentary constituents are
skeletal fragments, mostly of molluscs and echinoderms. Quartz grains occur in considerable amounts.
The cement is high magnesium calcite of marine origin. Both radiocarbon datings and fossil content show
that the bioclastic constituents of the gravet were formed during the Holocene, and that the cementation
took place during the Subatlantic stage. lsostatic elevation of the gravet into the intertidal zone promoted
cementation due to periodical wetting and dessication.
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The present study deals with some low, pillar
like structures and loose blocks of lithified shell
grave! found on Nesøya, North Norway

(Fig.
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formation and diagenesis of these sediments

through the rest of the Quaternary.

were of interest for doser analysis. Carbonate
cementation of recent marine sediments under
temperate climatic conditions occurs only spo
radically, and precipitation of magnesian calcite
in marine environments outside tropical and sub
tropical areas is unusual.
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Field relationships
The studied locality is situated on the western
coast of Nesøya, along the shore of a shallow

de

sound running between the main island and a

scribed recent Mg-calcite and aragonite cementa

group of a greater and smaller islands to the west

tion from submarine and littoral sediments from
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the Kattegat area. In contrast, Alexanderson

visible at low tide, consists of loose shell grave!.

1). The bottom of the sound, as far as it was

(1978 and 1979) showed that dissolution and

The same sediment covers also the surface of the

breakdown of carbonates were the typical marine

intertidal zone.

diagenesis in eastern Skagerrak.

The lithified shell grave! occurs in the upper

part of the intertidal zone and j ust above the high
water leve!, scattered along the shore for a dis

Quaternary geological background

tance of c. 400 m. This peculiar rock type is
preserved as greater or smaller loose blocks and

The Weichselian ice retreated from the island

in situ pillar-like structures. In addition to peb

Træna to Tomma

bles and small blocks there have been observed
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16 larger blocks and pillars, which are described

1978). Based on these ages the time of

in the following with numbers referring to the
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the ice retreat from Nesøya is estimated to be
10,500 B. P. by proj ecting the position of Nesøya

map in Fig. 4.
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I. Location maps showing position of Nesøya and adjacent regions. Area with lithified shell grave! in circle.

1-4. These loose boulders Iie in the upper part
of the intertidal zone. Their long axes vary
from 30 to 80 cm, while their short axis ranges
from 30 to 60 cm. The boulders are partially
covered with loose shell grave!.

5. This is a loose block of cylindric shape
having a length of 150 cm and a diameter of 80
cm. It Iies on its long side just above the
intertidal zone between large boulders of gran
ite and gneiss. One end of the carbonate block
contains rounded boulders and pebbles of
granite, and its surface shows distinct traces of
dissolution.
6. A short cylinder-shaped block having a visi
ble height of 100 cm and a diameter of 80 cm.
Its base is not exposed.
7. This pillar-shaped structure is the most con
spicuous occurring in the area (Fig. 5). Its
height is 160 cm, diameter at base 90 cm and
diameter at top 50 cm. It rests mainly on angu
lar boulders of gneiss and granitic gneiss, and

in a minor area on bedrock of granitic gneiss.
The base of the pillar shows a total conformity
with the uneven surface formed by the boul
ders and bedrock. It is clearly visible that the
shell grave! is filled into the spaces between
the older rock surfaces.
8. This is a low, probably Joose block with its
upper part emerging some 19 cm above the
surface of the intertidal area. Its visible surface
area is 20 x 30 cm.
9. This low, column-shaped body of lithified
shell grave! stands just on the boundary be
tween the loose shell grave! forming the tida!
flat and the boulder belt developed along the
uppermost part of the shore. It has a height of
130 cm and an elliptical cross section with axes
measuring 60 and 120 cm respectively. The
surface of the column shows traces of a rough
stratification dipping seaward (Fig. 2).
10. A column with a diameter of 80 cm stand
ing on the upper part of the tida! flat of stony
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Fig. 2. Three pillar-shaped structures of lithified shell grave) from Nesøya. The shore is seen from north to south with block 10 in
the right foreground, block 9 in the left foreground and block 7 in the background. The tida) flat consists of Joose shell gravel. The
uppermost part of the shore zone is covered by large boulders.

shell gravet Its height measured from the

plate Iies in situ as it partially fills voids be

grave! surface is 130 cm. A hole was dug into

tween boulders of gneiss and granite. It prob

the grave! to a depth of 50 cm and showed an

ably represents the basal part of a pillar shaped

even continuation of the column downward.

body similar to those described above.

Its base was not reached.

16. Irregular plate of lithified shell grave! with

lL This is a block with a triangular outline

a diameter around 50 cm. The grave! forming

measuring 80 x 80 x 50 cm. Its visible height is

the plate is partially infilled between large

30 cm.

boulders suggesting that the carbonate is still

12. This body of carbonate has a diameter of
120 cm and a flattened upper surface. Its
height above the tida! flat is 30 cm.

in situ. Also in this case the plate apparently
formed the basal part of a pillar-shaped struc
ture.

13. Crescent-shaped body of lithified carbon
ate measuring 50 x 80 cm. Its height above the
tida! flat reaches 30 cm.
14. Crescent-shaped body of lithified carbon
ate situated in the upper part of the shell grav
el zone. It is 100 cm long, 60 cm wide and has a
visible height of 20 cm.

9

Material and methods
The material analysed in the present study con
sists of: 11 samples

(each

with several subsam

ples) taken from the consolidated shell grave!, l

sample from the loose shell grave! taken from the

15. This is an irregular plate of lithified shell

present tidal flat, and l sample from loose shell

grave! having a diameter around 40 cm. The

grave! taken 60 cm above the high water mark.

- Geologisk Tidsskr. 2184
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3. Shore line diagram for the western part of the Rana region. Redrawn from Grønlie (1978).
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Fig. 4. Sketch map showing location of boulders and pillar-shaped structures of lithified shell grave! on the western shore of
Nesøya. The numbers refer to description in the text.
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5. Pillar-shaped body (nr. 7) of lithified shell gravel resting mainly on boulders and partially on bedrock.
Bedrock of gneiss exposed just behind the pillar.

Fig.

At the locality of the latter sample the gravet is

tion analysis_ The thin sections have been stained

hidden by a thin cover of soil and grass.

with Alizarin red S and Feigls solution (Fried

The petrography of the samples has been stud

man 1959).

ied in thin sections by cathode lurninescence,

The quantitative composition of the samples

scanning electron microscopy and X-ray diffrac-

was determinated by thin section analyses (Table
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Tab/e l. Thin section analyses of shell grave! from Nesøya, showing volume percentages of the main components (400 points
counted). The cement and porosity are also included.

Loose shell grave!
Present
tidal
flat

60 cm
above
present
tid.flat

Sample nr.

lO

Ouartz
Rock fragments
Feldspar
Skeletal fragments
Carbonate cement
Porosity

10
7
5
78

Position

Lithified shell grave!
Block 15

Block 5

Base

Base

Top

Base

Top

11

9

3

4

5

22
6
12
60

4
4
2
41
32
17

4
l
3
52
24
16

4
2
3
46
34
11

7
4
l
37
32
19

Pillar 6

Block 9
Base

Top

6

12

13

6
15
2
39
26
12

13
7
5
30
24
21

11
9
5
30
27
18

Table 2. Composition of loose and lithified shell gravel expressed by the percentage of the different grain
types. Based on grain counting under stereo microscope.

Position

Sample nr.
Quartz, feldspar,
rock fragments
Bivalves and
gastropods
Echinoderms
Foraminifera
Bamacles
Serpulids
Ostracods
Bryozoans
Not differentiated
biogenic carbonate

Loose shell grave!

Lithified shell grave!

Present
tidal
flat

60cm
above
present
tid.flat

Block 15

Block 5

Base

Base

Top

lO

11

9

3

26

37

18

32
21
8
4
2

25
9
5
8
l

46

5

15

20

7

6
3
l
0,1

Block 9
Base

Top

4

12

13

30

28

45

49

29
11
4
0,4
0,8

14
26
3

18
9
6

lO

25

29

23

34

6
l

'
1), and by grain countings in disintegrated sam
ples (Table 2).
Samples of the lithified shell gravel were disin
tegrated by careful crushing. The material was
then split by wet sieving into the fractions 63-125
�tm, 125-500 Jtm, 500-1000 Jtm and > 1000 mJt.
The different types of grains were counted in
these four fractions under a stereo microscope.
The same disintegrated sample material was also
used for the foraminiferal analysis which was
carried out by counting of tests in the fraction
125-500 �tm (Table 3).
Among the samples included in Tables 2 and

3, nos. 9, 3 and 12 were only slightly lithified.
During disintegration the sediment of these sam
ples was generally broken up along the grain
boundaries and counting of the fragments gave,
therefore, reliable results. Samples 4 and 13,
both from the uppermost part of a pillar-like
structure, were more lithified (see also Table l)
and as a consequence, a large number of the
carbonate grains were broken across during the
disintegration. In addition, the original grain sur
faces were often covered by secondarily precipi
tated calcite, making an identification of the
skeletal fragments difficult.

Holocene lithification of carbonates, North Norway
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Percentage frequency of foraminiferal species calculated from the total foraminiferal fauna.
Loose shell grave)

Lithified shell grave)

Present
tidal
flat

60cm
above
present
tid.flat

Block 15

Block 5

Base

Base

Top

Sample nr.

10

11

9

3

4

Cibicides lobatulus
Ammonia batavus
Elphidium articulatum

96,3
1,0
0,5

97,0
1,1

93,4
0,3
2,9

92,4

99,0

Elphidium macellum
Nonion barleeanum
Trifarina angulosa

0,5

1,1
0,6

0,5

1,1
0,3

Acervulina sp.
Rosalina vilardeboana
Quinqueloculina seminulum

0,5
0,2
0,2

0,8
1,1
0,3

Position

Miliolinella subrotunda
Cassidulina obtusa
Cassidulina reniforme

Block 9
Base

Top

12

13

95,7

98,0

4,7

0,8

1,1

0,3

0,8
1,0

0,2

Cassidulina laevigata
Lenticulina orbiculare
Milliammina fusca

0,8
2,0
0,3
0,3

Buccella tenerrima
Ulvigerina peregrina

Petrographical composition
Modal analyses of 9 samples show that the lithi
fied shell grave! is composed of 8 to 40% silici
clastic fragments, 30 to 78% skeletal carbonate
fragments, 11 to 21% porosity and 24 to 34%
carbonate cement (Table 1).
The carbonate material composing the bio
clasts and the cement contains on average around
30% low magnesium calcite, 50% high magne
sium calcite and 10% aragonite, as shown by X
ray diffraction analyses. Analysed specimens of
Mya truncata and Lucinoma borea/is did show
that these shells consist of aragonite both in re
cent samples and in the lithified shell grave!. The
echinoderrns and foraminifera are made up of
low or high magnesium calcite. In addition to
these carbonates, myrrnekitic feldspar, amphi
bole, plagioclase, potash feldspar and mica have
been observed in thin sections and by the X-ray
diffraction analyses. The rock fragments consist
mostly of granitic gneisses.
The petrographical analyses show that a rather
confined diagenetic evolution has taken place.
The first alterations occurred befare cementa
tion, when some of the skeletal particles were

0,8
0,8

exposed to micritization. After this episode the
high-magnesium cement was forrned. This ce
ment, which is known to be of marine origin,
consists of needles (10 IJ.m x l IJ.m) that form
radiating structures (Fig. 6a and b). The upper
most parts of the pillars are generally more ce
mented, and consequently less porous than the
low blocks and lower parts of the pillars.
Both thin sections and cathode luminiscence
analyses show the uniform cement composition.
The absence of chemical zonation in the cement
suggests one precipitation event. In a few cases
two onlapping episodes of cementation have
been observed, but also in these cases chemical
composition is uniform, suggesting the same ori
gin.

Origin of bioclasts
The fauna! composition of the lithified shell grav
el is very similar to that of the uncemented grave!
found on the present tida! flat and in somewhat
older beach deposits occurring up to at !east 60
cm above the present high water mark. Both the
loose and the consolidated gravels consist mainly
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6. Tbin sections of lithified shell grave! from Nesøya.
a) Needles of magnesian calcite developed on bivalve shell fragments. Sample 6, from top of pillar-shaped structure, nr. 6.
Crossed nicols (x 450).
b) Needles of magnesian calcite developed on the shell of Cibicides /obatulu.s. Sample 12, from base of pillar-shaped structure, nr.
9. Crossed nicols (x 160).
c) Section dominated by echinoderm fragments (spicules and other ossicles) and foraminiferal shells. Sample 12, from base of
pillar-shaped structure, nr. 9. Crossed nicols (x 25).
d) Section showing gastropod and bivalve fragments, foraminiferal shells and two large echinoderm spicules. Sample 4, from top of
pillar-shaped structure, nr. 5 (x 45).
Fig.

of strongly fragmented and reworked skeletal

also present in the loose gravel on the recent

remains (Fig. 6c and d). Whole shells, except of

tidal flat and in the sample taken 60 cm above it.

foraminifera, and large fragments are seldom.

Bivalves and gastropods
Bivalve and gastropod remains are the most
common bioclastic constituents of the sediments
under consideration (Table 2). These two groups
form 10 to 46% of the lithified shell gravel. In
the uncemented shell gravel they compose 25
and 32% of the two analysed samples. In spite of
detailed searching only 4 whole shells of bivalves
were found in the lithified gravel. They represent

Echinoderms
This group is only represented by disarticulated
skeletal fragments. Spicules and plates of echin
oids are the most common, but in addition plates
of asteroids and arm vertebrae of ophiuroids also
occur. In the lithified gravel echinoderms com
pose 6 to 26% of the sediment, while in the loose
gravel the same group constitutes between 9-21%.

Foraminifera

3 specimens of Mya truncata and l specimen of

The foraminiferal assemblages found in the lithi

Lucinoma borealis. Both of these bivalves are

fied and the loose shell gravel show great similar-
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c

ities (Table 3). In both of these sediments the
assemblages are characterized by low diversities
with number of species per sample ranging from
2 to 11. The assemblages are strongly dominated
by Cibicides /obatulus, which occurs with fre
quencies from 92 to 99%. In addition to this,
altogether 16 species were observed sporadically
and with very low frequencies. Among these spo
radic species the following are found both in the
lithified and loose shell grave!: Ammonia bata
vus, Elphidium articulatum, Nonion barleeanum,
Trifarina angulosa, Acervu/ina sp., Rosalina vi
lardeboana

129

and

Quinquelocu/ina seminulum.

Other fossil groups
Samples of both the lithified and loose grave!
contain as minor constituents: plates of barna
des, tubes of serpulid worms and a few frag
ments of bryozoans. In one sample of lithified
grave! a few ostracod valves were found.

Age relationships
Radiocarbon datings
Four radiocarbon age determinations were made
on samples taken from the lithified shell grave!.
All the obtained ages are well within the Holo
cene (Flandrian) and are listed in Table 4.
Radiocarbon dating of paired valves of Mya
truncata resulted in 2,350 ± 90 B. P., while paired
valves of Lucinoma borealis have given 2,780 ±
170 B. P. These ages correspond to the Early
Subatlantic and Late Subboreal time, respective
ly (in accordance with the Quaternary stratigra
phical terminology proposed by Mangerud et al.
1974).
Both of the dated specimens were found in
living position in the lithified shell grave! (Fig.
7), which implies that the consolidation of the
grave! has taken place later than the ages men
tioned above. Thus, an age lower than Late
Subboreal or Early Subatlantic must be supposed
for the beginning of the high Mg-calcite cementa
tion, at least for localities 15 and 16 where the
dated shells were colh�cted.
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a

c

7. Bivalves from the lithified shell grave) of Nesøya.
a) Shell of Mya truncata in Iiving position. Sample 9b, from block nr. 16 (x 1).
b) Left valve of Lucinoma borealis. Sample 9a, from block nr. 15 (x 1,5).
c) Cardinal margin of the right valve of Lucinoma borealis (x 3). Fig. 7b and c belong to the same specimen.
Fig.

One bulk sample of lithified shell grave! taken
from the base of block 9 gave an age of 6,880 ±
90 B.P., while another bulk sample taken from
the top of the same block is dated to 7,190 ± 110
B.P. The vertical distance between the two sam
ples is 125 cm. It is natura! to expect an age
difference between a bioclastic sediment and its
burrowing fauna preserved in situ. In our case
this difference is, however, surprisingly large,
about 4,500 years.
A factor which may have increased the appar
ent age of the shell grave! is the mixing of skei
eta! material of different ages by wave and cur
rent action. The crushed and reworked nature of
the sediment suggests that such processes have

been active to a great extent. The age of the
oldest carbonate fragments that may have been
mixed into the grave! can be (at !east theoretical
ly ) as high as c. 10,500 B.P., which is the esti
mated age for the retreat of the Weichselian ice
sheet from the area.
As shown above, bulk sediment from the top
of block 9 has given an apparent age 310 years
higher than the base of the same block. This age
difference may be ascribed to influx of relatively
old biogenic carbonate fragments to the area
when the top of the block was deposited. The
ages obtained on bulk samples may, however,
also be influenced by the amount and age of the
cementing carbonate. Dissolution of older
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Table 4. Radiocarbon dates from Nesøya.

Sample
no.

Laboratory
reference no.

Location

Type of
material

Age
(yrs B.P.)

9b
9a
12

T-2978
T-2979
T-2980

Block 16
Block 15
Base of block 9

2,350±90
2,780±170
6,880±90

13

T-2981

Top of block 9

Mya truncata
Lucinoma borealis
Bulk lithified
shell grave!
Bulk lithified
shell grave!

carbonates as a cementing source will produce
increased apparent ages. In this connection it
must be noted that the top of block 9 contains
more cement than its base_
Fossil content and age

·

The fossil content of the lithified shell grave! and
its fauna! similarity to the loose grave! of the
present tida! flat are in accordance with the Ho
locene dates obtained by the four radiocarbon
datings. The dominant species Cibicides lobatu
/us is an attached form common on sandy and
gravelly bottom affected by waves or currents.
lts recent distribution is cosmopolitan, but it oc
curs most commonly in arctic and boreal waters
of shallow to moderate depth. The species is
recorded from the Oslofjord (Risdal 1964) and
from the northem North Sea (Nagy & Ofstad
1980). It is dominating in recent assemblages on
Haltenbanken (Løfaldli & Rokoengen 1980),
Tromsøflaket (Vorren et al. 1978) and in the
shallow waters of Spitsbergen-banken (Østby &
Nagy 1982). Along the Atlantic coast of North
America it occurs from Cap Hatteras to New
foundland, from shallow coastal waters to a
depth of about 200 m (Culver & Buzas 1980).
Several of the other foraminiferal species in
the lithified shell grave! have a boreal and par
tially lusitanian marginal marine recent distribu
tion. In this connection it is interesting to men
tion: Elphidium articulatum which is well known
in recent, shallow, marginal waters of the North
Sea, e.g. Oslofjorden (Risdal 1964) and Kiel Bay
(Lutze 1968); Ammonia batavus is also regarded
as a marginal marine species and is recorded
from the Plymouth area (Murray 1965), Oslo
fjorden (Risdal 1964) and the Baltic (Lutze
1965); Miliammina fusca is widely distributed in
temperate shallow waters and tida! flats, and is
recorded among other places from the Jade Bay
(Bartenstein 1938), Oslofjorden (Risdal 1964),

7,190±110

and Christchurch Harbour in England (Murray
1973).
The bivalve Mya truncata is an eurytherm spe
eies with a wide recent distribution which is
most!y arctic - boreal. Along the eastern margin
of the North Atlantic it occurs from Spitsbergen
to the Bay of Biscay (Feyling-Hanssen 1955).
Lucinoma borealis is regarded as a boreal
lusitanian species (Hessland 1943). lts recent dis
tribution reaches from Finnmark to the Mediter
ranean. In the Kattegat it has been found at
depths from 20 to 50 m (Jensen & Sparck 1934),
while around the British isles it occurs from
the intertidal zone to a depth of 10 0 m.

Geological history

As demonstrated above, the skeletal fragments
composing the lithified shell grave! ('beach rock')
have a Holocene age, although the presence of a
minor Late Weichselian admixture cannot be
totally excluded. The deposition of the sediment
must be ascribed to high-energy conditions, in
shallow, subtidal to intertidal waters, and partial
ly on a beach, as suggested by the fragmented
and strongly worn fauna! remains, and by traces
of crude bedding in block 9.
The age of the bivalve shells found in living
position in the lithified grave! indicates that the
cementation of the sediment took place after
2,350 B.P. These bivalves lived at a water depth
of about 9 m as estimated from the shore-line
diagram for the Rana district (Fig. 3). By a grad
ual isostatic elevation of the land during the Late
Holocene the shallow water carbonate blanket
was lifted into the shoreface and foreshore,
where it was subjected to erosion by wave and
tida! action. The lithification of the grave! is
supposed to have taken place simultaneously
with the erosional processes (Fig. 8). The pre
cipitation of high Mg-calcite cement may be
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Ea rly and Middle Holocene
- ---- -------H igh water levet- -- - -

-----

-- - - -

Low water lev el------�1

Subatlantic

Pr e sent

&t2o·�1

Bedr ock

1::.:::::.::.:1

Loose shell gravet

Boulders

111111

Lithified shell gravet

Fig. 8. Model to elucidate the development of pillar-shaped bodies of lithified shell grave! in Nesøya. Main items are:
l) Sedimentation of biogenic carbonate under high energy conditions. 2) Elevation into the intertidal zone. 3) Simultaneous
cementation and reworking in the tida! area.

ascribed to periodical wetting and desiccation of
the sediments.
It seems so far that supersaturation of pore
fluid with respect to Mg-calcite, possibly in the
intertidal zone, resulted in cementation. Discus
sion of Ca2+ and co�- sources such as sea water,
dissolution of micritic carbonates, weathering of
basement carbonates, bacterial activity etc. must
wait for isotopic analyses.
Lithification of the sediment surface probably

started already when the carbonate blanket
gradually emerged into the intertidal zone, and
an initial relief was formed on its surface by
erosion. The lithification processes are supposed
to have been most active in the higher parts of
this initial relief. The hardened surfaces protect
ed the elevated areas against the scouring effect
of waves and tides, and gave time for a more
complete cementation. Contemporary erosion,
which has been most efficient on the deeper part
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of the relief, resulted in increased dissection of
the partially lithified carbonate blanket cover
ing this Late Holocene intertidal zone. Finally,
most

of

the

carbonate

blanket

was

re

moved. Thus, the blocks and pillars of lithified
shell grave!, as they appear today, are considered
to be remnants of a partially cemented carbonate
blanket, 'beach rock', left behind by the coastal
erosion.
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