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The demands of Balanus hammeri (ASCANIUS) are distinct as regards 
food which consists mainly of small copepods living in water of high sa
l inity, viz. so-called Atlantic water. 

Atlantic water does not ,  as a rule, occur in  the very coastal zone, but 
in  depths at some distance off the shore: However, i t happens that Balanus 
hammeri occurs in Quaternary deposits obviously settled in  rather shallow 
water near the shore. In such cases, Atlantic water must have ascended as 
reaction currents induced by outftowing great streams. 

I -496075 Bull. of Geol. Vol. XXXIV 



2 IVAR HESSLAND 

The presence of Balanus hmmneri in Quaternary deposits of this kind 
indicates, in other words, outflows of great masses of water. Consequently, 
when dating such deposits, we also date the outflows. In the present 
case I want to know the age of an ancient outflow in N. Bohuslän, 
W. Sweden, indicated by a Balanus hammeri necrocoenosis. 

The importance of Balanus hammeri as an indicator of such special 
hydrological conditions as now mentioned was pointed out by 0DHNER 

( 1927 and I 930) in his interpretation of the genesis of the !arge s hell beds 
at Uddevalla in middle Bohuslän. 

Enormous quantities of Balanus hammeri sheils are accumulated in the 
Uddevalla shell beds. However, the species is reported from many other 
localities on the Swedish w est coast (c f. Fig. I ) . Man y of t hese occurrences 
have certainly notbing to do with reaction currents and outflowing streams, 
but several of them must be regarded as having been formed under such 
conditions .  

There is no reason to assume that all these deposits were accumulated 
contemporaneously. B. hammeri is eurytherm to a great extent (cf . next 
chapter), and it can be expected to be found in deposits from all Qua
ternary stages, provided that suitable hydrological conditions existed. B. 
hammeri is thus of little importance as an indicator of the age of Quaternary 
deposits. 

The dating must be performed by means of pollen analyses. However, 
it happens that this method has to be completed by indicative sedimento
logic, faun istic, and diatomologic data. This was the case in the presen t 
da ting. 

2. On the thermal demands of Balanus hammeri. 

Balanus harmneri is widely distributed in our day, but nowhere rs rt a 
common species. Its European distribution extends from England over the 
Faeroes to leeland and to Sweden and Norway. In Sweden the species is 
fo und occasionally, mainly in the Väderöfjord, and in Norway it occurs from 
the Bergen region and further northwards. It also lives �Iong the coast of 
Murman to the outer part of the White Sea. Its greatest frequency occurs 
in the Norwegian Finnmark In America it has been mentioned chiefly from 
Massachusetts and Nova Scotia. Moreover, Balanus hammeri is reported 
from the Nordre Strömfjord, Greenland (also fossil in Greenland). 

BIWCH ( 1924, p. IIS) who was not aware of the fact that the species 
is able to live in Greenland stated that B. hamm eri "is an exclusively 
Boreal species which occurs in the Boreo-Arctic transitional area in infrequent 
numbers, bu t cannot l ive in  the high-Arctic region in negative tempera tures". 

The idea of the thermal demands of the species is samewhat varying 
in  a paper of AsKLUND 1936 dealing with Quaternary deposits including, 
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Fig. I. Map showing Quaternary occurrences of Balanus hammeri on the Swedish west 
coast. Compiled from data presented by HÄGG 1948. The locality described in this paper 
marked by a circle. I = the Tanum - Svarteborg terminal moraine. II = the Bullaren-

Krokstad terminal moraine. 
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inter alia, this species: it is mentioned as Boreal (p .  30), Boreo-Arctic (p .  45), 
low Glacial-Boreal (p .  52) and middle Glacial-low Glacial (p .  59) . The presence 
of this species in late-Glacial sediments in Halland, W.  Sweden, is interpreted 
as eaused by an early Goti-Glacial considerable amelioration of elimate 
(cf. op. cit. p. 45, 49, and 6o). 

When discussing the thermal conditions of B. lzammeri very great 
importance must be attached to the Greenland occurrence. This is only a 
single find, and notbing is known about the frequency of the species in 
Greenland. It may be noticed, however, that mainly soft bottom biocoenoses 
h ave been investi gated there and, furthermore, that B. hammeri i s  not 
easy to dredge up from those hard bottoms where it l ives. It is considered 
a remarkable event to dredge a B. hammeri specimen in th e Väderöfjord 
(the Swedish habitat of B. hammcri). The species is perhaps not so very 
rare in Greenland. In the Collections of the lost. of Palaeontology of Uppsala 
there is, for instance, an old Greenland find of B. hammeri (z specimens) . 
These had lived on a whale. This, of course, does not prove that the 
specimens lived in Greenland waters; they might just as weil have been 
transported there as dead sheils from the Norwegian Finnmark, for instance. 
However, the possibility may not be excluded that at !east one of the 
specimens lived in Greenland waters judging by the fact that dried parts 
of soft tissues remain in the interior of the she!! .  

Even if the Nordre Strömfjord find should  be singular it shows never
theless that Balanus hammeri has the ability to live in an ice fjord . It has 
also been observed in Quaternary deposits obviously settled just outside a 
land-ice. AsKLUND ( 1936, p .  q) gives a list of species in such a deposit 
which is a case in point. The presence of Portlandia arctica (GRAY), 
which is common in waters outside glaciers and land-ices, indicates that 
the sediment was settled near the Iee border. The fact that B. hammeri 
and Portlandia arctica exclude each other within late-Glacial Halland deposits 
is certainly due to their different ecological demands: B. hammeri l ives 
in clear and current ocean water where the .sedimentation of minerogene 
fine-particles is infrequen t, but P. arctica prefers those places where these 
particles are precipitated abundantly. There is no reason to conclude that 
this mutual exclusion is  due to thermal changes, as interpreted by AsK

LUND (cf. HESSLAND 1943, p .  3 19 f. and p. 2 I in this paper) .  
According to JENSEN 1942, p .  30, B .  hammeri can "live under arctic 

conditions at a temperature which, in  the middle of the summer, is very 
n ear 0° C". The temperature at the bottom of the N ord re Strömfjord where 
the living specimen was found was 0.3-0.2° C.  (end of June) .  

In addition, I have calculated some mean temperature data from the 
vicinity of the Söndre Strömfjord which is situated somewhat S of the 
Nordre Strömfjord . The data have been collected from Publikationer fra 
det Danske Meteorologiske Institut: Isforholdene i de arktiske Hav 1897-
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1 939. They refer to the surface water at the mouth of the fjord . It would 
have been better to know the temperature of the deep water where B. 
hammeri lives, but the bottom temperature had not been measured . 
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The locality investigated is situated about 3 so m E of the Klingseröd 
farm, Kville parish, N. Bohuslän (or about 3.8 km NW of the southernmost 
poin t  of the Southern Bullaren lake). The height above the sea is 99 m. 
It is situated in a rocky region with the depressions filled with sediments. 
The depression including the Bcilanus hammeri stratum discussed here is 
small, and the surmunding Archaean rocks are fairly flat. 

The substratum of the strata! sequence is morainic matter. Above that 
is a marine clay (about 3.6 m) rich in sheil-hearing organisms; Balanus 
hamm cri forms a th in layer a bo ut 7 S cm a bov e the moraini c stratum. The 
marine day· is overlain by freshwater sediments consisting of more or 
less calcareous gyttja (necron mud) in the lower part and non-calcareous 
coarse necron mud in the upper; the freshwater layer is about 1 m thick. 
The strata! sequence is finished upwards by deciduous fen-wood peat (z m) ; 
this is what h as been left after exploitation of the overlying  peat. 

Samples were taken by rueans of a can-auger; intervals between the 
samples were 1 0, 5, and 2.5 cm. 

4· Discussion of the pollen diagram. 
(Cf. Plate) 

The whole strata! sequence has been examined by pollen analysis. Since, 
besides the B. hamm eri horizon, I was especially interested in the shell
bearing limnie stratum, the shortest interspaces between the samples analysed 
occur there. 

For the time being it is samewhat difficult to interpret pollen diagrams 
from N. Bohuslän, since the development of the vegetation has been i n
completely studied, especially the earliest stages. However, the development 
of the  vegetation in  middle Bohuslän is now being studied by Dr. M. FRIES. 
I had the opportunity to see his diagrams which are being elaborated at 
the Inst. of Palaeontology, and to discuss the history of the vegetation with 
him. Of further importance is the fact that I have also investigated pollen-
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analytically 1 0  other strata! sequences from N. Bohuslän ("Calcareous fresh
water sediments" etc.; paper in press) . 

A continuous Tilia curve is not developed. According to S .  FLORIN 

1944, PI. IX, Tilia began to form a continuous curve in middle Sweden 
about 5.000-5. IOO B.  c. which indicates the present strata! sequence to 
be older than this date. 

The continuous A lnus curve begins at about the sample 459. This part 
of the stratum was thus formed about 6. 300 B. C. ,  contemporaneously vvith 
the VG2 in the Väner system (v. PosT 1 947, p .  300) . 

The beginning of the continuous Corylus curve is not distinct, but 
a period characterized by a fairly abundant Corylus vegetation appeared 
at about the sample 487 . The Boreal hazel maximum is not very pronounced 
in this strata! sequence, but it maintains this character with other localities 
in the area; somewhat more to the west the hazel maximum is much more 
pronounced . 

Further downwards in the sequence of  strata the great Betula maximum, 
or the BM (sample 50 1 ), is found, which was developed about 7 .ooo B.  C. 
(v. PosT 1 947 a, p .  2 1 0), i .  e .  at about the transition from finiglacial to 
postglacial time; in the Väner system it earresponds to the VFG3 -
VFG4 (v. PosT 1 947, p. 300) . 

The part of the strata! sequence prior to the BM is difficult to date. 
The following features in the pollen representation may be noted, however. 

The frequency of arboreous pollen is very low in the zone somewhat 
below the BM (samples 5 1 6-524); this ma y indicate an unfavourable climate . 
Very low frequencies also occur in lower sections, such as in the samples 
544-546. 

Below the BM there are especially two sections characterized by the 
fact that the Betula curve is superior to that of Pinus, viz. in the sections 
528-534 and 560-563 . One of them may represent the Alleröd period .  
There are, however, different opinions on the  dating of  this period .  

DE GEER was of  the  opinion that the Alleröd period is of different 
age in different localities (cf. BERLIN and MormEN 1 942, p. 1 6) .  CLEVE

EULER has assumed that there were several Alleröd periods; huminose 
layers of Alleröd type are stated to appear in different parts of the late
Glacial stag e indicating repeated ameliorations of elimate ( 1939 and 1 947, 
p. 95). Other authors assert that at !east Scanodanian Alleröd localities are 
synchronous (cf. NORDMANN 1 940) . 

NILSSON ( 1 935, p. 485) assumed that the Alleröd period occurred during 
the recession of  the Land-lee across Småland to the Middle Swedish terminal 
moraines. These morairres should have been accumulated during the following 
deterioration of  elimate (the later Dryas period) . MOHREN (BERLIN and 
MORREN 1 942, p. 2 1 ), FA<:GRI ( 1 945, p.  1 02), and SANDEGREN (ALIN and 
SANDEGREN 1 947, p. 37) suggest that this idea is not unlikely. v. PosT 
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( 1947, p .  304) states that "the period ends i n  the Salpausselkä stage" .  Later 
Prof. v. PosT has communicated verbally that the Alleröd period seems to 
have appeared j ust after the Göteborg terminal moraine (cf. p. 8) . 

The Alleröd period is characterized by a more intensive productian of 
pollen than the immediately previous and following periods as shown in 
Danish and Seanian deposits (cf. NILSSON 1 935, p. 472) . According to 
NILSSON, the Betula curve dominates, formin g an image of the Pinus curve. 
Alnus, Tili'a, Picea, and Corylus occur occasionally. MORREN also points 
out the fact that pollen of Gramineae, Cyperaceae and terrestri al herbs are 
abundant (BERLIN and MOHREN 1942, p. 20). In the previous period the 
pollen frequency was generally low, acc. to NrLSSON. Pinus dominates . 
A /nus and Corylus occur fairly often, A /nus sometimes rather abundantly; 
Tilia and Ulmus appear sparadieall y i n  the who! e zon e ( Tilia seems to be 
inferior to U/mus) . In the period succeeding the Alleröd period the pollen 
frequency is low. Betula darninates over Pinus, hut not so much as in the 
Alleröd period. A /nus, Picea, and Corylus occur now and then; they seem 
to be more common than i n  the Alleröd period. 

MOHREN (BERLIN and MoRREN 1 942) has i nvestigated some strata! 
sequences in Småland in order to ascertain whether the Alleröd pollen 
spectrum is traceable northwards. He found that this is the case as far as 
N. Småland, hut that the heat character of the period dimin ishes northwards. 
MOHREN, moreover, examined a strata! sequence from Göteborg where he found 
that Pinus darninates also during the period referred by him to the Alleröd 
stage (op. cit. p. 22) . This period is characterized by an increase of the Betula 
curve. A few A /nus and Corylus pollen grains occur contemporaneously. 
SANDEGREN (ALIN and SANDEGREN 1 947, p. 37) referred to the Alleröd 
period a section of a deposit at the Göta älv ineluding Alnus, Corylus, Picea, 
and Quercus ; the content of Betula is h igh in parts of this seetio n. 

As Iong as there are different opin ions among the pollen analysts with 
regard to the da ting of the Alleröd period, i t  i s  scarcely possible to identify i t 
with certainty i n  the present diagram. Nor is this of decisive importance for 
the dat ing of the Balanus hammeri stratum. It is noticeable, however, that 
seetians below the BM with high Betula values presurnably indicate periods 
of elimate amelioration (cf. above) . Some support for this idea is the mode of 
occurrence of A rtem isia in the strata! sequence. It mainly forms a continuous 
curve below the BM indicating that at this time the land was open minerogene 
soi ls for the most part (cf. ERDTMAN 1 946) . But i n  the middle part of the see
tian 52 8-534 (where the Betula curve dominates) Artemisia i s  infrequent or 
absent w h ich ma y be du e to a ch ange of so il type probably eaused by elirnatic 
amelioration. Such presurned changes of elimate and the hydrological data 
arrived at by sedimentologic, faunistic, and diatomologic in vestigatians of the 
strata! sequence i s  here the base for a calculation of the age of the B. 
ftammeri stratum .  These questions are disenssed in the following pages. 
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5. The minerogene sedimentary p has e. 
(Cf. Plate) 

The substratum of the marine  day is morain ic  matter. The sediment just 
above the bottom layer (sample 563) has a very wide granulometric dispersion 
with a predominance of large-sized fractions. As early as sample 562, which 
is  situated 5 cm higher, these fractions have decreased considerably, and 
the small-s ized fractions have increased. This became more pronounced i n  
sample 5 56 situated 40 c m  a b o  v e  t h e  bottom stratum. I n  the B. lzmnmeri 
layer, w h ich appears about 2 5-50 cm high er up, the sediment became 
weil sort ed; the large-sized fractions as weil as the small-sized are i nfrequent, 
the main quantity being of medium s ize, chiefl.y mo (acc. to ATTERBERG's  
classification). During the  next stage i n  development (samples 546, 543 ,  and 
540) the granulometric dispers ion changed somewhat; especially the small
sized fractions increased. At higher levels the granulometric dispersion slightly 
decreaserl, but during the final phase of the marine  stage the sediment 
became unsorted again .  

This development may be interpreted i n  the following way. The Ice 
had receded about 2 km from the Tanum-Svarteborg terminal moraine when 
the morainic substratum was accumulated. This terminal moraine, which 
disappears northwards into the sea at about the islan d of Råssö, between 
Strömstad and Grebbestad, is traceable southwards in  many localities. It 
traverses the inner part of the Saltkällefj ord and the Byfjord somewhat W 
of Uddevalla (Sunningen) . The outwash plains which constitute the mil itary 
camp Backamo seem to be confined to it. Further southwards i t  may con
t inue as the so-called Göteborg moraine (according to MUNTIIE-]OHANSSON

SANDEGREN 1924, p. 99 and PI. II) . 1 Th is one continues, i n  Halland, i n  the 
farnous Fj ärås bräcka . The Göteborg moraine is stated to be dated geo
chronologically to a bo ut w,ooo B. C. (cf. v. PosT r 947, p .  299). Provided that 
the Tanum-Svarteborg moraine really continues i n  the Göteborg moraine 
i t  is thus of  the same age. The substratum of the Klingseröd deposit i s  
somewhat younger s ince, as  mentioned, i t  was formed when the Ice bad 
receded about 2 km from this moraine .  

The poor sortin g of  the sediment j ust above this stratum may indicate that 
the Ice was still j ust in the vic inity. B ut at the accumulation of the Balanus 
lzammeri bed i t  had receded so far from Klingseröd that larger particles 
were not transported to this place, nor larger quantities of very fine particles, 
which were probably precipitated, on account of electrolytic agglomeration 
(reaction currents), nearer the Ice margin . The distance to the Ice margin at 

' After this paper went to press, an investigation of S. Bohuslän Ice front Iines has 
appeared (B;öRSJÖ, N.: Israndstudier i södra Bohuslän. Sveriges Geol. Unders. Ser. C ,  

No. 504. Stockholm 1949). According to BJÖRSJÖ, the Tanum-Svarteborg terminal moraine 

continues as the Göteborg moraine. 
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that time is impossible to ascertain with any great exactitude . However, the 
Ice bad probably not reached the Bullaren-Krokstad moraine which runs 
about I I km NE of Klingseröd. The continuation of this terminal moraine 
runs between Vänersborg and Trollhättan and is distinctly traceable through 
Västergötland; the moraine i s  called the Vänersborg moraine by MUNTHE 
(I94 1). The reason for my assumption that the Ice had not reached this 
moraine at the deposition of the B. hammeri bed is that a stratum samewhat 
above this bed (samples 540-546) was probably formed during a halt 
of the Ice front which may earrespond to th is moraine .  Arboreous pollen are 
few in  the samples 540 and 544-546 indicating possibly a deterioration of 
elimate which may be considered to be registered by a halt in the Ice 
recession .  The granulometric composition of the sediment had changed 
inasmuch as small-sized fractions had increased. This may mean that the 
outflow from the Ice had decreased. The glacial streams continning into 
the sea were not strong enough to transport larger particles to this place. 
The increase of the minute fractions, on the other hand, may be explained 
by the fact that the outflow streams had become too weak to raise reaction 
currents which supply electrolytes. On this account the fine particles could 
be transported more seawards than earlier before being agglomerated and 
precipitated. 

The succeeding increase of medium-sized particles and pollen frequency 
possibly means that the Ice receded from a stationary position on account 
of a elimate amelioration .  

During a l l  this development the depth of  water diminished. Finally, 
waves and surf could act upon the glacigene layers covering the Archaean 
bills to the west. The upper part of the marine strata! sequence was 
obviously to a great extent formed because of this redeposition (probably 
from about sample 526) . The granulometric sorting became especially poor 
when the bil ls emerged above sea leve! . The sedimentation then occurred 
in stagnant water endosed by rock bills on all sides and connected with 
the sea by narrow passages. Sediments of different granulornetry were 
transported to this area hut few were carried away. Hence, a very bad 
granulometric sorting appeared just before the area was parted from the 
sea (especially the sample 496). 

The content of sulphur increased through the marine stratum, indicat ing 
not only intensified supply of necron substances, hut also that the water 
became progressively more stagnant. 

6. Fauna. 

Owing to the fact that the samples were very small (about 0,5-2 g) 
statements about the rnaerafossils are not very representative. As a matter 
of fact, larger samples might also have given a more complete p icture of 
small-sized fauna! groups. However, the samples form a dense series, and 
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Sample No. 

Bottom 
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Top 

J}Iiliammina .fusca (BRADY) 

Balanus sp. 

Verruca strömia (0. Fr. MULLER) 

Ptcten islandicus MULLER 

Cibicides lobatula (WALKER and JACOB) 

Elphidiella arctica (PARKER and JoNEs) 
Cytheropteron arcuatum BRADY 

Eucythereis emarginata (G. O. SARs) 

Echinus sp. 

Trophon clathratus (L.) 
Nonien labradoricum (DAWSON) 
Elphidium excavatum. (TER QUEM) 
Mytilus edulis L. 
Cytherura c!athrata G. O. SARS 
Heterocyprideis sorbyana Q oNES) 
E!phidium incertum (WILLIA MSON) 
Elphidium ask!undi BROTZEN 

Cytheridea papillosa BOSQUET 

Balanus balanus (L.) 
Balanus hammeri (AscANIUS) 

Quinqueloculina seminulum (L.) 
Lepeta coeca (MULLER) 

llfacoma calcarta (CHEMNITZ) 

liiodiola sp? ( Yoldia sp ?) 

Elplzidium incertum (WILLIAMSON) var. c!avatum 

Spirorbis borealis DAUDIN [CUSHMAN 
Eucythereis concinna (JoNEs) 
Saxicava arctica (L.) 
Virgulina davisi CHAPMAN and !'ARR 

Cythere !utea O. Fr. MULLER 

Elphidium hallandense BROTZEN 

Mmgarites sp. 

Cassidulina crassa d'ORBIGNY 
Balanus balanoides (L.) 
Polymorphina cf. compressa d'ORBIGNY 

Fig. 2. Distribution of marine species observed. Occurrences of species marked by dots. 

Figures referable to pollen samples (cf. Plate). 
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the animal d istribution curve based on a h istogram (each bar, as a rule, 
representing 5 samples) may give an idea of the intensity and variation of 
the necrotope. The distribution curve and the occurrence of the separate 
species observed are shown in Fig. 2. 

First, it may be mentioned that all the species occur in the Arctic Sea. 
Many of them do not appear further south than the Norwegian Finnmark 
and the Trondheimsfjord . One of them, Cytlteroptemn arcuatum BRADY, is 
purely Arctic .  

As shown by the distribution curve the number of  species i s  high in the 
bottom-most part of the marine clay precipitated when the margin of th e 
Ice was just in the v icinity, judging from the granulometric  composition of the 
sediment. In the lowermost ro cm of this stratum I6 species were observed: 
6 foraminifera, 4 ostracods, 3 molluscs , 2 cirripeds, and I echinoderm . 

According to statements by traveliers in the Arctic region , animal Iife 
is abundant in the water j ust outside glaciers . This may partly be explained 
by the fact that salt water is carried there as reaction currents. Among the 
present species there are indicators both of high salin ity and currents. High 
salinity is indicated by the ostracod Eucytltereis emarginata G. O. SARS, which 
is recorded to require > 20 %o (ELOFSON I 94 I, p .  2 84) , and currents by 
the cirriped Verruca strömia O. Fr. MOLLER. The i mmediate expansion of 
the foraminiferal and ostracodal faunae gives evidence of a Iively supply 
of open sea water. The fact that the foraminifera are j uveni le to a great 
extent, and that among the ostracods the alate and very thin-shelled 
Cytlzeropteron arcuatum BRADY (which is thus easily movable) is the most 
common species may suggest reaction currents . The presence of carnivores 
such as Trophon clathratus L. and Eclzinus cf. dröbakiensis MOLLER is 
explained by an abundant animal Iife. 

The number of species is practically i dentical in the following samples up 
to 55 5.  B. harmneri appeared here, represented by a few fragments in sample 
558 .  The five-sample sequence 55I-547 includes the richest B. lzammeri 
occurrence (especially sample 549) . Spirorbis borealis DAlJDIN is also abun
dant there, and bryozoa occur; these types, like B. ltammeri, indicate Iively 
current action .  

After this period current action must have decreased, judging  from 
the f act that the following species disappeared : Balanus hammeri, Verruca 
strömia, Spirorbis borealis, and the bryozoa; Pecten islandicus MOLLER and 
Lepeta coeca (MOLLER) which a:tso prefer current water had likewise dis
appeared. In the continuation the number of species dimin ished , and the 
individual frequency was also fairly low. 

Around sample 5 ro the number of species increased d istin ctly . This is 
partly due to the fact that a new biotope, rich in  animals, had been formed, 
v iz .  an algal biotape on the Archaean hills surmunding the deposit , above all 
W of it .  Evidence of this new formation is given especially by the abundance 
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of Cythere lutea O. Fr. MULLER which is a most characteristic member of 
algal biocoenoses. The fact that Mytilus edulis L. is very abundant shows 
also that the water bad become shallow. Around sample 503 the change 
of leve! bad proceecled so far that the Archaean bills to the west bad 
emerged above sea leve!, j udging by the fact that Balanus balanus (L.) bad 
been succeeded by B. balanoides (L.) w h i  ch is characteristic j ust of the jjaer. 

Many of the foraminifera and ostracods i n  this  upper richly fossi l iferous 
section of  the clay layer are very Iikely redeposited from older parts of 
the clay. 

7· Diatoms. 

Dr. AsTRID CLEVE-EULER has graciously examined a sequence of samples 
with respect to diatoms .  The species observed are enumerated i n  the 
tables I-III, p .  1 4-IS. 

Dr. CLEVE-EULER has commented on the tables i n  th e following way: 

"Five different diatom zones are discern ible .  
I .  Samples 468-48 I. Finnularia eardinafis zon e .  Extremely few di atoms .  

Fresh water .  
2 .  Sample 487. Mastogloia-Fragilaria zone .  Practically fresh water. 
3· Samples 493-495. Shore-lake flora with, inter alia, Cymbellae and Epithe

miae. Individuals very abundant. Practically fresh water. 
4· Samples 497-50I. Transitional zone with Seoliopleura and Hyalodiseus. 

Few diatoms. Brackish water. 
s .  Samples so6-S62 .  Coseinodiseus zone. Sea water. Samples 5 I I-539 

more or less rich i n  diatoms. Samples 541-56I poor i n  diatoms . Sample 
562 no diatoms. 

With but few exceptions, epiphytes do not occur below sample 538 
which indicates fairly deep water. Among the epiphytes above this sample 
Cocconeis settteltum i s  the most abundant. 

The marine diatom association has a decidedly kryophile character. 
Forms indicating temperate conditions do not occur. The diatom flora is 
very much reminiscent of the Ice Sea flora described by CLEVE and 
GRUNOW (I88o) . Of special i nterest i s  Coseinodiseus divisus GRUNOW, which 
has not been reported previ ously from Scandinavia. 

It is an interesting fact that freshwater species occur throughout the 
marine  clay, a few even from the very bottom part of the clay, especially 
Melosira islandica subsp . helvetiea O. M. All the freshwater species constitute 
a uniform and representative so-called arenaria flora, which i ndicates that 
the locality has received outflows from great in land waters during the whole 
sea stage .  The species are l i toral for the greater part; they formed an abundant 
flora when the locality was isolated from the sea (samples 493-495) . 

A special group of diatoms appeared in  the Seoliopleura zone and i n  
the following shore-lake zone. The  appearence o f  these species i ndicates 



BALANUS H AMMER! AS HYDROLOGIGAL INDICATOR 

Sample 
00. 

481 

487 

493 
497 

515 

a 

�i� i------------fl 
524 
527 
529 
532 f--------------'-\ 
534 
538 
541 .j-----------,---:� 
544 
547 

552 

562 

Sample 
o o. 

481 

487 

493 
497 
501 

506 

511 
515 

520 
522 
524 
527 
529 
532 
534 
538 
541 
544 
547 

552 

551 
559 

13 

b 

D 1 species 

Fig. 3· Distribution of diatom species. a. Marine species. b. Freshwater and indifferent 

species. Figures referable to pollen samples (cf. Plate) . The species are enumerated in 

tables, p. 14-18. 

that the passages to the open sea had become very narrow and that currents 
from the sea bad no longer free admittance. These species are partly 
distinctive of small lakes and ponds and partly they are euryhaline lagoon 
types, such as Cymbella caespitosa (KZ) A. CL. and Navicula oblonga KZ." 

To these statements by Dr. CLEVE-EULER only some remarks may be 
added pertaining to the  presence of  organisms other than diatoms indicative 
Qf the character of  the sediment in the transitional zone between the marine 
and limnie layers . These data confirm the evidence of the diatoms. 

The sediment is crowded with Mytilus prisms up to sample 495, and 
foraminifera and ostracods are included in great quantities; th is is the 
uppermost sample of the marine day. Sample 494 is a lagoon layer consisting 
Q [  a clayey calcareous m ud with single specimens of the freshwater gastropad 
A rrniger crista (L. ) , but fai rly great quantities of  Myti!us prisms occur also; 
these were obviously transferred into the lagoon from the sea or  redeposited 
from older layers . In 493 the freshwater gastropad Gyraulus arcticus BECK 
had grown numerous, and freshwater mussels belonging to the genus Pisi
dium had appeared. The content of freshwater calcareous precipi tates and 
the number of  plant remains had increased considerably . Minute fragments 
Q[ Mytilus may sti l l be observed. 
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8.  Concluding summary. 

The main purpose of the present investigation is to date the Balanus 
ltammeri zone. By this procedure a great outflow of water is also dated 
(cf. introduction) .  

The dating  of the B. lzatmneri zone by means of pollen analysis is 
samewhat vague and needs therefore, if possible, to be made more precise 
by means of other data indicative of the age. 

As mentioned above (p. 8 )  the morain ic  substratum of the elay layer 
(uppermost part j u st below sample 5 63) was deposited when the Land
lee had receded about 2 km from the Tanum-Svarteborg terminal morain e  
(wh ich seems t o  be the northern continuation of the Göteborg mora ine ,  
cf .  p .  8). The very poor sortin g of the sediment in the bottom part of  th e 
elay as weil as the rich and  current wanting fauna included indicate that 
the Ice margin was j ust in the vicin ity during this time (p. 8 and I I) . 

The amelioration of elimate which seems to have occurred at that time 
(high Betula values) is possibly identical with the Alleröd period i n  v.  PosT ' s  
conception, which according to  h im probably appeared j ust after the forma
tion of th e Göteborg moraine  (p. 7). 

W e have further suggested that a deterioration of el imate vvhich ma y 
have eaused the formation of the Bullaren-Krokstad-Vänersborg terminal 
mora ine  is traceable in  the present stratal sequence (samples 540-546) . 
This consideration is based on the following facts : 

I .  The productian of arboreous pollen became parti y low, possibly 
indicating a el irnatic deterioration . 

2. The sediment became rather poOrly sorted after having been weil 
sorted during the previous accumulation of the B. lzammeri bed. The 
small-sized fractions increased, probably indi cating  that the outflow from 
the Ice had diminished (argumentation p. 9), i .  e .  the Ice border became 
stationary . 

3 ·  Animals ind icating  I ively current action (cf. p .  I I) vanished entirely 
at sample 545 after ha v ing been in part n umerous from the beginn ing  of the 
sedimentation of the elay layer. This certainly means that the outflow of 
meJting water became too weak to raise reaction cu rrents (i . e .  the Ice border 
became stationary) .  

As B. ftammeri is most abundant j ust below this section the  B. ltan11neri 
stratum must be coneluded to have been formed when the Ice, on its 
recession from the Tanum-Svarteborg moraine, had nearly reached this 
stationary position of the Ice horder, which is most probably the Bullaren
Krokstad moraine .  

A question now is, where d id  the many freshwater diatoms of  the  marine 
elay come from. CLEVE-EULER considered them to be derived from a )arge 
lake (p. I 2). This lake might thus have oc;curred samewhere eastwards and 
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have disembogued in th i s  area. But such a lake may scarcely have existed 
since the Ice front stood j ust in the vicinity. The diatoms may, in fact, have 
lived in the surface layer of the sea outside the Ice. Great quautities of 
freshwater must have been stored there, especially du ring periods of intense 
melting. 

MOHREN, who found freshwater d iatoms in late-Glacial marin e  elays i n  
Göteborg, alleged reasons for the  conception that the surface layer o f  the 
sea consisted of freshwater to such an extent that freshwater diatoms could 
l ive there ( 1 945, p .  260). 

Indications of the further development during the marine  stage support 
the dating of the B. hmmneri horizon now deduced . 

A period of elirnatic amelioration, indicated by the Betula frequency being 
h igh, arboreous pollen rather abundant, the open soil species Artemisia 
infrequent or  absent, has possibly occurred during the retreat of the Ice 
to the Middle Swedish moraines. The following seetian (samples 5 1 6-528) 
is characterized by a mainly low frequency of arboreous pollen and a 
sl ight increase of Artemisia, and on that account it may have been devel
oped during a elirnatic  deterioration, not unlikely that which gave rise 
to the Middle Swedish terminal moraines. Freshwater diatom frequency was 
low in this period and that of planktonic marine diatoms was h igh, i . e .  
the outflow of  meJting water seems to  have decreased . The granulometric 
compos ition of the sediment was scarcely influenced, however, by the dirnio
ished outflow, which may rnean that the distance to the Ice border had now 
becorne rather great. 

9· On other Balanus hammeri deposits of the Swedish 

west coast. 

Sorne of the man y B. hammeri deposits of the Swedish west coast have 
been dated previously. 

One deposit was dated by SANDEGREN (pollen analysis), viz . that of Nol 
at the Göta älv (ALIN and SANDEGREN 1 947, p .  3 1 ). SANDEGREN referred 
the stratum which includes B. !tammeri to the Alleröd period. It is of 
i nterest to note that freshwater diatoms of the same type as in  the locality 
here investigated occur tagether with B. hamnzeri and continued to be 
deposited after the formation of the B. !tmnmeri stratum j ust as at Klingseröd. 

AsKLUND dated two B. hammeri deposits in Halland by means of pollen 
analyses ( 1 936, p .  83  f.) .  One sample from each locality was inves
t igated . The deposits were referred to the Alleröd period, hut whether this 
is correct is hardly possible to decide, because of the fact that. only one 
sample from each locality was analysed. 

AsKLUND ( 1936) has pointed out that B. lzammeri is very abundant in 
late-Glacial deposits of  Halland. These interesting deposits should be 
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i nvestigated by rueans of series of analyses of pollen and sediment, as 
weil as of fauna and diatoms.  Important knowledge may thus be obtained 
a bo ut those outflows w h ich obviously eaused the formation of the B. hammeri
hearing strata. Many of the strata were probably accumulated j ust outside 
the Ice front (cf. above, p .  4), such as the Ågård strata! sequence (AsK
LUND 1 936, p. 8). The bottom-most stratum which includes B. hammeri and 
several carnivorous gastropads but  not Portlandia aretira (GRAV) is a sand
m ixed clay. The evidently rather coarse sediment and the fauna may indicate 
that the Ice front was in the vicinity . Such surmundings may be tolerated 
by B. lzammeri bu t are not favourable for P. arrtira . The overlying  stratum is 
a roughly laminated clay lacking B. ftammeri; Bala11us balamts L., Maroma 
ralcarea (CHEMNITZ) , Saxicava aretira L., and two carnivorous gastropads are 
still present. The Ice front may have receded somewhat from Ågård at that 
time, and the water may have become less saline j udging from the lamination .  
Diminution of salinity must have continued, however, resulting in  an over
lying minutely laminated glacial clay. The distance to the Ice front seems 
to have increased, and the Kattegatt basin may have been filled with melt
water. P. aretira appears in this sediment w h ich is exactly of the type where 
it can be expected to occur. 

0DHNER ( 1 927) dated the !arge B. !tammeri beds at Uddevalla in an 
i nductive way; he  interpreted them to have been formed when a great 
ou tflow of water through the ancient Vän ersborg-Uddevalla sound took 
place .  He could not precisely calculate the age of the beds, but pointed 
out that their formation may have begun at the first drainage of the Balt ic  
Ice Lake and possibly continued to the Ancylus period ( 1 927, p .  79) . 

A more accurate dating may be possible, however. The great shell 
beds do not offer datable strata! sequences, but B. hammeri also occurs in 
probably pollen-hearing clay layers, accessible i n  many parts of that town . 

CLEVE-EULER ( 1 947, p .  1 0 1 )  i nterpreted the Uddevalla beds as having 
been formed at a transgression which she thought to have occurred at the 
beginning of the last glaciation when Seandinavia was depressed on account 
of the heavy ice sheet load. Thus, Bohuslän should have been practically 
non-glaciated and covered by the sea during the last glaciation .  

This  in terpretation is scarcely tenable, however. If Bohuslän should have 
been inundated such as j ust mentioned, glacigene layers from previous 
glaciations resting on the Archaean plateaus should have been transported 
mainly eastwards by waves and surf and have been deposited east of the pla
teaus. Shells ofjjaer organisms (especially Bala11us bala11oides) l iving on the pla
teaus d urin g the beginn ing of the transgression should have been carried there, 
and thereafter, as the water deepened, organisms from the algal biocoenoses 
of the plateaus .  Further on, soft bottom endobiotopes might have been 
developed on the top of the shell beds. Bu t such a sequence of strata was 
never observed during my investigation of N. Bohuslän shell beds in 1 943 ,  
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nor ,  as far as I know, by any other student. The opposite strata! sequence 
is encountered, on the contrary, which shows that the shell beds were formed 
during the regression after the last glaciation .  

Concern ing the origin o f  the Uddevalla B .  hammeri beds ; they were scarcely 
formed during a transgression .  The premises for this suggestion as presented 
by CLEVE-EULER in  1 926, and still held in 1 947, are not appl icable in  th i s  
case. No transgression i s  required , according to  the  able and certainly yorrect 
interpretation of their genesis by ODIINER. Nor do transgressive sequences 
of strata, such as mentioned above, occur. 
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Plate I. 

Stratal sequence of the Balanus ltammeri hearing locality, pollen diagram, sulphur 

content, and granulometric distribution. A. l\1orainic matter. B. Marine clay. C. Shell

bearing calcareous freshwater layer. D. Coarse non-calcareous necron mud. E. 
Deciduous fen-wood peat. 
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