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Fig. 1. Key map showing the provinces and localities mentioned
in text. Broken lines refer to detailed maps, Figs 5, 29, 32, 38,
39 and 41.

INTRODUCTION

This paper is a compilation of observations from regular geologi-
cal mapping in western Sweden, literature studies and documen-
tation of known shell deposits in the Vinern region. Today the
greater part of the deposits have been tapped and the remains are
overgrown. Understandably, only the main features of the deposits
can be given.

The shell deposits are divided into four geographical areas
besides the Uddevalla deposit, see Fig. 1. These four are de-
scribed separately with their related discussions and con-
clusions. It should be .noted that this paper deals with the
geological importance of the shell deposits; thus, conchological
and ecostratigraphical aspects have been left out.

Deglaciation chronology of the Vadnern basin is discussed in a

special paper.



All mollusc names given in accordance with original sources in
order to avoid distortion and so as not to create disorder in the
subsequent text. In the faunal lists an attempt is made to elim-
inate the o0ld Latin names in favor of modern established scien-
tific names. This procedure is somewhat imperfect, as opinions
differ between authors. As far as possible, the names are modi-
fied according to modern taxanomy. All mentioned species are
listed in alphabetical order with short descriptions in index.

Numbers and small letters in parenthesis refer to described
localities. All Uddevalla deposits have numbers whereas the
others have small letters. The locality names used occur on the
relevant topographical maps.

Described localities are referred to topographical map sheets.
Codes (la, 5e) after names of the maps refer to the 25-square

grid marked in the margin of the map concerned.

DEFINITIONS OF TERMS USED IN THE TEXT

Due to the present uncertainty of the Late Quaternary development

of the Vanern basin, the established terms used have to be de-

fined. Some new terms are introduced.

Geochronological classification

Late Weichselian (Late Glacial) denotes the time from the

beginning of the deglaciation up to the Pleistocene/Holocene

boundary at roughly 10 200 years B.P.
Younger Dryas Chronozone, about 11 000—10 200 years B.P. ends

the Late Weichselian subage.
Preboreal, 10 200—9 000 vyears B.P. initiates the Holocene

age.

Chronostratigraphy

At least in this paper it is convenient to distinguish between

clay deposited before and after the ice retreat from the Billin-

gen terminal moraines, Fig. 2, which constitutes the Pleisto-
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Pige 2. The main features of the Late Quaternary evolution of
the V@nern basin. The letters are abbreviations for the main ter-
minal moraine =zones, i.e. Berghem moraine, Trollh&ttan moraine,
Levene moraine, Skdvde moraine, and Billingen moraine. The inset
profile shows the stratigraphical occurrence of molluscs in the
clay sequences of the Vanern basin. From Fredén 1982, Fig. 3:1.

cene/Holocene boundary. During Late Weichselian times the V&nern
basin was a bay of the Western ocean and the rate of deglaciation
was rather slow. During the Preboreal the deglaciation pattern
changed to a fast retreat of the ice front, and due to the de-
glaciated areas and land uplift the V&@nern basin became an inland
sea between the Ocean and the Baltic basin.

By tradition, the marine glacial clays in western Sweden have
been divided into glacial and late glacial clays — a division
which cannot be accepted with reference to the definition of the
geochronological terms. In the descriptions of the geological map
sheets of Vdrmland, the terms finiglacial brackish clay, post-
glacial marine clay, and postglacial brackish clay occur (Magnus-
son & Sandegren 1933, p. 71).

The designation of the glacial clays used below is chosen
among unoccupied names of concept of deglaciation space charac-
ter. The names are not linked to any reference sequence: they are
used more as names for two different types of glacial clays with

regional extension. The characteristics are based mainly upon the



occurrence of subfossil and fossil finds of marine vertebrates
and invertebrates. To a certain degree these reflect the then
prevailing hydrographical conditions.

Dennegdrd (1984, pp. 147—148) has investigated glacial clays
at four sites in the southern part of the Vdnern basin i.a. with
a view to the content of foraminifers. The presence and absence
of micro and macro fossils in clays correspond in character at
least in that part of the area.

Glacial sediments are related to deglaciation processes.

Usually distinct varved clay is formed in fresh water and non-

varved or diffuse varved clay in waters with a salinity of more
than 3 per mille (see Stevens 1985, p. 130).

Skagerrak clay is a marine glacial clay deposited up to the

end of the Younger Dryas Chronozone. Usually the clay contains
shells.

varmland clay is a marine glacial clay deposited in Preboreal

times. It corresponds to the Yoldia clay in the Baltic basin. The
Varmland clay is almost devoid of shells and shell fragments.

Postglacial sediments are restricted to processes unrelated to

deglaciation, e.g. the V&nern sediments, which consist of silt

and silty clay (Lundgvist 1958, p. 93—94).

Bio- and lithostratigraphical terms

Some of the terms are given schematically in Fig. 3. The ter-
minology used by Hessland is described on p. 13.

Subfossil means that the weight of the object when found does
not exceed its original weight.

Shells mean shells of sea animals, chiefly of molluscs and
barnacles.

Shell layer is a unit of shells or shell fragments mixed with

mineralogic particles. In the layer the shells and shell frag-
ments may have an imbricate structure, but more commonly they are
irreqularily deposited. When shell fragments dominate they have
been crushed into sand- or silt-sized pieces.

Shell-bearing sediments are thin shell layers embedded in

sand, silt, or clay.
Shell-bed is a formation of stratified shell layers and sand,
silt, or clay strata of about the same thickness. The total

thickness of the shell-bed unit exceeds 0.5 m.




Shell-bank is a morphological unit covering an area of 500
square metres or more. The shell-bank consists of a shell-bed
which is wusually discordantly overlain by stratified sand and
silt, partly shell-bearing.

Shell deposit is wused as a universal term for all kinds of

units in which shells or shell fragments are prominent constitu-

ents.

Zoogeographical terms

Species are conventionally grouped into three regions with re-
spect to water temperature and salinity.

Arctic 1is equal to the area north of Spitsbergen and north of
the southern part of Greenland's east coast.

Boreal 1is the region between the British Isles and Spitsber-
gen.

Lusitanian distribution includes those species which occur in

waters south of the British Isles.

METHODS

Drilling techniques

Geotechnical drillings have been carried out east of Uddevalla by
Orrje & Co. A piston sampler with a diametre of 12.5 cm was used,
and undisturbed samples with a height of about 20 cm were taken
from each metre of depth.

The Geological Survey of Sweden later made additional dril-
lings with an auger of 5 c¢m diametre and 100 cm length. The
combined results of these methods suggests a tentative inter-
pretation of the stratigraphy. Since exact definitions of layer
boundaries cannot be established, the records show the strati-

graphy in general.



Sampling

Shells have been sampled for radiocarbon age determination and
for documentation.

Besides the field sampling, available duplicate collections at
the Swedish National Museum of Natural History and the Museum of
the Geological Survey were searched in order to find suitable
shells from tapped deposits for radiocarbon dating. This pro-
cedure was carried out very carefully, so that no original refer-
ence shells were used and only shells from a large duplicate
collection were spoiled.

When collected in situ for radiocarbon measurements, mostly
shells and large shell fragments of one species were sampled in
undisturbed horizontal layers within a range of about 10 cm in
height and, at the most, 100 cm in length and 20 cm in depth.

As to particle size and mode of transportation, the largest
shell fragments are assumed to be equal to the unbroken shells,
while smaller fragments have been most probably redeposited from
assemblages separate in time and space. As the aim was to deliver
a sample of at least 100 gr for radiocarbon age determination,
most samples collected had a gross weight of slightly more than
200 gr. It is assumed that specimens of a contemporaneous as-
semblage have been deposited synchronously within the given
range. From this follows that only large shell fragments were
sampled when necessary. Most datings were carried out on shells
of Hiatella because the species is common in the deposits and its
shell is thick enough for the purpose.

However, shells at some deposits were obviously affected by
weathering and contamination, and in some layers it was difficult
to find enough material to fullfill the requirements described
above. In order to obtaine a measureable weight the sampling
range was sometimes widened, or else shells of two or three
species had to be collected. In some cases the urge to achieve a
radiocarbon dating of an interestingly situated locality overcame
misgivings about the suitability of the shells.

No restrictions applied when a sample of an embedded shell
layer was taken. Mostly these shell layers are thin, only 10—2Q
em thick, and have a limited distribution. Independent of size,
all shell fragments were assumed to have the same origin as the

integrated species.




Shells have been spread by man in large nearby areas, and ex-

tra caution was required by this circumstance.

Radiocarbon age determinations

Radiocarbon age determinations of shells from shell deposits are
shown in Figs 31, 36 and 49 in connection with the described
regions. Almost all determinations were carried out by the Lab-
oratory for Isotope Geology in Stockholm: the Slac-values given
for the main part of the samples refer to the PDB standard and
are based on measurements made by Dr R. Ryhage at the Karolinska
Institutet in Stockholm. Pre-treatment of samples included mech-
anical cleaning and ultrasonic washing in distilled water. The
carbon dioxide was released by treatment with hydrochloric acid.
About 10—20 per cent of weight was removed and the innermost
parts of the shells were used for dating purposes as far as the
samples allowed. Age calculations are based on a contemporary
value equal to 0.95 times the activity of the NBS oxalic acid
standard and on a half-life for 14C of 5568+30 years. Age ex-

pressed in B.P. means radiocarbon years (= years before 1950).

Contamination. Datings from multiple fractions of marine shells

are necessary to ensure maximum reliability. Fractionation cor-
rections, 813C normalization and apparent age have been discussed
by Olsson & Osadebe (1974).

Shells taken from shell-banks have been exposed to carbonate
contamination and leaching over a long time. As appears in Fig.
31, fraction 2 of some samples shows an age difference in com-
parison with fraction 1 (outer), 3, and 4 (innermost). It follows
that the innermost fractions are considered to be the purest, but
sometimes fraction 1 or 2 may also be reliable. A small deviation
may indicate little or no contamination.

Samples of duplicate shells may have been contaminated during
storage. The storing conditions since the field collection of the
three museum samples are unknown. According to Olsson (1974, pp.
313—314) stored shells may show an activity corresponding to 1.5

per cent of the activity of the international 14C standard.



Reservoir age of sea water. Exhaustive discussions have been

published about the apparent age of sea water in general (Olsson
1974) and of recent marine shells in particular (Mangerud 1972).
The complicated problems in determining and interpreting 14C
datings of marine shells are only very briefly touched upon in
the following treatment of some special aspects.

Atmospheric 14C is transferred at the ocean — atmospheric in-

terface. The 14C activity of oceanic bicarbonate is compared to

14C activity of contemporary terrestrial material. Thus, there is
a negative and a positive correction. According to the circu-
lation pattern of water within the oceans, water masses show
different ages.

Datings of recent "pre-bomb" marine shells of the Swedish west
coast suggest an age of 400+25 years (Ha8kansson 1975, p. 80). The
corresponding correction value has been used in the Figures,
though it is doubtful if recent values are applicable on shells
of animals which have existed in quite different hydrographical
conditions. When corrections are made, the value 813C and the es-

timated apparent age of sea water are found to be almost equal

for marine shells of Late Weichselian times.

SHELL-BANKS AND SHELL-BEARING SEDIMENTS IN GENERAL

Shells and shell fragments are found in shell-banks, in shell-
bearing sediments and as individual components in clay.

The described stratigraphy is not unique for the Uddevalla and
Vanern shell deposits but is found more or less complete in al-
most every shell deposit in western Sweden.

Most of the shells found individually in clay are intact and
show no traces of erosion. Usually such finds occur in the basal
parts of the glacial clay, implying occurrence at an early stage
of the clay sedimentation. The species found isolated in clay are
consistently the burrowing types of lamellibranches, which could
tolerate a 1low salinity. The most common mollusc in the lower
part of the Skagerrak clay is the bivalve Poatlandia arctica. Ob-
servations in a few cuts of basal clays have shown that as-

semblages of Mytilus edulis may be found in horizontal layers at



most one metre long and ca 5 cm thick. The shells are often

complete, they lie close to each other, and coarse particles are
absent. In contrast with shell-bearing sediments, such a shell
layer in clay is considered to be almost autochtonous.

The shell-bearing sediments consist of one or more shell
layers in sand or clay. The shell layers are mostly characterized
by an abundance of shell fragments mixed with fine and coarse
minerologic particles. The thickness of each layer varies between
one and ten cm. Signs of a vertical grading may be observed in
which the grain size of particles gradually decreases upwards
from the basal fraction, which is dominated by sand and gravel.
Shell fragments are generally found in the upper part of the
layer. Due to the restricted occurrence and the absence of suit-
able pieces for identification, the number of species identified
is usually low.

Shell-bearing sediments may be separated into two groups with
different characteristics, shell-bearing clay and shell-bearing
sand. Both types originate from littoral processes, but they are
deposited at different depths.

Shell layers embedded in clay are usually found in the centre
of a valley with no apparent continuity with the valley sides.
These shell layers are thus deposited in relatively deep water.
When an embedded shell layer in clay is found to be continuous
with the wvalley side, it often constitutes the most distal part
of a shell-bed.

Shell layers found in sandy sediments are most often lying
close to a valley side. Shell fragments are mostly very small and
the number of intact shells is very low. The strong influence of
littoral processes suggests a lengthy deposition in shallow
water. In comparison with the faunal composition in the shell-
bearing clay, the relatively long-time exposure to littoral
processes (high energy environment) involves a greater supply of
primary and secondary shells for shell-bearing sand. The number

of identified species is relatively low.

Shell-banks

There are no longer any good possibilities to observe the strati-

graphy and character of the layers from top to bottom in a shell-

bank. The following characteristics are built on observations
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Fig. 3. An outline of an idealized stratigraphy of a shell-bank
in the Uddevalla region. Characteristics of strata are given in
the text and in Fig. 4.

made during the surveying and on information from literature,
primarily from Odhner's works. A rough outline of the location
and stratigraphy of a shell-bank is given in Figs 3 and 4. For
further stratigraphic information, see Fig. 17.

Usually a shell-bank is related to a more or less steep hill-
side of bare bedrock, partly at a small fissure valley. The
stratigraphy of a shell-bank is divided into three units. The
shell-bed, B-unit, is covered by deposits belonging to the A-unit
and 1is underlain by clay, sand, and gravel, or bedrock, the C-
unit. These main units are divided into sub-units.

The ideal stratigraphy of a shell-bank is shown in Fig. 3. The
stratigraphy of the deposits differs from place to place and
usually all sub-units are not present. Shell layers have ir-
regularities caused by primary submarine and secondary terres-
trial downslope processes.

At the superficial morphologic foot of the shell-bank, or on
top of it at the hillside, a layer of shell-bearing gravelly sand
may be found. This a, layer is rather insignificant as to dis-
tribution and thickness. The shell fragments are often crushed
into very small pieces but within the layers less eroded shells
of molluscs can also be found. Compared to the B unit and iden-
tifiable shells of the other a-layers, the faunal composition is
quite different, implying that the unit may have a Holocene
origin as a beach deposit, though some shell fragments belong to

species with a boreo—arctic character. In the Uddevalla area the
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Bl 4. Characteristics of the composition of shell layers in
Fig. 3. Occurrence is marked with a plus, rare occasion with a
plus within a parenthesis. Asterisk means that complete bivalves
are to be found.

al sub-unit is restricted to areas below 55 m above sea level and

thus may occur as surficial patches unconnected to shell-banks.

Usually the top unit of a shell-bank consists of a 0.5—1.5
metre thick, horizontally laid and well-defined layer of silt,
sand, and gravel. The grain size decreases with the distance from
the bedrock. The a, sub-unit is free of shells and shell frag-

2

ments while the ay sub-unit is characterized by shell fragments

broken into very small pieces, see Fig. 25. The whole A unit is
separated discordantly from the shell-bed underneath. The boun-

dary layer, a consists of coarser grain size, and is often

4'
sharply marked, see Fig. 14. This layer is almost free of shell
fragments. On the frontal slope there is no a, sub-unit and the

transition between ay and b1 is gradational there.
All substrata in the A unit are deposited close to a beach.

The sharply marked boundary surface, a reflects erosion by

4’
waves. ‘
Most of the components in the A unit originate from the B
unit.
In the distal parts of a shell-bed the shell layers are
covered by Varmland clay, which is of maximum thickness in the
centre of the valley where it may be overlain by some metres of

postglacial clay and alluvial sediments. The Varmland clay is

R Loy
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almost free of shells and shell fragments; cf. the Skagerrak
clay, C unit, below. Close to the shell-bank, however, the clay
is shell-bearing and a sharp transition between the ay or bl
subunits cannot always be found.

Special erosive features, a grooved boundary surface and two
wedgeshaped veins, have been observed in the upper parts of two
shell-banks: Kapellbacken (locality 1), 16 m above sea level, and
Samnerdd (locality 2). As these features have not been inves-
tigated satisfactorily, information is given in the locality
descriptions.

The shell-bed, B unit, consists of more or less well strati-
fied shell layers, which dip away from the hillside rather uni-
formly; see Figs 3, 9=10, 14 and 21. The upper proximal part is
usually cut off by wave action. The transitions between the three
sub-units are gradational.

The bl sequence is found in the upper and distal parts of the
shell-bed. The sub-unit is characterized by argillaceous shell
layers or embedded clay layers up to 10 cm thick. Due to the clay
content, the b1 layers are fairly consolidated, see Fig. 21. The
thickness and distribution of the clay layers vary. The thickness
of the sub-unit seems to increase with the distance from the be-
drock, unlike the b2 sub-unit which decreases in the same
direction. The distal parts of the B unit are usually argil-
laceous. Shell fragments dominate and observed shells are usually
eroded.

Apparantly, the bl stratum is deposited during moderately
quiet conditions in shallow water. Shells and shell fragments
have been extensively exposed to erosion before final deposition.

The b2 sub-unit forms the main part of a shell-bed. Shell
layers consist of less eroded shells and, for the most part, the
shell fragments are large enough for reliable identification.
Particles and layers of sand and gravel are mixed with the shells
and the shell fragments, sometimes producing cemented strata.
Complete bivalves (united shells) are also found. The grain size
and the frequency of non-eroded shells decreases away from the
hillside. The largest shell-beds are characterized by this porous
type of deposit.

In the basal part of the shell-bed, b3, the occurrence of

mineralogical particles increases and the grain size becomes



coarser; even pebbles and cobbles are recorded. Comparatively

large and thick shells are found.

Layers of b2 and b3 sub-units are interpreted as having been
deposited in relatively deep water. The shells show notably less
evidence of erosion, which implies that vertical movement and
burial has taken place in one step without extensive horizontal
transport. The compositional variety between minerogenous and
biogenous components reflects the supply of material at the time

of sedimentation.

The shell deposits are underlain by bedrock, partially cement-
ed sand or gravel, or by Skagerrak clay. The boundary surface
between the B and C units is always sharp. In the clay, thin
layers of shells or individual shells, even complete bivalves,
occur. Apart from some shell fragments in the uppermost part,
shells are totally missing in the stratified sand and gravel

unit, as might be expected due to it glaciofluvial origin.

Concerning the genesis of shell deposits along the northern coast
of Bohusl&n, Hessland (1943) divided the shell-banks, which he
called aggradation deposits, into progradation deposits and
regradation deposits. The former were deposited in the main
direction of movement of the transporting medium, while the lat-
ter were deposited in the opposite direction. This division is
not quite applicable to the Uddevalla area, where, in addition to
normal wave and current dynamics along a coast, special hydro-
graphical conditions have had an influence on both faunal in-
habitat and deposition of shells, e.g. deposition within a strait
perpendicular to the coast. In some cases shells could be de-
posited in one direction only for morphological reasons.

To avoid misunderstandings Hessland's terminology is not used
in this paper. In accordance with the morphology of shell-banks,
Hessland (1943) differentiated between terraces, cones and del-
tas, all formed as progradation deposits. The terraces are found
on slopes of fairly flat bedrock surfaces, while cones are mainly
associated with accentuated fissures. Deltas occur mostly on the
lee side of a local sill. Transitional forms were recorded be-
tween all three types of progradation deposits.

Regradation deposits are found only as terraces. A charac-

teristic feature of this type is a high content of minerogenous
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particles. The deposit is furthermore recorded below a thick top
layer.

If the Uddevalla and Vanern deposits are related to the coas-
tal ones of northern Bohusldn, representatives for each group and

transitional form are present.

SHELL DEPOSITS IN THE UDDEVALLA REGION

By the Uddevalla region is meant the northeast quadrant of a
circle with a radius of about 30 km from Uddevalla city. Within
this area, shell deposits are concentrated within two main val-
leys of east—west orientation, Figs 5 and 29. The valleys are
separated by a flat bedrock plateau between 100 and 125 m above
sea level. Hilly areas above the highest shoreline (see below)
limit the region to the north and south.

The Quaternary map sheet of Vé@nersborg NO (Fredén 1974) covers
the main part of the area concerned. The region is characterized
by vast areas of exposed bedrock. The sediments in the distinct
valleys are dominated by glacial fine clay.

No reliable evidence of the highest shoreline is to be found
within the map area. Delta surfaces to the north and south sug-
gest an altitude of 135—140 m above sea level at Uddevalla.

Known shell deposits will be described in two parts. As is
shown in Fig. 5, there is such a concentration of shell deposits
in the wvalley east of Uddevalla that there is reason to divide
the description into shell-banks and shell-bearing sediments. The
part dealing with the shell-banks is relatively extensive, since
it forms the central point of this paper.

The valley between Uddevalla and V@nersborg can be divided
into two morphological parts, Fig. 5. The eastern one is moder-
ately flat and broad, running through the elevated Precambrian
peneplain, while the western part shows typical features of the
Bohusl&dn fissure landscape — the valley is narrow and the valley
floor is hilly. In the border zone between these different types
of landscape the valleyline makes a northerly detour. The present
watershed is located in the easternmost part, almost 55 m above
sea level. It is formed by alluvial sediments and clay with
thickness of more than 28 m (Fredén 1974). Between the watershed
and Byfjorden certain stretches of the rivers Risdn and B&vedn

run on bedrock outcrop.
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Fig. 6. Section of the former embankment of the state railway
northwest of Uddevalla. The present highway and railway are seen
in the background. The section shows the technique of railway
construction in the Uddevalla area at the turn of the century. On
a body of sandy—gravelly material (glacifluvial sediments and
till), a 20=—30 cm thick shell layer is visible below 30—40 cm
of sand at the top. On the slopes there is clay 10—20 cm thick
and covered by sand. The white stick where the right-hand rail
used to lie is 1 m long. The railway embankment will be pulled
down and the shells will be spread over again. — Photo CF 1976-
09-01.

Shell-banks

Twentythree shell-banks have been recorded in the B&veén river
valley and its vicinity, Fig. 5. Most of them are more or less
totally exploited and the remains are covered with vegetation. It
follows that reconstructions have been made according to the
original extension. When the area was mapped in 1968—1970 suf-
ficient exposure for some reconstruction was available. It may be
noted that the occurrence of a shell-bank indicates that distal
shell layers embedded in clay are to be expected.

The shell-banks have been exploited for centuries and have had
a wide field of application: fertilizing, poultry-fodder and road
construction. Large quantities were cut away for the construction
of the standard-gauge railway from Uddevalla to Vé&nersborg (1863-
-1864) and the narrow-gauge railway from Uddevalla to Bengtsfors,

opened in 1895 and closed in 1964 (Brdgger 1900—1901, p. 312,




Forsaeus 1985). The old structural engineering of railways is

shown in Fig. 6, and at Ryr railway station one can still see
fillings of gravel, sand and shells, mainly H{atella, on the
platform and on track number one.

When Nordmann (1906, p. 80) visited Uddevalla at the turn of
the century, he was, upon arriving, immediately reminded of being
in a town of shell-banks. All roads and paths in the residential
district were covered with "macadamized" shells.

Hauling plants were later used to extract shells and shell
fragments below groundwater level for lime-works, see locality
20. When the Samnerdd (locality 2) military rifle-ranges were
rebuilt shell layers, due to low specific gravity, were used as
insulation material in the unstable clay of the harbour area.
Some companies have carried on mining at several localities at
different times. At the turn of the century one company started
at Ramserdd (locality 13), then it moved to locality 15, operated
Brdcke (locality 3) until it became a nature reserve, and ended
with the mining at Alje (locality 20). Another company operated
the Bjdrback (locality 12) deposit when the Kapellbacken (locali-
ty 1) deposit 16 m above sea level was emptied.

The shell-banks are divided into three geographical groups.
The western shell-banks include localities 1—7, the central
shell-banks, localities 8—15, and the eastern ones, locality 16-
=23.

Western shell-banks, localities 1—7

The best known shell-banks in the region, and in Sweden as well,
are situated in the western part of the Uddevalla—V&nersborg
valley, where the land surface lowers to sea level, represented
by the Byfjorden.

The classical "shell hills of the Samnered domains" are known
since the beginning of the 1700's. Three of the deposits, Kapell-
backen, Brdcke and Kurdd, have been scientifically examined
several times before the end of the mining about 40 to 50 years
ago. The Samnerdd deposit has been investigated recently.

Some faunal notes are made in the following descriptions. All
the identified invertebrates and subfossil skeletal parts of
marine vertebrates are listed in the chapter Faunal composition.

In faunal respects the shell-banks must all be regarded as one




unit. In the early days of investigation no distinction was
usually made between them. Finding-places were labelled "Uddeval-
la" or "Uddevalla shell-banks", and when local names were used

they were often inaccurate.

The larger shell-banks, 1—4, are described separately and

accompanied by a synopsis while the three smaller ones, 5—7, are

treated together.

1. Kapellbacken, Fig. 1. The locality is known to science since

the days of Linné and Swedenborg. During the last two centuries
many researchers have visited Kapellbacken, chiefly for its
palaeozoological interest.

The different deposits are substantiated by De Geer (1910a)
with 1lists of identified species and a map in scale 1:5 000. De
Geer's paper largely consists of a rather theoretical discussion
about 1land subsidence '"proved by molluscs". His ideas may have
influenced the description, because in it there is an annoying
lack of stratigraphical information. De Geer (1889, p. 207;
1910a, p. 1152, p. 1177) had visited the Kapellbacken deposits
periodically since 1881. The main map work was carried out in
1884.

Valuable information about the Kapellbacken deposits is given
in Brégger's (pp. 317—323) comprehensive paper of the mollusc
fauna in the Kristiania (Oslo) region. There was not much to see
when Nordmann paid a visit in 1906.

Odhner (1927, pp. 81—82), who had been one of De Geer's
assistants in the analyses, returned in 1922 to the area accompa-
nied by Caldenius, Munthe, and Sandegren. At this time mining
operations were taking place, at least in the deposit 16 m above
sea level (op.cit. Fig. 2). Between 1926 and 1928 Ringstrom
(1928) with the assistance of the workers collected the skeletal
parts of vertebrates found during the mining (see p. 85). In the
beginning of the 1930's industrial mining diminished and ceased.
Since the 1940's most of the Kapellbacken sites have been built
over. A reconstruction of the deposit locations is shown on Fig.
7

Apart from De Geer's compilations, identified species have
been published by Thudén (1866), Brdgger (1900--1901), Lindstrdm
(1902) and Odhner (1927). As mentioned in the introduction, De
Geer's interpretation of the shell deposits was contradicted by
Odhner (1918,1927).
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Kapellbacken is a valley of an almost north-—south direction,
Figs 5 and 7. Its northern portion runs into the Byfjorden low-
lands. The highest parts of the valley floor lie 65—70 m above
sea level. The surrounding bedrock hills to the east and the west
reach above 75 m above sea level. A north-—south bedrock ridge
divides the valley. The eastern part is drained by a small stream
which runs in a fairly enlarged and deep ravine. Shell deposits
in the valley are only known in the part, which is exposed to-
wards Byfjorden.

The compilation below is for the most part after De Geer
(1910a). Altitudes given for the deposits refer to location num-

bers -in Fig. 7.

From the deposit 70 m above sea level one sample was analysed
by De Geer. Shells of barnacles, Saxicava and Mytilus were com-
mon. Balanus crenatus was the dominating species among the shells
of barnacles. Individual shells of Anomia ephippium, Macoma

baltica, and Macoma calcarea were also recorded.

At locality 68 Odhner (1927, p. 83) measured the following

stratigraphy:
0 — 20 cm Top-soil
20 — 32 cm Sandy shell layers

32 — 44 cm Clay with no shells
44 — 159 cm Shell layers underlain by weathered bedrock.

Lists of identified species are given by De Geer (1910a) and

Odhner (1927).

Locality 65. No information or identification list is known.

Concerning the locality 50 m above sea level De Geer stated
only that clay about one metre thick covered the shell layers. It
seems that the deposit along the west side of the central bedrock
ridge has been overlain by 0.5—1.0 m of younger deposits. The
shell-bed was probably slightly thicker than one and a half
metre. The old main road to Uddevalla passed on this side of the
Kapellbacken valley and the shell deposits have been long known.

The redrawn extension in Fig. 7 may be somewhat deceptive.
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The locality 46 m above sea level was found 1898 by De Geer
(1910a, pp. 1159, 1171). At the foot of a rock-face he found a
0.6 m thick shell-bed on clay. In addition to the dominating

Saxicava arctica, the following species were numerous: Balanus

crnenatus, Anomia ephippium, Mytilus edulis, Littonina Littonrea,
and Hydrobia ulvae. These species may be characterized as living

in shallow water.

Locality 42 was situated at the mouth of a small tributary
valley. According to De Geer (1910a, pp. 1159—1160) the strati-
graphy was the following:

D— 0.5m Clay
0.5 — 2.3 m Stratified shell layers dipping eastwards
2.3 — 2.8m Soand
2.8 — 3.3'm Clayey sand
In 1973 shells were visible on the surface of the northwest

side of the deposit.

A surficial shell-bearing sand, locality 34, has a divergent
faunal composition (De Geer 1910a, pp. 1177—1178, Table C).
Shells of L{ttonina ALttorea and Balanus crenatus dominate. No
less than 24 shells of Cardium edufe, 4 of Ostrea edufis, 10 of
Bittium neticulatum, and 6 of Nassa reticulata were recorded. In
this shell-bearing sand, which was underlain by clay, shells be-

longing to Holocene species dominated.

At localities 26 and 28 a rivulet has cut embedded shell-beds
in the wvalley. Later human activity has enlarged the gully. The
stratigraphy is given according to De Geer (1910a, pp. 1157—
1158, " Fig. 3):

0 — 0.4 m Sand
0.4 — 1.2 m Sandy clay
1.2 — 5.6 m Shell-bed underlain by clay in which shells of
Arnca glacialis, Macoma calcarea, Portlandia
anctica, Leda pernula, and Nucula tenuis expansa
were found. The latter two were identified by

Brégger {(1900—1901, p. 320).

The extension of the deposits of the east and the north is

unknown. On the basis of what was visible on the slopes in 1973,



the thickness increases to the west, i.e. toward the central be-
drock ridge. According to Brdgger (1900—1901, p. 320) the shell-
bed had been sliding on the underlying clay in "recent"times.
Most of the recorded species from the Kapellbacken area come
from the deposit 26 m above sea level. Samples for analyses were
taken by De Geer at the bottom and at the top. Today the ground
on both sides of the gully is developed. Visible shells are not

assumed to be 4n A{tu. The slopes of the gully have been used as

refuse dumps.

The best known of all Kapellbacken deposits is the one at 16 m
above sea level, also known in literature as Kristineberg. The
locality is situated in the central part of a small valley run-
ning northwards. The surrounding bedrock terrain reaches slightly
more than 24 m to the east and above 75 m above sea level to the
southwest. The main part of the shell deposit lies close to the
bedrock hill in the east.

De Geer estimated the thickness of the shell-bed to 4—5 m.
Due to talus only a couple of metres were visible to him. When
Odhner (1927, pp. 81—82, Fig. 2) later visited the area, the cut
was close to the bedrock hill and a vertical wall of almost 7 m
was accessible (cf Munthe, Johansson & Sandegren 1923, Fig. 72).

A brief but comparatively complete description was given by
Carlzon (Caldenius) in 1920. Carlzon (p. 320) had been asked to
make a geotechnical assessment of the shell-bank and the distal
shell 1layers in order to find out the stability effects on the
adjacent railway between Uddevalla and Goteborg. According to
Carlzon, the deposit had a length of about 190 m along the bed-
rock hill. In the proximal parts, the layers were gravelly,
contained large and thick shells, fairly well preserved, whereas
in the distal parts the layers were sandy and silty and contained
smaller, thinner shells that were often crushed. Longitudinal
sections and cross-sections had been made, but unfortunately the
report is not to be found in the archives of the state railways
(Torsteinsrud, personal communication).

In the beginning of the 1930's the deposit was totally exploi-
ted. Nowadays only signs of extensive mining are visible. The
western part of the valley, however, is almost untouched signify-

ing negligible shell amounts.




A shell-bearing sand was reported to lie discordantly upon the
shell-bed, which had layers showing a regular dip to the west.
According to De Geer (1910a, p. 1161, Figs 5 and 6) the boundary
surface was grooved due to littoral erosion. Later Halden (1925)
discussed cylindrical forms as sand pipes, which he interpreted
as a local dissolution of carbonate and subsequent in-filling by
the overlying sand. Where these sand pipes are present the boun-
dary surface is grooved. Odhner (1927, p. 91), who had probably
seen the feature mentioned by De Geer, attributed the grooved
surface to leaching, as suggested by Halden.

The shell-bearing sand had a similar faunal composition to
locality 34. The following species were listed by De Geer (1910a,
pp. 1160—1161, 1178): Cardium echinatum, Cyprina <islandica (even
with both shells united), Lucina borealis, Ostrea edulis, Apornr-

hais pespelecani, Hydrnobia ulvae, Montacuta sp., and probably
Bittium neticulatum. Later, when the cut was closer to the bed-

rock hill, Odhner (1927) examined the uppermost part of the
shell-bed, i.e. just below the shell-bearing sand. He identified
shells of the following species: Astante costata, Cardium gasci-
natum, Littorina nudis, Hydrobia ulvae, Rissoa ALnconspicua,
Bittium neticulatum and Discus (Patula) rotundatus. However,
Dicus (Patula) nrotundatus, a land snail, is to be regarded as
sub-recent.

Almost all known species from the Kapellbacken deposits have

been recorded at this locality.

The deposit 14 m above sea level is not commented upon by De

Geer.

The list of identified shells in the deposit at 10 m above sea
level shows a Late Weichselian fauna. No shells of Holocene

origin are recorded.

Summary. The classical locality Kapellbacken was composed of
different shell deposits at altitudes between 10 and 70 m above
sea level. Almost all of them have been destroyed. The largest
shell-banks are found below 30 m above sea level in the northern
part of the valley. The well-stratified shell layers were under-
lain by glacial clay (Skagerrak clay) and overlain by 0.5—~1.0 m

of younger deposits, clay and sand. In one deposit the boundary
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between the A and B units consisted of a grooved surface caused
by leaching.

Surficial shell-bearing sands, a, sub-unit, showing a distinct

faunal composition of Holocene oiigin were recorded below 40 m
above sea level.

Regarding stratigraphy and faunal composition it seems prob-
able that the valley, mainly the central bedrock ridge, has been
inhabited more or less continuously by an arctic—boreal fauna,
which has obviously moved downwards pauid passu with land uplift
in order to keep batymetrical and hydrographical conditions as
consistent as possible. The most favorable conditions prevailed
when the molluscs lived between 20 and 30 m above sea level. The
corresponding water depth is unknown. As shells were concentrated
at certain levels and not uniformly spread, sea level changes af-
fecting habitat and later sedimentation conditions may have
contributed to this heterogeneous pattern.

The highest recorded deposit of Holocene shells is situated at
34 m above sea level.

Calculations of volumes are uncertain, but especially in this
case, as most of the signs of shell deposits are eliminated by
urbanization. A volume of 10 000 cubic metres is assumed along
the wupper west side of the bedrock ridge. About 20 000 cubic
metres have been cut by man and eroded by the rivulet on the east
side of the bedrock ridge. At least 50 000 cubic metres have been
mined in the shell-bank at locality 16. Together with the other
small deposits and the unknown extension of the 4—5 m thick
shell-bed on both sides of the rivulet a rough figure of about
100 000 cubic metres total seems likely.

One radiocarbon determination has been carried out on stored
shells. The exact collecting site is unknown. The age of shells
of deep water molluscs given tells only when the dated molluscs

inhabited the area.

2. Samnerdd. The deposit has not been described previously.
Its regional position is shown in Fig. 8 and its local position
relative to the exposed bedrock in Fig. 9. The shell-bank is
situated along the east side of a short north-—south-orientated
valley. The whole area is used as military rifle-ranges. The

shell layers have now and then been cut for road repairs and road
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Fig. 8. Map of the western shell-banks and embedded shell de-
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the drilling holes, see Fig. 17. Drilling hole o is situated
south of Samnerdd. Shell-banks and bedrock according to the Quat-
ernary map Vdnersborg NO (Fredén 1974).
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Fig. 9. Northeastern part of the Samnerdd shell-bank. The wall
on the left is orientated WNW—ESE and the one on the right is
almost perpendicular. The scattered trees grow on bedrock. The
flat surfaces in front of the trees are safety banks within the
rifle-ranges. Figs. 10 and 11 are close-up pictures of the
stratified layers to the right; for identification notice the
concave moulding (black). In the right-hand margin of the picture
a small tributary valley is situated. — Photo CF 1968-09-09.

building within the military area. Vertical walls have been easy
accessible for stratigraphical =zoological investigations, see
Figs 9 and 10. It may be noted that the shell-bank formerly has
served as an artificial infiltration area. That process has made
the shells ferruginous.

The surveying of the map sheet Vanersborg NO (Fredén 1974)
started in 1968. In the autumn of that year the Quaternary geol-
ogists of the Geological Survey's map division visited Samnerd&d.
During the winter 1969 the rifle-ranges were rebuilt and large
quantities of shells were cut away. No scientific authorities had
been notified of this operation, so the last opportunity to
document the deposit as well as the fauna in the area was lost.
The only finds that were taken care of by the workers were well-
preserved skeletal parts, identified as belonging to domestic
animals. "0ld and ugly" skeletal parts roused no interest. Fortu-
nately, Dr Anders Warén of the Zoological department of Goteborg
University had examined the cuts out of personal interest before

the devastation. Among the species identified by Warén are some




Fig. 10. Samnerdéd shell-bank. Well stratified shell layers, b

sub-unit, dipping southwards. The shell layers are very porous,
and even without human activity talus slopes are rapidly formed.
The concave moulding on Fig. 9 is seen to the left of the man.
Note the wedge-shaped and silt-filled veins to the left. — Photo
J.Lundqvist 1968-10-09.

Fig. 11. Samnerdd shell-bank. Close-up picture of shells and
shell fragments mixed with particles of gravel, sand, and silt.
Porous layers =- mainly shells — are intersected by more con-
solidated layers of shell fragments cemented with sand and silt.
The dark-coloured shell layer by the knife is ferruginous. Shells
of H{atefla and side-plates of Balanus hammerl dominate in the
picture. - Photo J.Lundgvist 1968-10-09.
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previously not known in the area or in all Scandinavia, see Fauna
composition.

The Samnerdd deposit is composed of at least two accumulations
which are continuous with each other. The original topography is
unknown.

In the northern part of the valley a shell-bank accumulated at
the foot of a bare hill slope rising above 100 m above sea level.
On top of the deposit, about 75 m above sea level, there was a
layer of sand and gravel, 0.5 m—1.0 m thick, with a horizontal
stratification — A unit. The surface close to the hill was flat.
The A unit of the shell-bank has not been found unspoiled.

The original surface, the a, sub-unit, sloped gradually down-
ward from about 75 m above sea level to about 50 m above sea
level in the south. The original extension of the shell-bank is
uncertain west of the minor road.

The shell-bed, B unit, consisted of well stratified shell
layers with a uniform dip to the west and the south, see Figs 9—
11. About 50 m south of the hill slope the shell-bed was up to 15
m thick in the central part, according to construction drawings.

A residual portion of the shell-bank is found in the small
valley orientated perpendicularly to the main valley in its
northeastern corner. The flat surface of the deposit lies 68 m
above sea level. The slope to the east is fairly steep. This part
of the shell-bank has been used for military trenches and the
flatness of the surface might be man-made. The only 4n s{tu shell
layer may be found between the traces of the trenches.

During the construction works in the spring of 1969, shells of
Pontlandia arctica were found in the shafts of the underlying
dark bluish Skagerrak clay. The clay surface had a low gradient
southwards.

In the upper part of the shell-bed two wedge-shaped veins, one
deep and one shallow, were noticeable in the autumn of 1968, see
Fig. 10. Both were filled with unstratified silty sand. The
upward continuation is unknown due to human activity. The deep
vein was faulted and had a width of 18 cm on the visible surface.
The shallow one was 10 cm wide at the ground surface. The origi-
nal depths were at least 220 cm and 60 cm respectively. The shell

layers were cut very sharp and the transition to the sand was




"razor-sharp". Unfortunately a closer examination in three di-
mensions was put off until the spring of 1969. However, some
impressions will be related.

During the construction works cross-sections of more or less
temporary water courses were visible in the south part of the
shell deposit. The ditches were V-shaped and half-filled with
silty sand, partly mixed with shell fragments. While the old

drainage pattern was destroyed during the spring of 1969, the

surface water rapidly cut new V-shaped furrows in the easily
eroded shell layers. The summarized observations suggest that the
origin of the two wedge-shaped veins may be related to water
erosion and filling with alluvial sediments. Cylindrical forms
caused by leaching are described on p. 23.

East of the minor road a shell-bank existed on the west and
south sides of a bedrock hill, which has a peak about 85 meter

above sea level. The surface of the shell-bank close to the bed-

rock 1is almost 50 m above sea level. In the south, shell layers
filled up the 1lower part of the small valley orientated south-
west—northeast. In this valley the thickness of shell layers was
4—5 m. The shell-bed was overlain by about 0.5 m of sandy sedi-
ments and underlain by Skagerrak clay. The visible upper part of
the B wunit consisted of shells mixed with sand and gravel along
the west and south side of the hill. In the southeast part of the
small valley the shell layers were clayey.

Further southwards shell layers are overlain by a greyish and
partly sulphurous clay. In the east—west valley the shell layers
are connected with a shell-bed originating in the bedrock hill
south of the railway, see Fig. 8. At drilling-hole "o" the

following stratigraphy was measured:

0 — 5 m Postglacial and Varmland clay
5 — 12 m Sandy and gravelly shell layers

12 — 16 m Skagerrak clay underlain by sand and gravel

At a distance of 400 m west of drilling-hole "o" the thickness
of the post glacial and mainly the Vd&rmland clay increases to
about 10 m and the thickness of the shell layers decreases to a
few metres.

See also description of locality 25 which is situated about

500 m west of drilling-hole "o".
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Summary . Of the original Samnerdd deposit, less than 5 per cent
are still untouched. The deposit consisted of at least two ac-
cumulations. One lay at the foot of the steep-sided bedrock area
to the north. At a horizontal distance of about 50 m to the
north, the 100 m contour level is crossed. The other accumulation
was situated at the bedrock hill which has a peak about 85 m
above sea level. South of the Samnerdd shell-bank, shell layers
embedded within the clay are known.

A rough figure of 100 000 cubic metres is estimated for the
north accumulation of the shell-bank, about 50 000 cubic metres
for the south part and about 10 000 cubic metres for the embedded
shell-beds and shell layers, which gives an approximate figure of
160 000 cubic metres for the total volume of shell deposits of
the Samnerdd area.

One radiocarbon measurement has been carried out.

3. Bracke. One of the best-known shell deposits, the Br&dcke
shell-bank, Fig. 12, is situated in a triangular basin with its
apex to the northeast, Fig. 8. From the narrow gorge in the
northeastern part there is a continuation of shell deposits to
the Kurdd shell-bank, locality 4, Fig. 8.

The shell-bank was described briefly by Brdgger (1900—1901,
pp. 312-—317) and De Geer (1910, pp. 1168—1170). The latter has
it confused by name with the Kurdd shell-bank. The thickness of
the deposit, the altitude of wunderlying glacial clay and the
proximity to the Uddevalla—Herrljunga railway (op.cit., p. 1192;
cf. Nordenskitld and De Geer 1910, p. 50) confirms that De Geer's
"Kurtd" shell-bank corresponds to the Brdcke shell-bank, as de-
scribed in this paper.

The top layer, A unit, which can still be seen at the gorge,
was characterized by De Geer as about one metre of shells, gravel
and pebbles unconformably covering the shell-bed, cf. Fig. 14.
When Brdgger (1900—1901, p. 321) visited the area in the 1890's,
he observed a thin layer of shells overlying the Sax{cava bed at
the foot of the shell-bank, about 45 m above sea level. In this
layer, a, sub-unit, shells of Littonina Littorea and Cardium
edule were identified. During the surveying (Fredén 1974) other
species of supposed Holocene age were observed in the vicinity,

see Faunal composition.




Fig. 12. The nature reserve Brdcke shell-bank. The natural de-
posit is nowadays limited by modern roads. View towards NNE. In
the background, behind the upper part of the junction, the flat
original surface, ap sub-unit, is seen cf. Odhner 1927, p. 78
Fig. 1. — Photo CF 1976-03-30.

According to De Geer (1910, p. 1168) the shell layers in the
shell-bed dipped 20 to 27 degrees away from the bedrock, i.e.
southwards. When he visited the shell-bank in 1888 a vertical
section of 7 metres existed, ten years later a thickness of 12 m
was visible. The known maximum thickness of the shell-bank, about
13 m, was measured by Odhner (1927, p. 78), who also levelled the
flat top surface in the northeast part to 57.5 m above sea level
(op.cit., p. 88). The shell-bed is underlain by glacial clay of
Skagerrak type.

Brdgger (1900—1901, pp. 312—313) estimated the length of the
cut at 100 m and the width at 120 m. Brdgger stated that at least
50 000 cubic metres had been quarried. A panorama of the deposit,
obviously after the exploitation had stopped, is given by Ramsay
inA931

Through resolutions in 1930 and 1947 the remains of the Br&cke
shell-bank have become a nature reserve. A small pond with its
bottom in clay reminds us of the former enterprise. As no activi-
ty has occurred in several decades most of the deposit consist of
naturally overgrown slopes. Human activity (moped scrambles,
visitors walking in all directions) accounts for the fact that

only about ten species can be easily found and identified.



Fig. 13. Eastern part of Kurdd shell-bank during the palmy days.
View towards the north. Notice the polished outcrop to the left.
— Photo between 1910 and 1914, cf. Odhner, p. 84 Fig. 3. By
courtesy of the Uddevalla museum.

Summary . A total volume of the shell-bank of more than 100 000
cubic metres is probable. Less than 25 per cent nof that are
left.

4. Kurdd. The main part of the shell-bank is located in a narrow
valley with bare bedrock on the sides, see Fig. 8. In the south-
western part, the outcrop crosses the valley and the thickness of
the shell deposit was a couple of metres at this position. The
original flat surface in the southwest was measured by Odhner
(1927, p. 84) and found to lie 62.5 m above sea level. Close to
the bedrock side the surface rose to 63.2 m. The remains along
the south side of the bedrock show that the surface of the shell
deposit had a low gradient to the northeast.

After the exploitation ceased in the 1930's parts of the de-
posit have sometimes been used as a motorcross track. All present
slopes are affected by man.

The top unit of horizontal layers of sand and gravel is shown

on Fig. 14. The lowermost layers are mixed with small shell




Fig. 14. Kurdd shell-bank. Notice the discordance between the A
and B units and the dipping away from the bedrock hill. — Photo
between 1910 and 1914. By courtesy of the Uddevalla museum.

fragments, ay sub-unit. The shell-bed had a thickness of about 8
m in the southwest part, which is believed to be the maximum
thickness. The upper part of the stratified shell-bed had a high
clay content due, in part, to thin clay layers of variable exten-
sion. In general, the clay layers seem to have been more common
in the Kurdd shell-bank than in the shell-bank at Br&cke. Due to
talus and overgrown slopes, no dip information is available from
the Kurdd deposit. The valley floor consists of a greyish Skager-
rak fine clay.

As is seen on Fig. 13, extensive mining has taken place in the
central parts of the shell-bank. Today parts of the northeastern
area consist of artificial fill, cf. Odhner 1927, p. 90, Fig. 5.
Brégger (1900—1901, p. 313) estimated the volume of the shell-
bank to have been as great as the Br&cke deposit.

The shell-bank lay to leeward of wind and currents. Evidence
has been to indicate that some faunal assemblages were non-trans-
ported. Complete and non-eroded shells of Sax{cava and barnacles
attached to the bedrock suggested and 4n A{tu assemblages, i.e. a
bicoenose. Needles of A{li{ca algae have been found in the shell-
bed (Odhner 1927, pp. 83—86, stratigraphy is seen on Fig. 4).
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Fig. 15. Remains of the northeastern part of the Kurdd shell-
bank. The board to the right stands in a fenced round nature
reserve, which shows the locality of s{fica algae. — Photo CF
1979.

The patch around the locality is a nature reserve since 1926,
Fig. 15. The object of protection is hidden for the visitor
today, because the fenced area of the shell-bank is almost over-
grown talus. The whole area of the Kurdéd shell-bank is a nature
reserve since 1983.

In the remains of the shell-bank about 20 species can be
easily found in a fairly short time (cf. Brd@cke shell-bank). For
identifying different species the Kurdd shell-bank is the best
locality in the region. Hopefully, with some restrictions the
remaining parts will serve as a reference area for the future.

No shells have been collected for absolute dating. An attempt
to document an intact sequence from top to bottom may ruin the
best part or even most of the remains. As some datings are car-
ried out in the area the scientific purpose does not justify the

damage in this case.

Summary. The Kurdd shell-bank has been built up during tempor-
arily calm conditions. A total of about 75 000 cubic metres is

estimated. Less than 10 per cent of this amount are still left.




Fig. 16. View of the remains of the Kurdd shell-bank southwest
towards Byfjorden. The head of the minor road runs about level
with the original surface, which is also seen to the left of the
cut, where it has a low gradient. — Photo CF 1976-03-30.

Deposits associated with the Brdcke and Kurdd shellbanks.

Shell-bearing sediments and embedded shell-beds are known in the
vicinity of the Bracke and Kurdd shell-banks, see Fig. 8.

The area southeast of Brdcke and Kurdd shell-banks has been
occupied by industries since the 1960's. Before construction,
geotechnical investigations were made by Orrje & Co. In order to
get a picture of the occurrence of shell layers below surface,
additional drillings were carried out during the geological sur-
veying of the map sheet V@nersborg NO (Fredén 1974). Due to the
beginning of construction, these latter drillings could not be
done at all desirable sites. A summary of the drilling records is
shown in Fig. 17. Usually, the bottom layers of sand and gravel
were cemented.

It 1is evident that a shell-bed is located at drilling-hole f,
probably with its maximum thickness at or close to the drilling-
hole. Note that the distribution of embedded shell-beds and shell
layers is quite limited in areas away from the bedrock hills,
which are almost surrounded by the two shown railway tracks on
Fig. 8.

Older residents of Uddevalla say that in their youth they
could walk on shell ground all the way between the Brdcke and
Kurdd shell deposits. A connection between the shell-banks was

also witnessed by Brdgger (1900--1901, p. 313). In patches along



Grey clay,
somewhat muddy

Grey clay,
somewhat silty

Grey clay,
sulphurous

Clayey shell
layers and clay

Sandy shell layers

Shell-bearing greyish
clay

Clayey silt
Sand and gravel

Total thickness to
bedrock 13 18 13

Fig. 17. Thickness in m of recorded strata in the drilling holes
a—n in the Bracke—Kurdd vicinity, Fig. 8. Figures shown are
approxi-mate. Exact limitations of some strata are difficult to
establish. The uppermost part of the top clay may be of a
postglacial origin, while the main part of the grey clay sequence
is assumed as a Viarmland clay. The shell-bearing greyish clay is
a Skagerrak clay.

the hillsides, signs of shellbeds below a top layer of sandy
sediments were still seen in the beginning of the 1970's. The
original surface dipped to the south by southeast, i.e. away from
the bedrock hill. The ground surface level of these deposits lay
slightly above 50 m above sea level. It is not clear what dimen-
sions these deposits had. About half way between the Brécke and
Kurdd deposits there is a valley in the bedrock, orientated
northwest—southeast. There may have been a shell-bank around its
mouth, and the distal parts of the deposit may have reached the
distal parts of the Kurdd shell-bank in the northeast and the

Brdcke shell-bank in the southwest.




North and northwest of the Kurdd shell-bank the surface of the

small basins consists of sandy, shell-bearing sediments. The

stratigraphy of these small deposits is unknown.

Summary. Like the shell-banks, embedded shell-beds in clay occur

in patches. A volume of about 10 000 cubic metre is estimated.

Localities 5—7. BAsperdd, 1 km south of Brédcke shell-bank. Three

small deposits are recorded on the west side of a fairly large

bedrock hill in the centre of the B&vedn valley, Fig. 5.

Locality 5, 1300 m east of Uddevalla church, is an untouched
shell deposit between a steep bedrock wall and a small bedrock
hill. The surface of the deposit lies 33 m above sea level, which
is about 3 m lower than the top of the hill. Below a cover of
about 0.5 m of sand, shells and shell fragments have been ob-
served at a minor digging. The thickness and distribution is un-

known. The depth of the bedrock is assumed to be a few metres.

Locality 6 1is situated 300 m SSE of locality 5 in the inner-
most part of a narrow valley orientated north-south, which is
bordered by a low-lying bedrock area to the west and a major be-
drock hill to the east. The deposit is totally exploited and the
few remaining signs of it in 1973 will soon begone since this
part of the wvalley is being used as a garden refuse heap. It
seems that the shell layers were argillaceous. The maximum thick-
ness was a few metres. Undoubtedly, the C unit consisted of
glacial clay. The original ground surface of the shell deposit

lay some 48 m above sea level.

The third deposit, locality 7, is situated 400 m southeast of
locality 5 in a small valley orientated north—south. The shell-
bank is found in the upper part of the valley 56 m above sea
level. It consists of half a metre of silty sand, A unit, cover-
ing a shell-bed mainly of shell fragments mixed with pebbles. and
gravel. The depth to bedrock was at most a few metres. Shells of
Mytilus and Hiatelfa dominate. Side plates of Balanus hammeni oc-

cur. Some other shells and shell fragments are identified as
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Buccinum sp., Macoma calcarea, Mya truncata, and Trophon clathra-
tus. More than half the deposit has been removed.
Shells of Hiatella have been radiocarbon determined.

The volume of the three deposits together is assumed to have

been approximately 5 000 cubic metres.

Central shell-banks, localities 8—15

The central shell-banks, localities 8—15, are grouped in and
around the north—south orientated Sk&leryr valley, which in the
south is crossed by the B&ivedn river with a water surface slight-
ly above 45 m above sea level. To the west the valley is bordered
by a bedrock plateau rising above 100 m, and to the east by a
hilly area transected by four valleys, of which the southernmost
is occupied by the B&vedn river. The highest-situated transverse
valley is the northernmost one, slightly above than 60 m above
sea level about 10 m higher than the two central transverse val-
leys. The hilly area rises above 75 m but does not exceed 100 m
above sea level.

The location of the valley is shown in Fig. 5 and the location
of the shell-banks in Fig. 18. The place names used below refer

to the geological map V@nersborg NO (Fredén 1974).

Locality 8. About 500 m southeast of Skdleryr, a shell-bank is
found 58—63 m above sea level on the south side of a small hill
area of bedrock reaching about 70 m above sea level. The maximum
thickness of the shell-bank has been about three metres. Close to
the bedrock there was about half a metre of wave-washed sand on
top of the shell-bed. The shell layers in the shell-bed are mixed
with particles and layers of sand and gravel. In the distal part
the shell-bed rests upon glacial clay.

The dominating shells are of Hiatella arctica uddevallensis
and Mytilus edulis and side-plates (10 cm in height) of Balanus
hammeri{. Less common are the shells of Hiatella arctica. Few
shells of Buccinum undatum, Natica clausa, Trophon clathratus,
Astante borealis, and Macoma calcarea have been observed.

The volume was about 3 000 cubic metres, but less than 10 per

cent of this exist today.




Fig.
its surroundings. Bedrock outcrop according to the Quaternary map
sheet Vanersborg NO (Fredén 1974). Numbers refer to descriptions
in text. Observation of shell-bearing sediment is marked by +.
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Location of shell deposits in the Sk&leryr valley and




Locality 9. BAbout 700 m SSE of Skdleryr a minor road crosses a
shell deposit. There are no cuts. Judging from what can be seen
in the ditches and cultivated fields, the shell layers are mixed
with sand and gravel. The deposit is probably underlain by bed-
rock and the thickness is assumed to be a few metres. The highest
ground surface lies almost 60 m above sea level.

In addition to the fauna at locality 8, shells of Nepfunea

despecta zoanata, Trophon truncatus, Chlamys islandica and Mya

tnuncata were observed superficially.

The volume is wunknown but is estimated not to exceed 5 000
cubic metres.

Thick shells of Hiatella were used for radiocarbon age deter-

minations.

Shells from localities 8 and 9 are found at the bottom of the
nearby rivulet.

During a weight sounding in the clay fields southwest of
locality 9 (between N&thult and Bitarehagen) an indurated layer
was recorded at a depth of 12.5 m. Further down to a depth of 20
m (bedrock), layers of variable resistance were noted. When the
sounding poles were drawn up artesian water brought to the sur-
face abundant shell fragments of H{atelfa and Balanws, as well as

particles of sand and gravel.

Locality 10. About 400 m southwest of Graskdrr there has been a

shell-bank in a narrow valley on the southeast side of the bed-
rock plateau, which extends to about 90 m above sea level north
of the locality. The highest ground surface of the deposit lay 67
m above sea level. The deposit is totally exploited and over-
grown. On the sides of the valley silty layers with small shell
fragments are visible.

An original volume of about 5000 cubic metres is estimated.

About 150 m ESE of the locality a drilling in the flat valley
floor showed following stratigraphy:

Grey clay, somewhat silty

Grey clay, sulphurous
Shell-bearing clay

Clayey shell layers

Shell layers with sand and gravel

Sand and gravel underlain by bedrock.
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The drilling and sampling techniques make it difficult to
distinguish properly between shell-bearing clay and clayey shell
layers.

The volume of the buried shell-bed is estimated to be at least
5 000 cubic metres.

The same stratigraphy should prevail in the clay basin further
to the south. In the valley, between localities 10 and 12 about 3
m of clayey shell layers are overlain by 8 m of clay. In the
northern part of the clay basin to the east, sandy shell layers

are found below 2 m of silty clay.

Locality 11. About one kilometre NNW of Grordd a small shell-

bank 1is located on a flat bedrock ridge across a small valley
between an even plateau 55—60 m above sea level to the west and
a hilly area in the east, which has a maximum altitude of about
75 m above sea level. The lowest part of the ridge, at 52 m above
sea level, serves as watershed boundary between the river of
Bdvedn in the south and the outlet of Lake St.Kdperddssjdn in the
north. The minerological particles within the shell layers were
fine grained, silt and clay seem to have been characteristic
components. In the shallow and overgrown cuts shells of Hiatella
and side-plates of Bafanus can be seen.

The original volume was less than 2 000 cubic metres. Most of
the shell-bank has been exploited.

About 100 m southwest of the locality 5 m of sandy shell

layers are coverd by 2 m of silty clay.

12. Bijdrbdck. Along the bedrock side west of Bjdrbdck the over-

grown remains of a shell-bank can be seen, Fig. 19. At the shell-
bank there 1is a crevice, a few metres wide and deep, in the
bedrock side. The thickness of the deposit close to the bedrock
has been 5—8 m. Judging from what was visible in 1976, shells of
Hiatella and side-plates of Balanus hammeri dominated the de-
posit.

Southwest of the shell-bank a shell-bed of about 5 m is found
below 5 m of clay and alluvial sediments.

At the mouth of the Skdleryr rivulet and eastwards the se-
quence consists of clay intrabedded silty 1layers, which are
partly shell-bearing.

A total volume of 10 000 cubic metres is estimated. Less than

10 per cent of the shell-bank remain.



Fig. 19. The proximal part of the Bjorbdck shell-bank, locality
12. The minor road runs in a small fissure valley, in which the
highest-situated part of the shell-bank is found. View towards
the north. — Photo CF 1976-03-30.

Fig. 20. View of the Ramsertd shell-bank eastwards, locality 13.
A bedrock ridge is visible to the left. A mill used to operate by
the trees in the foreground. The section in Fig. 21 is situated
behind the tree in the centre of the picture. -- Photo CF 1976-
03-30.




Fig. 21. The east—west wall in the Ramserdd cut, vies to the
north, cf. Fig. 20. The dark-coloured areas to the left reflect
clay layers, which consolidate the shell-bed. Clay layers are
also found to the right, but to a dry spell they are light in co-
lour. The layers dip away from the bedrock outcrop, which is
situated about 20 m to the right of the picture. The sandy top of
the right-hand layer is destroyed; to the left the shell-bed is
overlain by V&rmland clay. Roman numerals show position of shell
samples taken for radiocarbon age determinations. The industrial
mining has ceased. — Photo CF 1971-10-13.

13. Ramserdd. South of the river Bdvedn and opposite the Skdle-

ryr valley two separate shell-banks have been deposited along the
east side of a valley orientated north—south, Fig. 18.

Formerly, a mill quarried the deposits. When the northern
shell-bank was emptied the mill moved to the southern one.

The northern shell-bank was situated west of the property
Ramserdd. Today the area is cultivated. The shell-bed had a
thickness of 4—5 m; it was underlain by glaciofluvial sand and
gravel and overlain by Skagerrak clay, less than one metre thick.
According to local residents, the removed material had a sandy
character with high frequency of shells.

In the southern, narrow part of the valley, shells are found
in the area where an east-—westerly fissure cuts the bedrock

slope on the east side.



Originally the shell-bank may have blocked the valley to some
extent, Fig. 20. On the end of the bedrock ridge west of the
rivulet sandy shell layers are found.

The main part of the shell-bank was situated on the east side,
and through the gorge embedded shell layers can be followed
around the southern part of the elongated bedrock hill with a
peak 66 m above sea level. In the gorge and east of it sandy
shell layers are overlain by sand and gravel.

A cut in the remains of the shell-bank, see Fig. 21, shows
that the shell-bed is composed by clay layers, 1—20 cm thick,
and clayey shell layers dominated by shell fragments. The central
and sandy parts of the shell-bed have been removed. The original
shell-bank surface lay 57 m above sea level and the maximum
thickness is estimated to have been 8 m.

Subfossil parts of a grey seal Halichoerus grnypus, have been
recorded in the deposit (J&gerskiold 1933, p. 9). A skeletal part
of a juvenile specimen was found in the pit in 1978. These finds
represent two individuals of grey seal (Lepiksaar, personal com-
munication).

Roughly estimated, 25 000 cubic metres have been exploited.
About 2000 cubic metres are supposed to remain.

For radiocarbon measurements shells of Hiatella were collected

in three limited areas in the vertical cut wall, see Fig. 21.

14. Grordd. At the foot of a sandy slope shells were visible in

a small cut. The shell layers were covered by at least 0.5 m of
sand and were, in the patch , underlain by bedrock. At the cut,
shells of Hiatelfa and side-plates of Balanus hammeri dominate.
Extension and volume are unknown; less than 2000 cubic metres
is probable. The deposit may be characterized as a transitional

form between shell-bank and embedded shell-bed.

Locality 15. About 500 m southwest of Grordd, 2—4 m deep and

overgrown pits on the east bank of a stream indicate earlier
mining. Sandy shell layers are underlain by silt and sand at the
stream. In the upper part of the shell-bed the shell layers are
clayey. Eastwards the shell-bed is covered by clay. Probably, the
proximal pprt of the shell-bank was deposited upon the flat bed-
rock surface 55—60 m above sea level in the north. The level of

the buried bedrock southwards is unknown.
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As usual, shells of Hiatella arctica, especially the variety
uddevallensis, and side-plates of Balanus hammeri dominate. Other
species found in the pit are: Buccinum sp., Trophon truncatus,
Chlamys islandica, Mya truncata uddevallensis and Mytilus edulis.

The original volume did not exceed 5 000 cubic metres.

Unfortunately, the deposit is not shown on the Quaternary map

Vanersborg NO due to a technical mishap.

Eastern shell-banks, localities 16—23

On the eastern shell-banks, localities 16—23, five are located
around the southern part of a relatively wide north-south valley
where the river B&vedn bends perpendicularly and runs westward
through a narrow and steep-sided passage in a hilly area. The
three other shell-banks are located in a north-south valley in
the bedrock area east of B&avean valley, Fig. 5.

Place-names used refer to the geoclogical map V&nersborg NO

(Fredén 1974).

16. Stdmmen. 65—70 m above sea level a shell-bank occurs nearly
crossing a north—south valley at St&mmen. The shape is like a
ridge-formed fan with its tip connected to a glaciofluvial de-
posit to the east. The western part, i.e. at the rivulet, is
underlain by 3—4 m of glacial clay resting upon glaciofluvial
sand and gravel.

A small cut in the western part shows an A unit of 0.5—1.0m
of gravelly sand. The shell-bed, B-unit, is composed of 5—10 cm
thick layers of shells, sand, gravel, and pebbles. The shells are
frequently imbricated. The minerogenic content is high and the
grain size comparatively coarse. The maximum thickness in the
western part is estimated at about 4 m.

A distinctive trait in the cut is the great number of unbroken
shells. Often they are large and thick. Dominating species are,
as usual, Balanus hammerni, Hiatella arctica uddevallensis, and
Mytilus edulis (large fragments). Fairly common are shells of
Astante borealis, Mya truncata, and Trophon truncatus. Few shells
are found of Bucclnum undatum, Bucclnum groenfandicum, Astarte
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Fig. 22. Morphological features of the shell-bank at locality 17.
Small bedrock outcrops are seen in the wooded area. No shells
were visible in the ditch in front of the small pit, which lies
at the apex of the deposit. View towards the east. — Photo CF
1975,

elliptica, Chlamys «slandica (large fragments, diam. 9—10 cm),
Macoma calcarea, and Mya truncata uddevallensis, as well as side-
plates of Balanus crenatus.

In the cut, pebbles of flint — ice-dropped from floating sea
ice comings from southwest or south — are observed.

of the original volume of about 2 000 cubic metres less than
25 per cent have been removed.

One sample has been radiocarbon age determined.

Iocality 17, In the valley 200 m west of Sk&ldalen lies a tri-
angular-shaped shell-bank with the base towards the hillside in
the east and the apex at a gently rounded ridge in the west, Fig.
22.

The surface of the shell-bank lies almost 52 m above sea
level. One small pit occurs. The thickness of the shell-bank is
estimated at a few metres in the central area.

The sand cover is moderately thin, 0.2—0.3 m. The shell
layers are clayey. A characteristic feature of the fauna is an
abundance of large fragments of Mytilus edulis.

The original volume is estimated at about 2 000 cubic metres.

More than 75 per cent are left.




Fig. 23. Partly overgrown remains of the shell-bank SSE of Sk&l-
dalen, locality 18. The original surface is seen in front of the
gentle bedrock slope to the right. Bedrock outcrop is also seen
in the pit at the talus slope. View towards the north. — Photo
CFE 1975-=02-24.

Locality 18. About 500 m SSE of Sk&ldalen a shell-bank has been

deposited on flat bedrock ground south of a bedrock hill which
has its peak about 85 m above sea level, see Fig. 23. The surface
of the deposit lies about 67 m above sea level close to the bed-
rock hill. The mostly overgrown pits suggests that the maximum
thickness was a few metres. The shell-bed is overlain by silty
sand, and the shell layers in the shell-bed are characterized by
shell fragments mixed with sand and silt. North of the deposit
glacial clay is found. The peat-covered basin south of the shell-
bank is drained into Sk&ldalen, locality 19.

The faunal composition, as recorded by visible shells in the
pits, 1is somewhat different from the prevalent fauna in other
deposits; cf. locality 16,which was deposited at about the same
altitude. Shells of Hiatella arctica (4—6 cm in height) and
side-plates of Balanus hammeni (5—7 cm in height, 3—4 cm in
width) dominate. Very few shells of Hiatella arctica uddevallen-
445 occur. Other identified shells are referable to Balanus
crenatus, Buccinum undatum, Natica clausa, Trophon truncatus,
Macoma calcarea, and Mytilus edulis.

An original volume of about 5 000 cubic metres is estimated.

About 25 per cent are left.



- 48 -

Shells of Hiatella arctica were collected for radiocarbon age

determination.

19. Skdldalen (translated as "valley of shells"). Two deposits,

underlain by glacial clay, have been accumulated in the short and
narrow valley running into the transverse Bivedn valley. The dis-
tance between the two shell-banks is about 200 m.

The southern shell-bank is the main one, and it is almost
totally tapped. It had a flat upper surface, 64 m above sea level
along the east bedrock side in the southern, precipitous part of
the valley. There are no signs of shell layers on the west bed-
rock valleyside. The shell-bank 1lies north of a bedrock hill
extending above 85 m above sea level on the south side of which
locality 18 is situated.

On top there was about 0.5 m of sand at the hillside. Pebbles
of flint are observed in the uppermost part. There are no signs
of clay or clayey layers. Most of the former extension of the
shell-bank is covered by forest and bushes. The total thickness
is estimated to have been about 8 m.

Shells of Hiatella and side-plates of Bafanus hammeri seem to
have dominated the faunal composition.

At least 30 000 cubic metres have been removed. Only a few per
cent of the deposit remain.

A triangular-shaped shell-bank is situated in the northern
part of the valley. The base line lies along the east bedrock
valleyside. The surface lies about 53 m above sea level and the
thickness is estimated to be 2—3 metres. The western part of the
flat shell-bank is a smooth rounded ridge which may originally
have crossed the valley. A rivulet (draining locality 18) and a
minor road from the formerly large shell-bank in the southern
part run along the west side of the valley.

In a small pit on top of the ridge a relatively large number

of gastropods can be seen in the clayey shell layers. Dominating

species are Buccinum undatum and Natica clausa. Shells of Trophon
trwncatus and of Nassa nreticulata are also found. Shells of
Hiatella and Mytilus fragments occur abundantly while side-plates
of Balanus are subordinate (mainly B. crenatus).

A volume of about 2 000 cubic metres is estimated.

For radiocarbon measurement shell of Buccinum undatum were

collected in the pit.




Fig. 24. View towards the northwest of the enormous Alje shell
deposit, 1locality 20. Along the facing bedrock sides of the
centre hill there are signs of sheil-banks. The two large lakes
are water filled mine excavations. The foreground lake is connec-
ted with B&vedn river by a canal. At the bend of the minor road
ruins of the kiln can be seen. The road runs north where formerly
pipes for blown-out waste were situtaed. — Photo CF 1976-03-30.

20. Alje. Large-scale mining of shells has taken place in the
area where the river B&vedn bends from a north--south to an east-
-west direction, see Fig. 24. Along the bedrock hillsides north
and east of the river, shell-banks have been deposited up to
about 55 m above sea level judging by the small remains which can
still be seen. In the valley itself, shell layers of a thickness
of slightly more than 20 m are recorded from drillings. The
shell-bed is covered by 5—6 m of alluvial sediments and under-
lain by glacial clay of Skagerrak type.

The landscape has been influenced by the minimg. When the mi-
ning started in the 1930's, the shell-banks at the hillsides of
Bdvedn river and in the inner part of the valley at Sk&ldalen
(locality 19) were quarried. Obviously clay deposits were avo-
ided. After some time the surficial deposits were exhausted and
mining below water surface started. The water level of B&#vedn was
lowered and the shallow lake Svalsjén north of Skdldalen became a
fen. As the mining continued a hauling plant and a barge were

used. During the hauling the shells were automatically washed.
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The two lakes at the river bend commemorate the shell-mining en-
terprise which ceased finally in 1967.

Two mills and one kiln for lime-works were in operation. One
mill was situated on the north side of the northern lake. In
literature this locality is called "Porsen" after the property on
the bedrock hill 500 m NNW of Alje. In 1973 the ruins of the
other mill, the kiln and the barge were still to be seen at the
end of the minor road west of the river bend. During mining
operation rock fragments accompanied by small shell fragments
were blown through pipes to the fen area northwest of the nort-
hern lake.

In the "refuse material" around the ruins, the observed shells
are very large; for instance, shells of Chlamys {sfandica measure
slightly more than 10 cm and Buccinum undatum 9—10 cm in height.

A subfossil skeletal part of a grey seal, Halchoerus grypus is
recorded from Porsen.

With a mean thickness of 10 m of the shell-bed across the val-
ley, approximately 400 000 cubic metres have been quarried below
water surface. Considering the large-scale mining this figure
seems plausible. Including the remains below surface, which occur
in the lowlands west of the southern lake, and an estimation of
the removed volumes along the hillsides, a total volume of about

500 000 cubic metres is calculated for the Llje area.

Locality 21. The northernmost known shell-bank in the Uddevalla
region lies in the northeast corner of a small transverse valley
at Tangelsrdd, east of the fairly wide north--south-orientated
Bidvedn river valley. To the east and south the T&ngelsr&d valley
is bordered by bare bedrock hills, about 80 m above sea level.

The stratigraphy and morphology of this former shell-bank are
almost unknown. The overgrown remains show that a sandy shell-bed
lay in an east—west direction on a flat bedrock surface. The
original surface of the shell-bank is estimated to have lain
about 60 m above sea level, and the thickness is assumed to have
been a few metres. A small pool south of the minor road reminds
us of a former subsurface mining. The distal shell layers, vis-
ible at 1low water in the pool, are clayey and overlain by clay.
In the shell-bank area shells of H{atella and fragments of
Mytilus edulis are common.




Fig. 25. Cut in the distal part of the shell-bank at Skogen,
locality 23. Laminated silt and sand layers, a sub-unit, and
shell-bearing layers, a sub-unit, discordantly covers a sandy
shell-bed. Shell fragments dominate this part of the deposit. The
spade is one m long. — Photo CF 1971-09-28.

The volume of the deposit was probably less than 5 000 cubic

metres.

Localiby =220 About 70 m above sea level an almost totally ex-

ploited shell-bank exists on and southwest of a flat bedrock
hill, about 800 m NNW of Fridhemn. The locality is situated in an
about 200 m wide, flat, north—south-orientated valley within a
bedrock plateau with peaks at about 90 m above sea level.

Original stratigraphy is unknown. The remains show an abundan-
ce of gravel, sand and silt. According to Sidenbladh (1870, pp.
86-—87) the maximum thickness was 10 feet. Dominating species
among the visible shells are Bafanus hammeri (10—12 cm in
height), H{atefla arctica uddevallensis. Shell fragments of
Mytilus edulis are common. Shells of the following species can
also be found: Littorina saxatidis, Natica clausa, Trophon
twncatus,  Astante  bornealis, Astante elliptica, Chlamys
slandica, Macoma balthica, and Mya truncata.

Small shell deposits also occur in the vicinity.



Fig. 26. Schematic explanation of the terms used in Fig. 27. In
several cases C is determined by a closely situated peak of a
hill or by a flat bedrock surface over a relatively long distance
(50 m or more). On slopes, C is calculated according to the
gradient of the slope and the assumed original extension (broken
line) upwards of the shell layers.

The original volume is estimated to have been 5 000 cubic
metres. Only a few per cent are left.
Thick shells of H{atella were collected for radiocarbon

determination.

23. Skogen. Remains of the easternmost known shell-bank are
situated about 300 m ESE of Skogen. The shell-bank occupies the
southern part of a small north—south valley. In the south the
shell-bank is connected to a moderately flat bedrock surface. The
original surface, 65 m above sea level has to a great extent been
destroyed by many excavation pits. According to Sidenbladh (1870,
p. 86) the thickness was at least 10 feet. The stratigraphy of
the distal (northern) A unit can be seen in Fig. 25. A characte-

ristic of the visible distal part is the high frequency of small

shell fragments. Shells of Hiatella, Macoma calcarea, Mya trunca-
ta, Mytilus eduflis, and side-plates of Balanus hammeri occur.

Most of the shell-bank remains are wooded.




27. Data for all the shell-banks in the Uddevalla area.
Top surface, m above sea level
Maximum known thickness, m

Highest approx. habitat level, m above sea level
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A B
16 7
26 5
a5 15
58 13
63 10
33 3s
40 3s
56 3
63 3
60 3s
67 Ss
54 2
45 8
57 8
5 2s
<7 3
68 4
52 3s
67 3
64 8s
53 3s
55 20
60s 3s
70s 3
65 3

Locality
1. Kapellbacken
2. Samnerdd
3. Bréacke
4. Kurdéd
Vicinity
deposits
5. HLsperdd
6. Lsperdd
7. Bsperdd
8. SE Skédleryr
9. SSE Skdleryr
10. SW Graskarr
11. NNW Grordd
12. BijGrbdck
13. Ramserdd
14. Grordd
15. « SW Grordd
16. St&mmen
17. W Sk&ldalen
18. SSE Skédldalen
19. Skdldalen
20.7 Alje
21. Té&ngelsrod
22. Fridhem
23. Skogen
Fig.
A=
B =
C. =
D = Maximum amplitude, m
For
E = Estimated volume,

supposed figure

1000 cubic m

24
31
100s
70
80

36
50s
75s

70
65
85s
60
55
66
60
60

758
60s
75s
85
60
70
65
715
70

explanation of A,B,C and D, see Fig. 26

D E
100
15
10
40s 160
25 100
277 7,
6s 1
13s 2
22s 2
450
10 3
8 3s
23 10s
8 2
18 10
19 21
10s 2s
6 5
62
1l1ls 2
1l1ls 2s
11s 5
29s 30
1lls 2s
35 500
8 2s
8s 5
8 10
558
Total 1070



Less than 10 per cent of an estimated original volume of
10 000 cubic metres remain. Perhaps more can be found along the

bedrock ridge under the sand layers to the east.

Summary of shell-banks. The 23 shell-banks described are

summarized in Fig. 27. The shell-banks are divided, according to
geographical location, into three groups.

Localities 1—7 are found in the western part of B&dvean val-
ley, where the valley widens and runs into Byfjorden. In this
area four large shell-banks have been recorded. One of them,
Kapellbacken, consists of several deposits and is situated south-
west of the Bave&n valley in a tributary valley extending north-
ward to Byfjorden. The other three are situated on the north side
of the B&vedn valley. Thus all four are located away from the
deepest parts of the Bdveén valley. Furthermore, they are situ-
ated where the morphology gradually slopes toward Bvfjorden. The
shell deposits in the western area are estimated to have had a
combined volume of slightly more than 450 000 cubic metres; less
than 10 per cent remain.

The second group of shell-banks, loaclities 8—15, is associ-
ated with the north—south Skdleryr valley, perpendicular to
Bdved&n valley. These deposits too are situated away from the
central part of the B&vedn valley. The volume of shell deposits
is estimated to have been about 67 000 cubic metres; roughly 25
per cent are left.

The third group of shell-banks, localities 16—23, is situated
east of the narrowest part of the B&veadn valley, where the river
runs in a gorge through the hilly area which borders the Skdleryr
valley. Most of the shell-banks are found close to the B&veén
valley, which has a north—south orientation east of the gorge.

Three of the deposits are found at the sides of a north—south

valley in a hilly bedrock area east of B&vedn river. This hill

area forces the drainage pattern in the east—west-orientated
valley between V&nersborg and Uddevalla to make a semicircular
detour to the north. The largest shell deposit in the whole area
is found east of the gorge of the Bivedn valley. The estimated
volume, about 500 000 cubic metres, represents almost half the
total volume in the whole area. Of the combined volume of the
eastern deposits, almost 560 000 cubic metres, probably less than

10 per cent remain.




As to the distribution pattern, the shells have not been

transported or spread over large areas; they are associated
locally with the bedrock valley sides where the deposit is found.
Most of the shell deposits are located at fissures along bedrock
valley sides. The horizontal distance from an assemblage habitat
to the most proximal part of a shell deposit seems to be about 50
m at most. In Fig. 26 some terms are schematically indicated;
they are used in Fig. 27 for calculations of the data given for
all shell-banks. Even if estimations are always awkward, there
seems to be a connection between volume and amplitude. Shell
deposits of a volume of more than 25 000 cubic metres have an
amplitude between finding level and maximum living level of more
than 20 m. The greatest amplitude is positively correlated to the
largest volume.

The three easternmost shell deposits seem to be almost autoch-
tonous. The morphological relief within relevant areas is less
than 8 m.

Most of the deposits are underlain by glacial clay. The mean
value of the top surface (except the Kapellbacken deposits) is
approximately 60 m above sea level; nine shell-banks are found
between 55 and 65 m above sea level.

Mollusc habitats of at least 19 of the shell-banks have exis-
ted between 65 and 85 m above sea level.

Judging by stratigraphical features most of the shells had
been deposited before the final morphological shape of the shell-

banks was created by littoral processes.

Shell-bearing sand and clay

Observations of mollusc shells of special interest are described
in this chapter, which 1is divided into two parts, one for the
Uddevalla—Vanersborg valley and surroundings, Fig. 5, and one
for the valley south of Kroppefj&ll, Fig. 29.

Observations of shells have been made accidentally in cuts
such as cleared-out ditches, foundation-layings, etc. Most of the
shell layers are 10—20 cm thick and have a visible extension of

a few metres. Usually the shell layers are silty -- sandy and
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occur embedded in clay. Shell fragments dominate, and only speci-
es with thick shells can be identified properly. Obviously the

number of species is underrepresented in these limited exposures.

Uddevalla—V&anersborg area, localities 24—33

As far as possible old observations are marked on Fig. 5. All
deposits shown by Olbers (1862) could not be transferred to the
new map due to errors on the old map compared with a modern one.
Only a few of the shell-bearing sediments shown on the geological
maps concerned (Sidenbladh 1870; Lindstrdm 1887, 1902) are de-
scribed in the relevant texts. According to the field logbooks of
the mapping geologists, the following species have been identif-
ied in shell-bearing sand and clay: Buccinum undatum, Fusus
tuntond, Natica clLausa, Scalarnla sp., Astante sulcata, Astarte
sp., Mya twuncata, Mytilus edulis, Pecten isfandicus, Saxicava
nugosa, Tellina calecarea and Balanus sp. This faunal composition
shows no features aberrant from the subsequent descriptions.

Locality numbers refer to Fig. 5.

24. Kasen. When Brdgger (1900-~1901, pp. 323—324) paid a visit
to the Uddevalla shell-banks he also examined a small cut west of
Uddevalla, close to the clay-pit of the former Kasen brickyard
(about 650 m WNW of Uddevalla railway station, map sheet Vaners-
borg NV 5e). The locality is situated 5—10 m above sea level in
the southern part of a small valley running into Byfjorden.
According to Brdgger, the stratigraphy and faunal composition

was as follows:

@ — 0.5 m Sand
0.5 - 2.75 m Greyish clay
2.75 =— 2.85 m A layer of shells
2.85 = 3.35 m Sandy clay with a few shells
3.35 =- 4.35 m Bluish clay with several sandy shell layers

and individual shells which occurred in the

clay continuing downwards
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In the bottom part of the visible clay shells of Sax{cava
arnctica, Saxicava arctica uddevallensis, Macoma calcarea (42 mm),
and Leda pernula were identified. Shell fragments of Mytilus
edulis were also common. These species occurred in the shell
layers together with shells of:

Mytilus modiofus, fairly common

Pecten islandicus, one valve

Astante borealis, rare

Astante elliptica, common, even united shells

Astante compressa, rare

Anomia ephippium, common

Leptea coeca, some small specimens

Buccinum SP.., common, probably a transitional form of

B.grnoenfandicum and B.undatum.

Natica agpinis, fairly common

Brégger characterized the fauna as a typical boreo—arctic
one. His remark about Buccinum sp. is interesting; see the de-

cription of Buccinum species.

25. Marieberg (situated 1 km NNW of Uddevalla church, map sheet

Vanersborg NV 5e). During the construction of the railway to
Vanersborg, the following stratigraphy was recorded north of a

bedrock hill (after Erdmann 1868, p. 155):

0 — 0.5 m Sand

0.5 — 2.15m Sandy clay, varved, distinctly laminated
2.15 — 3.80 m Dark grey clay, (varved).

3.80 — 5.15 m Black-coloured clay with shells

5.15 — 6.30 m Shell-bed underlain by bedrock

In the shell-bearing clay shells of Natica clausa, Trophon
clathratus majon, Astante arctica, Leda pernula, Tellina proxima,
Yoldia arnctica, Yoldia pygmaea gLbbosa and others were ident-
ified.

The shell-bed was said to have a composition similar to the
Kapellbacken shell-banks.

In the dark-grey clay, subfossil skeletal parts of a red deer,
Cervus elaphus, a fox, Vulpes vulpes, a bottle-nosed whale,
Hyperoodon ampullatus, were found (op.cit. pp. 156--157).



The stratigraphy is somewhat confusing (cf. Brdgger 1900—
1901, pp. 320—321, footnote 2). Judging by the faunal compo-
sition and the known stratigraphy in the area, there is no doubt
that the black-coloured clay is older than the shell-bed. The
stated varvity is apparently non-annual. The most probable expla-
nation is that the clay unit has slipped over the shell-bed in a

landslide.

26. Hultekdrr. In a ditch in the centre of a northeast——south-

west-orientated valley, about 650 m NNE of Hultekdrr, a 10 cm
thick shell layer was observed during the surveying. The valley
is situated in a vast and fairly flat bedrock plateau between 100
and 125 m above sea level. The valley floor lies about 110 m
above sea level. The shell layer was found in clay at a depth of
0.9 m. The clay was overlain by 20 cm of fen peat.

Besides shells and shell fragments of Hiatella arctica, Hia-
tella anctica uddevallensis, and Mytilus edulis, some small
shells of Macoma baltica were recorded. According to the geologi-
cal map sheet Uddevalla (Lindstrém 1902), shells have been found
at S&gmon, 2.5 km northwest of Hultekdrr. The locality lies 125 m
above sea level in a relatively flat area of bedrock. In the
vicinity of Uddevalla this is the highest-situated locality of
shells. No information is given in the map description and check-

ups in the area has been unsuccessful.

Locality 27. 1In a ditch about 650 m southwest of lake Bjursjdn a
5 cm thick sandy shell layer was observed in clay at a depth of
0.7 m below the ground surface, which lies about 80 m above sea
level. The uppermost 0.4 m consist of fen peat. Shell fragments
of Mytilus edulis dominate, Hiatella shells are common, and a few

shells of Trophon truncatus and Macoma calcarea occur.

The locality is situated in a narrow and moderately steep-
sided valley in which ran the former narrow-gauge railway to
Bengtsfors. The valley borders on a military area to the east.
These two circumstances imply a warning that shells found surfi-

cially in the valley may be transported by man.




Fig. 28. Location of the shell deposit south of Rahagen, locality
28. Only about one cubic metre of mostly sand remains on the bed-
rock. View towards the small tributary valley to the northeast. -
-—~Photo CF 1975-02-24.

28. Rahagen. At the southern end of a gently sloping bedrock, a

small deposit accumulated where a minor valley from the northeast
joins the narrow, north-——south valley between Rahagen and Samne-
rdd, locality 2. The latter is situated about 500 m southwards.
The height is about 95 m above sea level.

In 1968 sandy shell layers, 0.3—0.5 m thick, occurred close
to the bedrock. During a visit in 1972 only small remains were
visible, Fig. 28. The shell layers had originally been covered by
0.5 m sand and were also underlain by sand. About 30 m south-
wards, glacial clay is found in the valley.

Shells of Hiatella and Mya truncata dominated the deposit.
Very few fragments of Mytilus edulis and Balanus hammeri were
visible.

Shell samples have been radiocarbon age determined.

Locality 29. About 700 m SSW of Grordd, locality 14, Fig. 18, a
0.5 m thick shell-bed is found below 2.5 m of sand on the east

side of a minor road. The locality is situated in the upper part



of a narrow passage in a bedrock ridge. The bedrock ridge about
75 m above sea level separates a sand field in the north about 55
m above sea level and a small sand accumulation 70 m above sea
level in the south. The minor road is cut down almost to bedrock.
At the foot of the bedrock ridge an overgrown old cut can be
seen. There are no signs of shells in this cut. In the northern
sand field surficial shells are to be found in patches. They may
be underlain by shell-beds.

The shell-bed consists of stratified shell layers composed of
sand, silt, and small shell fragments.

A shell sample has been radiocarbon age determined.

30. Risan. Several remarkable finds were made along the west

bank of the Risén river during the construction of the railway
bridge on the Uddevalla—Vadnersborg line. The original surface
was about 65 m above sea level, water level is about 55 m above

sea level.

Stratigraphy according to Erdmann (1868, pp. 155—156):
0 =-0.3 mSand

0.3 — 1.9 m Yellow sandy, varved clay

1.9 — 5.7 m Black clay with an abundance of shells.

The stated varves are to be regarded as non-annual structures.

The faunal composition was like that of locality 25, with the
addition of Leda caudata, Leda myalis, Natica groenlandica,
Astante sulcata, and Pecten Lsfandicus. Sidenbladh (1870, p. 87)
claimed that 0s%trea shells had been found in the clay. This bi-
valve makes great demands upon clean water, salinity and tempera-
ture. When the oyster inhabited the west coast in Holocene times,
it 1is doubtful whether these favourable conditions were prevail-
ing in this locality. As no detailed information is given, human
disturbance of the find cannot be ruled out.

Subfossil skeletal parts were recorded at a depth of & m below
surface. Unfortunately, the greater part of them were destroyed.
The remains were determined in the abstract by Kinberg as prob-
ably belonging to a bear and a whale (Erdmann 1868, p. 157).
However, Holst (1902, p. 9) later claimed that the skeletal parts

referable to a bear had been misinterpreted.
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31. Lane Ryr. An area of about 40 square metres of shell layers

in clay was exposed during a foundation laying in September,
1970, about 100 m northwest of the Lane Ryr church. The locality
was situated about 55 m above sea level on the east bank of the
Bavedn river.

In the cross section towards the river there were no signs of
shells or shell fragments. About 50 m east of the foundation bare
bedrock is exposed. The church stands about 70 m above sea level.

Stratigraphy, in cm, in the east cross section:

0 — 100 Alluvial fine sand
100 — 150 Blue-grey Varmland clay
150 — 190 Sandy shell layers, 3—5 cm thick, embedded in
clay. The exposed length of layers was almost 10 m.
The shells were only little eroded
190 — 260 Bluish Skagerrak clay continuing downwards
One shell of Pontlandia arctica was observed

Side-plates of Balanus hammeri, shells and large shell frag-
ments of Hiatella arctica, and Mytilus edulis dominated, but not
to the extent that is usually observed in sections of shell
layers, which on the other hand has a considerably less exposure.
Other identified species were Buccinum groenfandicum, Buccinum
undatum, Astarte borealis, Astarte elliptica, Chlamys islandica,
Hiatella anctica uddevallensis, Macoma calcarea, and Mya thunca-
ta.

32. Futten canal. Several finds of shells and vertebrate skele-

tal parts were made in clay during the 1867—68 construction of
the Futten canal between the lakes of St.Hdstefjorden and O.H&s-
tefjorden. The present water level of the canal lies 62 m above
sea level.

Shells from this locality of Buccinum groenfandicum, Neptunea
despecta, Sipho ALatenicus, Sipho togathus, Trophon clathratus,
and Cyprnina £{sflandica are kept at the Swedish National Museum of
Natural History in Stockholm (Hi3gg 1947, p. 472 and 1952, p.
133

According to Sidenbladh (1870, p. 83) the following subfossil
finds of marine vertebrates were made in the clay from west to

east along the canal:
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Skeletal parts of three almost complete harp seals, Pagophilus
groenlandicus, at a depth of 6.8 m, found in 1867.

A skeleton of a codfish, Gadus morhua, at a depth of 4.5 m.

A skeleton of a harp seal, Pagophilus groenlandicus, at a
depth of 2.4 m found in 1868.

In addition, a vertebra of a bearded seal, Erndignathus barba-
tus, is recorded by Kinberg (1869, pp. 15—16).

In the clayey mud at 0. Hastefjorden, 17 skeletal parts are
recorded of a man, a lynx, an elk, and a swan (Sidenbladh 1870,
p. 83). The finds are of Neolithic age or later.

Skeletal parts of two of the harp seals have been radiocarbon

determined.

33. Mynningsmossen. Shells of Aataite sp. are recorded at a

depth of about 2.5 m at the east side of the bog Mynningsmossen
(Sidenbladh 1870, p. 88). The locality is situated almost 7.5 m
above sea level.

According to the field logbook the shell deposit at Millings-
mossen (the former name) was dominated by shells of Astarte.
Shells of Sax{cava and Telfina and shell fragments of Mytilus and
Balanus were also observed. The shells were found in clay below

peat.

Area south of Kroppefjdll, localities 34-=36

South of Kroppefjdll range of hills a narrow fissure valley runs
almost east—west. The morphological features are shown in Fig.
29

The valley separates a hilly area, which lies above 150 m
above sea level to the north, from a moderately flat bedrock
plateau, 100--125 m above sea level to the south. The highest
part of the valley floor, which also forms the watershed boundary
between the Skagerrak Sea and the Vdnern basin, lies 85—90 m
above sea level in the eastern end of the valley. The highest
shoreline has not been determinéa in the area but is assumed to

lie about 150 m above sea level (Fredén 1974, p. 54).
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Fig. 29. Main morphological features of the northwestern part of
the map sheet Vénersborg NO. The southern end of Kroppefj&ll hill
is situated north of Lake Radanesjdn. East of the lake, the even
lowlands of the Precambrian peneplain can be seen and to the
southwest lies a bedrock plateau with a low relief. The southern
continuation of the map and an explanation of symbols is shown in
Fig. 5. Numbers refer to descriptions in the text.

The fissure valley, occupied by Lake Ellendsjon and other
lakes, runs westwards to Munkedal, where it joins the north—
south valley of the Orekilsdlven river, which debouches into
Saltk&dllefjorden. The western part of the valley lies within the
map sheet Vé&nersborg NV, which has not been surveyed. Shell de-
posits several metres thick are known in the area northeast of
Munkedal (Svedmark 1901, p. 48). They are situated about 65—75 m
above sea level. The famous Dals Ed delta, which forms part of
the Skévde terminal moraine zone, is located in the north part of
the Orekilsdlven valley. It seems that the melt-water discharge
from Dals Ed created more favourable conditions for the mollusc
fauna in the Munkedal vicinity than the restricted water circu-
lation in the east transverse valley. As shell deposits are

known from the present shoreline up to about 125 m above sea



level on the map sheet Vanersborg NV, there are reasons to do
another special paper when the area is surveyed.

In the area around the southern end of Kroppefjdll range of
hills, shell-bearing sediments have been observed on both sides
of the fissure valley and along the perpendicular fault scarp to
the Precambrian peneplain, see Fig. 29. No shell-banks are known.

On the geological map R&danefors (Karlsson & Wahlgvist 1870)
finds of "North sea and arctic molluscs" are indicated in the
vicinity of Lake RAdanesjon. All these localities are situated
below 100 m above sea level and were probably accidental observa-
tions in ditches, etc. Inquires have been made in the area and
then only sporadic finds of shells were known by the residents.

The occurrences of shells described below are of insignificant
extension, but interesting from geological and zoological points
of view. Two of the localities, nos. 34 and 35, have been known
since the surveying in the 1860's.

Place names used refer to the geological map Vanersborg NO

(Fredén 1974).

34. Vassalen. A 15 cm thick shell layer in clay is situated on

the northern bank of the river Flagerdn, about 150 m northeast of
Lake Vassalen. The 1locality 1lies about 100 m above sea level
south of a small bedrock hill. There are no signs of shell layers
in the southern riverbank.

The shell layer is silty and dominated by small shell frag-
ments. Shells of Hiatella arctica, Hiatella arctica uddevallen-
444, and Macoma calcarea were identified. The deposit was spotted
with blue and violet from shell fragments of Mytilus edulis.

35. Hovsijon. About 100 m north of Lake Hovsjdn a similar shell

layer in clay was exposed in a ditch. Besides Mytifus and Hiatel-

La, shells of Modiofa modiofus, Mya truncata, and barnacles were
observed, some of which are kept at the Swedish National Museum
of Natural History in Stockholm (H&gg 1952, p. 132). The locality

is situated almost 100 m above sea level.

36. Stadsdngen. The highest-situated locality known of shells in

the map area of Vdnersborg NO lies east of Stads&dngen in the

broken bedrock morphology of the southern Kroppefjdll hills. The
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highest shoreline in the area is estimated at about 150 m above
sea level (Fredén 1974, p. 54). About 125 m above sea level a 10
cm thick and two metres long shell layer was found in glacial
clay on the east side of a ditch along the main road to Stigen.
The shell layer was situated at the bottom of the ditch, about
1.5 m below surface. The shell layer is underlain by clay, at
least one metre thick.

The shell layer was characterized as silty clay with shell
fragments, gravel and sand particles. Thick shells of Hiatella
arctica and Mya 2truncata uddevallensis were recorded, as were
shell fragments of Balanus crenatus and Mytilus edulis.

Shells of Hiatella were collected for radiocarbon age determi-

nation.

Faunal composition

Knowledge of the faunal composition is based primarily upon in-
vestigations of the four great shell-banks east of Uddevalla,
localities 1-——4. The species described below reflect part of the
animal 1life in the area during the time interval when it served
as an important connection between the basins of the Skagerrak
Sea and Lake Vénern. Species found in shell deposits of solely
Holocene origin in the Uddevalla region are excluded in the list
below, as their occurrence is posterior to the development of the
Véanern basin.

The faunal list is divided in two chapters, invertebrates and

vertebrates.

Invertebrates

The shell deposits at Brdcke, Kurdd and Kapellbacken have been
investigated several times. Faunal lists have been published by
Jeffreys (1863), Thudén (1866), De Geer (1910a), and Odhner
(1927). Before the Samnerdd shell-bank was ruined in 1969 Dr An-
ders Warén had accidentally examined the vertical walls in the

deposit (Figs 13--15). Warén's investigation is very important as
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it was the last one that could be made in the region. The remains
of the great shell-banks do not allow further meaningful examin-
ations. Like the few deposits, still untouched, they are small
and reflect only part of the fauna.

The faunal composition differs from one locality to another
and from layer to layer. Single species may be represented by a
few shells within a limited range. Finds have been made acciden-
tally and species reported from one locality may have been pre-
sent in others. When Nordmann (1906) visited the Kurdd shell-bank
he observed three species not recorded previously or since.
Warén's investigation of the Samnerdd shell-bank increased the
number of identified species by five bivalves and eleven gastro-
pods. Some of the recently recorded species are not hitherto
known from any other place in Sweden. When comparisons are made
with the former lists, allowances must be made for the extent of
the former reference collection and the then established tax-
onomy. Of course, old works require correction in the light of
later advances in knowledge. However, the faunal characteristics
of the four great shell-banks (1—4) are more or less identical.
Our knowledge of the Late Weichselian marine fauna in Sweden is,
to the greater part, based upon the investigations and obser-
vations of these four deposits.

In the old days no distinction was usually made between the
different shell deposits. Shells were ascribed to the "Uddevalla
shell-banks", or the finding-places were mixed-up. During the in-
vestigations of the Kapellbacken deposits, De Geer (1910a, p.
1152) called attention to erroneous locality labelling in the Ud-
devalla museum. At the Swedish National Museum of Natural History
in Stockholm several thick shells of Cyprnina £sfandica, are
labelled Br&cke, Uddevalla. The combination of names is fairly
puzzling, since this bivalve has never been 1listed in any
description of the Br&dcke shell-bank. Brdcke, however, is not an
unusual name.

The frequency of subfossil occurrence is subjective and influ-
enced by the state of the shell-banks during the surveying. These
estimates also reflect the frequency figures given by De Geer,
Odhner and Warén (the latter by personal communication). As men-
tioned above, the association of species differs from place to

place and from layer to layer.




All specimens found in the Samnerdd deposit were identified by
Anders Warén. The information about the species from deposits at
Kapellbacken, Brdcke and Kurdd is from De Geer (1910) and Odhner
(1927) if not otherwise stated. It should be noted that De Geer's

list of identified species from the stated "Kurdd shell-bank" has

been corrected to refer to the Brdcke shell-bank, see above.
During the geological surveying additional species were found in

the distal parts of the shell-banks and in shell-bearing sedi-

ments in the Bdve valley.

In addition to the listed species, Spirnonbis sp. (Polychaeta)
and Hornera sp. (Bayozoa) have been reported by Odhner (1930, p.
503). The land slug Patufa rotundata (renamed Discus rotundatus)
found in the Kapellbacken deposit (Odhner 1927, p. 83) is most
probably recent or sub-recent. In all probability, shells of the
bivalve Astante montagul may be added as the species is fairly

common in the shell deposits around upper Gota River.

Echinodenrmata

Strongylocentrnotus droebachensis

Echinus droenbachensis
Numerous spines have been found in the deposits at Brdcke, Ka-
pellbacken and Kurdd. Ringstrdm (1928, p. 8) reports an abundance

of shells of Echinus at a depth of 8.2 m in the Kurdd shell-bank.

Brnachdiopoda

Dallina septigera
Waldheimia septigera
One shell has been found by Odhner (1927) in the Kurdd deposit.
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Terebratella spitsberngensis DAVIDSON
One shell recorded by Thudén (1866) from a deposit at Kapellbac-

ken.

Polyplacophonra
Amphineura

1schnochiton albus LINNE
Lophyrus albus
Trachydermon albus

Valves have been found in the Kurdd and Samnerdd deposits.

Tonicella maumorea FABRICIUS
Boreochiton maumoreus

One valve found in the Samnerdd deposit.

Gasatrnopoda

Acinusa eschrichtl MOLLER

Acinsa borealis BECK

Scala borealis

Scalarnia borealis

Scalarnia eschrichtsi

Two shells in the Kurdd deposit were identified by Odhner (1927).

Acmaea rubeffa FABRICIUS
Tectura rnubella

A few shells were recorded in the Kurdd and Samnerdd deposits.

Acmaea vinginea MULLER
Tectura vingdinea
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This gastropod has been found in the Kapellbacken deposit, 46 m

above sea level.

Alvania mighelsi STIMPSON
Alvania arenardia MIGHELS & ADAMS
Cingula castanea
Onoba castanea
This gastropod is known from the deposits at Kapellbacken, Kurdd

and Samnerdd.

Amaunopsis islandica GMELIN
The species is fairly rare as a subfossil. It is found in the

Brédcke (Brdgger 1900—1901, p. 315), Kurdd and Samnerdd deposits.

Aporrnhais pespelecand LINNE

During the surveying one specimen was found in a ditch in the
southern part of the Samnerdéd deposits. It is known from the
Kapellbacken deposit at 16 m above sea level (Brogger 1900—1901,
p. 322). The gastropod is frequently found in deposits of Holoce-

ne times.

AAtynis nosacea GOULD

It is rare and only found in the Samnerdd deposit.

Bela kobelti{ VERKRUZEN

Bela virnidufa SARS

One shell is recorded from the Kapellbacken deposits (H&gg 1950,
p. 358).

Bela nugulata TROSCHEL
This gastropod is identified only in the Kurdd and Samnersd

deposits.
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Beringius turtond BEAN

Chrysodomus turntond

Fusus tuntond

Jumala turtond
A few shells of this gastropod were found by Odhner in the Ka-
pellbacken and Kurdd deposits and by Brdgger (p. 315) in the

Brdcke deposit.

Bittium neticulatum DA COSTA
Shells were common in the Kapellbacken deposits at 34 m above sea
level (De Geer 1910a) and 16 m above sea level (Odhner 1927). The

species is common in Holocene shell deposits.

Buccinum canaliculatum HISINGER

One complete shell was found in 1889 in one of the Kapellbacken
deposits. An incomplete specimen was recorded by Hisinger (Hagg
1925) at locality n Tusendalersbacken in Dalsland, west of lake

Vénern.

Buceinum glaciale LINNE
One shell found in the Br&dcke deposit (Brdgger 1900—1S01, p.

314). The identification is questioned by Warén.

Bucelnum groenlandicum CHEMNITZ

Before 1930 this species was the only one listed of Buccinum, De
Geer (1910a, pp. 1166—1167) stated, however, that varieties of
B.undatum were included. Brdgger (1900—1901, p. 314) claimed
that the dominating Buccinum species in the Brédcke shell-bank was

not B.groenfandicum, but a related species.

BucelLnum hydrophanum HANCOCK
Two shells from Kurdd and one from Kapellbacken are known (H&gg

1950, p. 357).




Bucelnum hydrophanum elata

One shell recorded from Kurdd and one from Risdn (H&agg 1950, p.
357 ).

Buccinum Labradorense REEVE
Three shells, recorded from the Kapellbacken deposits, have been
identified by H&gg (1950, p. 357). The identification is ques-

tioned by Warén.

Buccinum meridionale HARMER

Several shells have been identified in the Samnerdd shell-bank.

Buccinum terraenovae BECK

It is only identified in the Samnerdd deposit.

Buccinum undatum LINNE

This is the most common gastropod in the area. The species is not
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