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Tentaculitids from the Silurian of Gotland and Scania, Sweden, have been examined as to 
their morphology, taxonomy, ecology and biostratigraphical properties. The material 
derives from 427 localities covering the upper L1andoverian to lower Downtonian 
sequence. The rich and well preserved faunas represent four families (of which 
GotlandeIlitidae is riew), nine genera (of which Tractabilopsis and Gotlandellites are new), 
and 44 species, 41 of which are new. Members of the family U niconidae have not 
been examined. The morphology of tentaculitids is described, and severai new 
morphological terms are introduced. Some hypotheses on their ecology, mode of life, 
and zoological affinity are also discussed. Their usefulness for biostratigraphical 
purposes is demonstrated. 
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Introduction 
Tentaculitoids have ever since their first illustration in 
literature (Walch 1 775 ,  PI .  4: 4-5 )  and original descrip
tion (von Schlotheim 1 820)  remained an enigmatic fossil 
group. Their mention in texts has sometimes been ac
companied by brief descriptions without or with only 
poor illustrations, but has mostly been confined to fossil 
lists . A striking number of species have been described 
from samples geographically and stratigraphically poorly 
defined, including from "Silurian" erratics. This is cer
tainly not unique to tentaculitoids, but rather is  common 
to many of the early-described fossil invertebrates .  As a 
consequence , many tentaculitoid species based on unreli
able material have subsequently been identified from 
most of the Ordovician-Devonian sequence . This has 
contributed to the very wide stratigraphical ranges sup
posed for many species. Good examples of such species 
are Tentaculites annulatus von Schlotheim and T. ornatus 
Sowerby , both of which are reported to occur from 
Caradocian to middle Devonian strata. Most species 
which were erected early have, for more than a century, 
been used as "waste-basket" categories. I t  is not until the 
last 25 years that the excellent qualities of tentaculitoids 
for biostratigraphy have been proved, primarily by Lja
shenko in numerous pa pers on the Devonian tentaculitoid 
faunas of Russia (Ljashenko 1 953 , 1 954 , 1 956 ,  1 957a ,  
1 957c-d , 1 966,  1 967 ,  and 1 969a-d) and also ,  to some 
extent, from Late Silurian faunas in Estonia and Podolia 
(Ljashenko 1 958 ) .  

A new era in tentaculitoid research was heralded by  the 
paper by Ljashenko ( 1 959)  on faunas from the Russian 
Platform, by Boucek's (1964) paper on the thin-walled 
(dacr)tOconarid) tentaculitoids of Bohemia and in the 
work of Lardeux ( 1 969) on West European and North 
African thin- and thick-walled tentaculitoids .  In these 
three papers tentaculitoids are described monographi
cally and their excellent stratigraphical properties are 
emphasized. Subsequent investigations have dealt mainly 
with Devonian faunas, from Thuringia (Zagora 1 962 , 
1 964 ) ,  Harz (Zagora 1 966 ;  Alberti 1 970b-c) ,  Franconia 
(Alberti 1 970a) ,  North America (Ludvigsen 1 97 2 ;  Chur
kin & B rabb 1 967 ; Churkin & Carter 1 970)  and Australia 
(Sherrard 1 967 ,  1 975 ) .  These papers have considerably 
increased our knowledge of the morphology, taxonomy, 
ecology and stratigraphical distribution of dacryoconarid 
tentaculitoids .  The situation differs with regard to the 
thick-walled forms, which have so far been treated to a 
lesser extent (Ljashenko 1 958 ,  1 959 ,  1 969a-c ; Lardeux 

1 969 ;  Hajlasz 1 968 ,  1 974) .  The emphasis of tentaculitoid 
research has been on Devonian material : Silurian 
tentaculitoids have only exceptionally been studied, and 
then only those from Late Silurian deposits (Ljashenko 
1 958 ;  Hajlasz 1 974) .  

During the systematic work on Silurian fossils of Got
land that was initiated and coordinated by Anders 
Martinsson within the framework of the Baltic-Scanian 
Silurian Project, it became obvious in the 1 960s that the 
Silurian tentaculitoid fauna, as seen in the large collec
tions then being surveyed primarily for palaeocope 
ostracodes is considerably more diverse and possesses 
better stratigraphical qualities than had previously been 
realized. Boucek's ( 1 964 ) results from Czechoslovakia 
provided further encouragement for a study of the 
Silurian tentaculitoid fauna of Gotland. I was fortunate 
to be directed into this study in 1 969,  and from 1 972 
most  of my t ime and efforts have been devoted to this 
fascinating fossil group. From 1 974 this study has been 
perforrned within the auspices of Project 
Ecostratigraphy, for which the Baltic-Scanian Project was 
a "run-in" effort. 

From initial studies of literature and examinations of 
the tentaculitoid material available in various museum 
collections ,  it very soon became evident that a fundamen
tal rev is ion was necessary in order to c1ear up the 
taxonomic disorder among the Silurian species already 
described, and that new material should be collected 
from exactly localised sampling spots at well-defined 
stratigraphical levels .  It was quite c1ear that much of the 
prevailing confusion in the knowledge of the stratigraph
ical distribution of the tentaculitoids resulted from 
incomplete locality description and incorrect determina
tion of species. The latter is understandable, considering 
the very brief and inadequately illustrated descriptions 
that have been available. Many of the se descriptions were 
based on mould material - a fundamental error which 
has unfortunately been repeated even quite recently in 
some papers .  Moreover, severai papers from the last 25 
years contain poor il lustrations ,  which hamper the easy 
determination of tentaculitoid material. 

I t  is my hope that this paper will present a detailed and 
comprehensive account of the Silurian thick-walled 
tentaculitoids as illustrated by material from Sweden. 
Special effort has been devoted to describing the 
morphology of these tentaculitoids and to devising a 
sound morphological nomenclature. Hitherto, the 
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nomenclature has been derived from heterogeneous 
sources and remained very unsystematic to say the least. 
Discussion through the history of tentaculitoid research 
has centred on the zoological affinity of tentaculitoids, 
and, l ike so many other little known fossil groups, they 
have been shifted from phylum to phylum (including, 
among others, annelids, brachiopods, echinoderms and 
molluscs ) .  However, this subject will only be treated 
brie fly in this monograph. It is my firm belief that we still 
know too little about the morphology and ecology of 
tentaculitoids to comment on their affinity. Only very 
detailed analysis of the microstructure of their conchs, 
together with careful examination of their response to 
various environments, can contribute to a better under
standing of their position in the animal kingdom. The 
excellent material found on Gotland and in Scania is well 
suited to such investigations .  

The conclusions presented on morphology, ecology , 
geographical and stratigraphical distribution are based 
almost entirely on data assembled during this study of the 
faunas from Gotland and Scania. Only to a very small 
extent have observations on material from other areas 
(i .e. England and Estonia) been included. Although the 
amount of material available is immense, a complete 
treatment of the faunas cannot be presented in this 
paper. The main reason for this is the poor preservation 
of some tentaculitoids. This, added to a specialized 
morphology, makes sound taxonomic treatment very 
hazardous at present for members of the family 
U niconiidae. U nfortunately these are also highly 
fragmented in most samples and it is difficult to match 
the pieces together reliably into taxa. Thus, these 
tentaculitoids will be trcated only brie fly ,  mainly in dis
cussion of some morphological characters which are 
especially well seen among species of the genus 
Alternatus ? A few other tentaculitoid specimens do not 
fall easily into any of the taxa described here. It is 
difficult yet to determine whether they are varieties of 
known taxa or should be regarded as separate species. 
Such specimens are very limited in number, and I would 
hesitate to erect new taxa on only one or very few 
specimens. Apart from the groups just discussed, the 
entire tentaculitoid fauna, observed in the samples ex
amined, will be described.  

At this  stage I think it necessary to comment on the 
name of the group.  Hitherto, tentaculite (plural tentacu
lites) has been mostly used as an informal name com pris
ing both thin- and thick-walled forms. The term 
tentaculitid has since the introduction of Fisher's ( 1 962)  
classification been applied to thick-walled forms, also 
including the homoctenids, and dacryoconarids for thin
walled . Lardeux ( 1 969) used "tentaculitid" to designate 
only the thick-walled forms. Thus severai names are 
duplicated, and those used depend on the classification 
adopted.  

I prefer not to use tentaculites because of possible 
confusion with the genus name Tentaculites von Scjllot
heim . I adopt the classification by Lardeux ( 1 969) in this 
monograph, so I will use tentaculitoid as to the general 
name for any groups, thin- or thick-walled. Tentaculitid is 
used for any member of the order Tentaculitida, i .e .  the 

thick-walled forms, homoetenid for any member of the 
order Homoctenida, and dacryoconarid for any member of 
the thin-walled tentaculitoids, I . e .  the order 
Dacryoconarida. 
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Historical review of Silurian 
tentaculitoids 
There have been severaI historical revlews of 
tentaculitoid research.  Barrande's ( 1 867 :X-X I I )  cIassic 
paper gives an exhaustive summary of the state of 
knowledge on tentaculitoids .  More recent accounts have 
been published by Ljashenko ( 1 959 :44-52 ) ,  Fisher 
( 1 962 : W99-W l O l ) , Boucek ( 1 964 : 1 3-1 6) ,  and Lardeux 
( 1 969 : 5-6) .  These works give a comprehensive account 
for Devonian tentaculitoid research and wil l  not be fur
ther reviewed here. Silurian tentaculitoids ,  however, have 
been given very l ittle attention in earlier literature, and 
therefore their history will be summarized in some detail, 
with particular emphasis on thick-walled forms.  Refer
ences in faunal lists will not be considered. I shall enlarge 
in considerable detail on the of ten confusing literature 
containing original descriptions of statements on occurr
ences in the areas concerned by the present investigation.  

The earliest reference in l iterature to a tentaculitoid 
appears to be in the paper by Walch ( 1 77 5 : 2 1 1 -2 1 3 ,  Pl .  4 :  
4-5 ) .  I t  i s  likely that a t  lea s t  one o f  the figured specimens 
with paired rings is of Silurian age. The genus Tentaculites 
was founded by von Schlotheim ( 1 820) ,  who figured and 
briefly described two species, Tentaeulites sealaris and T. 
annulatus, which he regarded as forming parts of crinoid 
crowns. Unfortunately the syntype material was partly 
preserved as mould . There are numerous references to T. 
annulatus and T. sealaris so that wide stratigraphical 
ranges for these species have been supposed. Probably 
very few of these identifications are correct, a conclusion 
supported by my examination of specimens in severaI 
museum collections. Recently, Z agora ( 1 969) redescribed 
von Schlotheim's material of T. sealaris, which was re-dis
covered In the Palaeontological Museum of the 
Humboldt University, Berlin. Zagora designated the 
specimen figured by von Schlotheim ( 1 820 ,  Pl. 2 9 :  9b) as 
a lectotype (cf. Zagora 1 969,  Pl .  3 :  3 ) .  This species is also 
the type species of the genus Tentaeulites von Schiotheim.  
The remaining part  of von Schlotheim's figured material ,  
P l .  29 :  8a-b, was  reported as lost by Zagora ( 1 969 :  222 ) , 
and he considered T. annulatus to be a nomen dubium. 

However, it does not follow automatically from Zag
ora' s designation of a lectotype for T. sealaris, that the 

remaining material seen on von Schlotheim's Pl .  29 :  8a-b 
(if it were to turn up) should be named T. annulatus. It is 
obvious from the figure that at least two species are 
present, the two specimens at letter a belonging to one 
species, and the single specimen b belonging to another. 
This was also pointed out by Koken ( 1 889) .  Under T. 
annulatus, von Schlotheim ( 1 82 0 :  377 )  reported that two 
specimens, "sehr sehOne und deutliehe", derived from 
Ubergangskalkstein from Gotland.  These two specimens 
must be those figured as a. The specimen b was de
signated as T. sehlotheimi much later, by Koken ( 1 889) .  
Unfortunately he described it very incompletely and 
without illustration.  He regarded T. sealaris and T. an
nulatus as synonyms. Koken's species Tentaeulites sehlot
heimi must be regarded as a nomen dubium. Hajtasz ( 1 967 : 
5 5 1 -552 , Pl .  2 :  6-9 ; Pl .  3 :  1 0-1 5 ,  Pl .  4 :  1 6-1 8 ;  Pl .  5 :  
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20-2 1 and 1 974 , Pl .  6 :  3 )  described a tentaculitid with a 
ring pattern of triplets from the Podlasian Beds in the 
southern Baltic coastal region and from the Gedinnian
Eifelian Stages of Pol and as T. sehlotheimi. Neither her 
descriptions nor illustrations  prove that it belongs to 
Tentaculites sehlotheimi Koken. 

My investigations of the status of T. annulatus von 
Schlotheim led me to contact the Palaeontological 
Museum of the Humboldt U niversity of Berlin. To my 
surprise, they had two pieces of limstone with 
tentaculitids labelled as von Schlotheim's original mat
erial of T. annulatus, and these were placed at my disposal 
by courtesy of Dr. Hermann jaeger. The two pieces ,  
numbered Qu.Kat .T4 p .  703 , showed severaI tentaculitid 
specimens. In  a letter dated 30th March 1 976 ,  Dr. jaeger 
gives the following account of the derivation of the 
limestone pieces :  " In  the course of arranging the 
tentaculitoid collections in the museum, rock fragments 
with tentaculitids from von Schlotheim's collections were 
discovered. All pieces were accompanied with labels with 
the characteristic handwriting of von Schlotheim. These 
labels did not show any names of the fossils but on ly a 
reference to the plate and figure together with some 
comments that roughly agreed with the description 
found in von Schlotheim's Petrefaetenkunde ( 1 820 ) .  The 
limestone pieces are catalogued in F .  A .  Quenstedt's 
Catalogue which was compiled during 1 833-3 7 ,  i .e. im
mediately after the acquisition of Schlotheim's collection 
in 1 83 3 .  The pieces carry the number Qu. Kat. T4 , p .  703 
and they were catalogued under the name of Tentaculites 
annulatus Schlotheim Taf. 29 . 8 . "  

Comparison of the tentaculitids on  the two limestone 
pieces with von Schlotheim's figure ( 1 820 ,  Pl .  29 :  8)  
showed there to be little agreement either in the general 
features of the conchs or in the position and number of 
conchs . However, according to Dr. j aeger (personal 
communication) this discrepancy is not unique, for there 
are severaI examples where von Schlotheim's originals 
and their illustrations are quite different. 

In von Schlotheim's illustrations of Tentaeulites an
nulatus the two specimens in Fig. 8a show an annulation 
of equally spaced rings separated by wide interspaces 
with severaI annulets. The specimens on the limestone 
pieces exhibit quite another ring pattern because the 
rings are clearly in pairs. von Schlotheim reports that his 

specimens derive from Ubergangskalkstein in Gotland , a 
term, which by modern concepts would mean the entire 
older Palaeozoic, but the tentaculitid species on the two 
limestone pieces is not known in the Silurian fauna of 
Gotland , and the l ithology differs from known rock units 
there . The lithology can be described as a dark, bluish
grey calcarenite, partly mixed with marI, containing a 
significant amount of arenaceous material and displaying 
the same colour. The concomitant fauna is dominated by 
bryozoans, but these are unfortunately indeterminable . 
On ly one palaeocope ostracode has been found and it 
probably belongs to the genus BerolinelIa. This genus has 
not yet been described from pre-Downtonian rocks, 
although on Gotland representatives occur in the Sundre 
Beds at Hammarshagehallar 1 and probably also in the 
Hemse Beds at Grogarnsberget (A.  Martinsson, personal 
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communication 1 976) .  The preservation of the single 
ostracode specimen is unfortunately too poor for safe 
identification .  The remainder of the concomitant fauna 
consists of juvenile specimens of brachiopods which do 
not determine the stratigraphical level .  

I t  seems most  unlikely that  these tentaculitid specimens 
derive from Gotland. This conclusion is supported by the 
following. 

In 1 92 2 ,  Hede visited the Museum fur Naturkunde in 
Berlin and studied the specimens just discussed. In his 
notes from this visit the two limestone pieces resembles 
closely "the slim specimen from Dudley". He continues :  
" I f  these two specimens were the originals, the figures by 
von Schlotheim are very much idealized. The specimen 
depicted as b is not to be seen on the hand specimens" 
(translated from Swedish) .  In  my correspondence with 
Dr. H. Jaeger I have mentioned my doubts that the 
material in question derives from Gotland. In  a letter 
dated 3 rd May, 1 976 , Dr. Jaeger suggests that there is a 
possibility that this material may derive from Dudley, 
where von Schlotheim had obtained other fossil speci
mens. My own comparisons with tentaculitid material 
from Dudley show there to be certain s imilarities with the 
two specimens from Berlin, but as the tentaculitid fauna 
at Dudley is undescribed, this comparison cannot be 
regarded as sufficient. 

In view of the large discrepancies between von Schlot
heim's original description and illustration of Tentaculites 
annulatus and the specimens labelled as von Schlotheim's 
originals, it must be concluded that von Schlotheim's 
syntypes are sti l l  missing. The original description is too 
brief and incomplete to be used for a proper identifica
tion of the species, and consequently T. annulatus von 
Schlotheim must remain a nomen dubium. I t  would not 
help the nomenclature to erect a lectotype on the Berlin 
material while it cannot be proved beyond doubt that this 
is identical with von Schlotheim's original material. 

The first reliable reports on the occurrence of 
tentaculitids on Gotland were presented by Hisinger 
( 1 827, 1 828 , 1 83 1 ) . Hisinger ( 1 83 1 :  1 22 footnote) stated 
that T. scalaris was the mould of T. annulatus. The first 
well illustrated tentaculitid from the Swedish Silurian was 
described by Hisinger ( 1 837b, Pl .  3 5 :  2) as Tentaculites 
annulatus from the Burgsvik Beds at Hoburgen on Got
land . Hisinger did not quote any author for this species, 
which subsequently, has been referred to H isinger in 
severai pa pers as his (e .g .  Sowerby 1 83 9 ;  Schmidt 1 859 ;  
Gurich 1 896 ) .  The  figured specimen ha s  been found in  
the Hisinger collection a t  the Swedish Museum of  
Naturai History in Stockholm.  There is no  doubt that this 
specimen (Fig. 28A) is that figured by Hisinger, because 
it agrees in its total length, number of rings and overall 
shape with the original illustrations. When compared to 
von Schlotheim's ( 1 820 )  figures of T. annulatus, 
Hisinger's T. annulatus is quite similar to the two species 
at Fig. 8a in the even distribution of the rings and the 
wide interspace, but the proximal growth angle seems to 
be larger in Hisinger's specimen .  As discussed previously, 
the name of T. annulatus cannot be maintained for 
Hisinger's figured specimen, and it is described in this 
paper as Tentaculites hisingeri n.  sp. 

The earliest report on tentaculitids in Scania seems to 
be Hisinger's ( 1 840)  record of T. annulatus from Klinta. 

Sowerby ( 1 839 )  described two new species Tentaculites 
ornatus and T. tenuis, from the lower Ludlovian of the 
Welsh Borderland and uppermost .Wenlockian of Staf
fordshire, respectively, and the se names have frequently 
been recorded for the tentaculitids of the Oved-Ramsåsa 
Beds of Scania. Sowerby's material of  T. ornatus and T. 
tenuis was kindly made available by the Geological 
Museum, Institute of Geological Sciences in London .  
From this study it is clear that none of the two species 
occurs in Sweden. Sowerby gave a short generic descrip
tion for Tentaculites and was the first to comment upon 
the laminated structure of the tentaculitid conch ( 1 83 9 :  
628) .  I t  i s  interesting to note that h e  regarded Hisinger's 
( 1 837b) T. annulatus as a possible junior synonym of T. 
ornatus. Sowerby ( 1 839 )  also recorded T. sealaris von 
Schlotheim and T. annulatus von Schlotheim from the 
Caradocian,  but these identifications are most doubtful .  

McCoy ( 1 85 1 )  characterized the genus Tentaculites von 
Schlotheim and described three species ,  T. annulatus von 
Schlotheim, T. ornatus Sowerby, and T. tenuis Sowerby in 
some detai l .  The first description of longitudinal sculp
tural elements was given for T. annulatus. However, 
McCoy's determination was in fact carried out on an 
undescribed Caradocian species .  The longitudinal ele
ments, ribs in modern terminology, tend to be very well 
developed and characteristic for all late Ordovician 
tentaculitids and it i s  not so surprisingly that McCoy 
detected these ribs just in this species .  In  the description 
of T. ornatus, McCoy mentioned a further species, T. 
stnatocostatus, recorded as having been named by a Count 
Munster for specimens resembling T. ornatus. As neither 
description nor illustration of this species can be found in 
the literature this name must be regarded a nomen nudum. 
Judging from the specific name, it would have been 
founded on Ordovician material. 

B ronn ( 1 85 1-1 856)  examined the wall structure of the 
tentaculitoid conch and pointed out the obvious dis
similarities between the structures of tentaculitoids and 
crinoids ( 185 1- 1856 : 439 ) .  He noted similarities to 
pteropods ,  especially the horny lustre of the conchs in the 
two groups.  He also remarked upon the occurrence of 
oblique rings in the tentaculitids ( 1 8 5 1 -1856 :  440 ) .  
Quenstedt ( 1 852 )  gave a brief account of tentaculitids 
from Silurian erratics and figured specimens described as 
Tentaeulites sealaris von Schlotheim, T. annulatus von 
Schlotheim, and T. ornatus Sowerby. This paper is of 
special interest because one may assume that Quenstedt 
based his discussion on von Schlotheim's material which 
he had by then obviously curated (see p .  5 herein) .  The 
fact that he described (Quenstedt 1 852 : 3 9 1 )  and il
lustrated ( 1 852 ,  Pl .  3 5 :  29) T. annulatus as having paired 
rings, a feature which cannot be deduced from von 
Schlotheim's description or figures ,  supports this as
sumption. The dose affinity to Tentaeulites ornatus Sow
erby was emphasized. Tentaeulites sealaris (Quenstedt 
1 852 ,  Pl .  3 5 :  26-28 )  was reported to occur concomitantly 
in the same boulder material . Quenstedt paid special 
attention to the characters of the mould of the living 
chamber ( 1 852 ,  Pl .  3 5 :  28 ) ,  and he arrived at the conclu-



sion that the animal moved its soft parts in a distal 
d

-
irection during its growth. In a later edition of Quen

stedt's paper ( 1 867 )  the illustrations of T. scalaris had been 
somewhat changed, and the conchs in Figs. 2 7a-b show 
markedly curved proximal parts. However, this differ
ence was not commented upon in the text. 

Material from erratic boulders of Silurian age was also 
examined by Boll ( 1 856) ,  who recorded a species with 
rings in pairs as Tentaculites ornatus Murchison. It  is 
notable that he regarded T. scalaris von Schlotheim as the 
mould of this species. Boll  also introduced a new species, 
Tentaculites curvatus, for some other tentaculitids from the 
same boulders. This species was described as having a 
rapidly expanding conch with prominent, regularly 
spaced rings and a slightly curved proximal part. Un
fortunately, the species was not illustrated,  and no 
syntypes have been traced in spite of inquiries to severai 
museums. The name is herein regarded a nomen dubium. 
Z agora ( 1 969) regarded this species as synonymous with 
Tentaculites scalaris von Schlotheim, which possesses a 
fairly curved proximal part. I would tend to agree with 
this diagnosis. The stratigraphical leve! seems to be the 
same because in both cases the tentaculitids are reported 
to be associated with Nodibeyrichia tubereulata. This would 
then suggest a Podlasian age of the material (cf. Tom
czykowa & Witwicka 1 974) .  

Schmidt ( 1 858 )  mentioned some Silurian tentaculitids 
from Estonia. He reported Tentaculites annulatus von 
Schlotheim from the Jaani and Ohesaare Beds and T. 
ornatus from the Jaani Beds.  One species, Tentaculites 
inaequalis Eichwald, was mentioned from Ohesaare and it 
was compared to Quenstedt's ( 1 852 )  figure of T. an
nulatus. It should be mentioned,  though, that T. inaequalis 
was not described by von Eichwald until 1 860 (d'Eichwald 
1 860) ,  and then as Lonchidium inaequale. Schmidt ( 1 859)  
reported two species, T. annulatus Hisinger and T.  inae
qualis, from Gotland . T. annulatus was mentioned from 
Nas ( 1 859 :  439 ) ,  Narshamn ( 1 859 :  444 ) ,  and Kattham
marsvik ( 1 859 :  448 ) .  The species was referred to as 
characteristic for the "Conglomerate Beds", i .e .  the 
B urgsvik Beds. Tentaculites inaequalis was mentioned from 
Grotlingbo (Schmidt 1 859 :  442 ) ,  Narshamn ( 1 859 :  444 ) ,  
and Katthammarsvik ( 1 859 :  448) .  For  both species, 
Schmidt concluded that they were characteristic of the 
Ludlovian of Gotland . 

In 1 859 ,  Bol l  described a new species, Tentaculites 
walchii, from erratic boulders (Boll 1 859) .  B oll  stated 
( 1 859 :  1 63 )  that this species was conspecific w ith Walch's 
( 1 775 ,  Pl .  4: 5 )  tentaculitid species with rings in pairs. 
B oll 's description is very incomplete and lacks any illust
ration .  Neither has the original material been located so 
the name is considered a nomen dubium. Krause ( 1 877 )  
noted this species to  be  a synonym of T. inaequalis 
Eichwald . Boll  ( 1 859)  also mentioned T. curvatus Boll and 
T. annulatus von Schlotheim? It  is clear that Boll rec
ognized the taxonomy of the latter species to be unstable 
from his remarks that severai species had been described 
under the name of T. annulatus ( 1 859 :  1 63 ) .  

A s  already mentioned, d'Eichwald ( 1 860) introduced a 
new genus, Lonchidium. He distinguished this genus from 
Tentaculites by stating that Lonchidium belonged to the 
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pteropods,  but Tentaculites represented parts of crinoidal 
arms or to spines of productid brachiopods ( 1 860 : 1 04 1 ) . 
He described one new species with rings in pairs, 
Lonchidium inaequale, from Late Silurian beds on Ose!, 
Estonia, and at Kamenets-Podolsk in Podolia. Two other 
species with regularly spaced rings, L. aequale and L. 
approximatum, were described from the Devonian of the 
Caucasus, from material figured and brie fly described by 
Abich ( 1 850 ) .  von Eichwald's generic name Lonchidium 
has only very rare!y been used but, rather, his species 
have been referred to Tentaculites von Schlotheim (cf. 
Ljashenko 1 958 : 26 ) .  Karsten ( 1 869) used both names, 
writing T. (Lonchidium) inaequalis Eichwald in the text 
( 1 869 :39 ) ,  but Lonchidium (Tent. ) inaequale Eichwald in the 
caption to Table 1 2 :  7. The disrnissal of von Eichwald's 
generic name is not easily understandable because the 
name is valid . No type species has been designated to von 
Eichwald's genus.  The species described as Lonchidium 
inaequale definitely cannot be included in Tentaculites, and 
the other two species referred to Lonchidium differ con
spicuously from L. inaequale and belong either to Tentacu
lites or some other closely related genus .  I am designating 
herein (p .  86) Lonchidium inaequale as the lectotype of the 
type species of Lonchidium d'Eichwald. The emended 
generic diagnosis is given in the systematic part of this 
paper. Lonchidium inaequale d'Eichwald, like Tentaculites 
scalaris von Schlotheim ( = T. estonicus Ljashenko) ,  is 
characteristic of the Ohesaare Beds of Osel , Estonia. The 
genus is also well represented on Gotland and in Scania. 

In  severai of the papers mentioned previously, the 
question of the zoological affinity of the tentaculitoids 
was discussed.  In  the earlier works ,  tentaculitoids had 
been referred to a number of different phyla. von 
Schlotheim ( 1 820)  had regarded his two species T. scalaris 
and T. annulatus, as parts of crinoid crowns. The same 
two species were considered by Hisinger ( 1 827 )  to have 
been annelids or terebratulid brachiopods. The latter 
opinion was shared by Kloden ( 1 834 : 1 8 1 ,  1 83 ) .  How
ever, H isinger later ( 1 837a :  1 077 )  changed his mind and 
was more inclined to regard both species as spines of 
Echinus gyracanthus Eaton. However, by the second half of 
the 1 9th century the idea of affinity with pteropods 
seems to have become firmly established. Following Au
stin ( 1 845) ,  McCoy ( 1 85 1 )  attributed the tentaculitoids to 
the pteropods , an assignment which was supported by 
Bronn ( 1 85 1- 1 856) .  A pteropod affinity was clearly 
emphasized in two papers by Nicholson ( 1 872a, b). The 
straight, conical shape of the tentaculitoid conch and its 
free mode of life were criteria he pointed to as support 
for this theory. 

A different opinion was published by V ine ( 1 882 ) ,  who 
regarded the tentaculitoids as belonging to anne!ids. He 
redefined the genus Tentaculites, emphasizing particu
larly the lack of longitudinal morphological elements and 
cellular structure of the conch, in contrast to the genus 
Cornulites. That tentaculitids l ived unattached was stres
sed. Vine also defined some morphological elements of 
the conch ( 1 882 :379 ) .  Three new tentaculitid taxa were 
introduced ,  Tentaculites wenlockianus from the Wenlock
ian of Shropshire and T. multiannulatus, with T. tenuis 
Sowerby var. attenuatus, from the basal Ludlovian of 
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Shropshire. Because of their stringency, these descrip
tions contrast considerably with previous descriptions of 
tentaculitids. Records of T. ornatus Sowerby were given,  
and Vine pointed out some similarities between this 
species and T. annulatus as described by Hisinger ( 1 837b) .  
Vine's species belong to those Silurian tentaculitids which 
have frequently been reported from various parts of the 
Ordovician-Devonian sequences .  V ine's figures of T. 
wenlockianus ( 1 882 ,  Pl. 1 5 :  5, 6, 1 1 - 1 3 )  and T. multian
nulatus ( 1 882 ,  Pl .  1 5 :  7) show only small fragments of the 
conchs , which partly explains the many misidentifications 
in subsequent l iterature. Even in Vine's original collec
tion of tentaculitids, kept at B ritish Museum (N . H . )  in 
London ,  there are severai species mixed under the same 
name in the same slides. Thus, it cannot be deduced from 
these slides which of the specimens should be considered 
types of the species, especially as the various conch 
fragments are poorly preserved and show l ittle agree
ment with the published figures .  To provide a 
satisfactory basis for designation of lectotypes among this 
material , it is necessary to make new collections from 
Vine's type localities ,  in order that different, if closely 
related, species will not be mixed under one name. This 
applies particularly to the tentaculitids which Vine de
scribed as Tentaculites multiannulatus but which could 
undoubtedly include severai species. Vine's material of T. 
wenlockianus was examined, and it is concluded that this 
species does not in fact occur on Gotland or in  Scania, 
despite the many records of it in the literature. Whether 
the species described as T. multiannulatus occurs on Got
land is uncertain but the genus to which it belongs, 
probably Alternatus Ljashenko, is  well represented 
through the sequence. 

Occurrences of Silurian tentaculitids in North America 
were treated comprehensively by Hall ( 1 879 ) .  Notes and 
descriptions of thick-walled tentaculitoids had been given 
previously in a number of papers, such as Vanuxem 
( 1 842) ,  Mather ( 1 843 ) ,  Hall ( 1 843 , 1 84 7 ,  1 852 ) ,  Meek & 
Worthen ( 1 865) ,  Nicholson & Hinde ( 1 874 ) .  Most of the 
species described in these papers were considered by Hall 
( 1 879 ,  1 88 8 )  to be cornulitids . Some of the occurrences 

reported from the Silurian are now referred to the 
Devonian. Tentaculites minutus Hall from the Rochester 
Shale, T. niagarensis Hall and T. neglectus Nicholson & 
Hinde from the Clinton Group remain unquestionably 
Silurian species .  Unfortunately, practically nothing of 
im portance has been published on North American 
tentaculitids since Hall 's days, and consequently there is a 
large gap in our knowledge of the faunas .  The published 
figures and descriptions do not permit closer comparison 
between the North American species and those described 
from Gotland and Scania. Although some North Ameri
can species have been reported from Gotland, e .g . ,  by 
Chapman ( 1 90 l ) , such observations cannot be corrobo
rated in the present paper. 

The first account of the microstructures of the 
tentaculitid conch was given by Dewitz ( 1 883 ) .  He based 
his investigations on a species identified as Tentaculites 
ornatus Sowerby and found in erratic boulders in East 
Prussia. Dewitz' material should most likely be referred 
instead to Tentaculites scalaris von Schlotheim . Dewitz 

made observations on the morphology and 
microstructures of the conch wall and drew attention to 
small dark canals he believed to penetrate partly the 
conch wall .  These "canals" , which have been demon
strated to be optical phenomena (Blind 1 969) have subse
quently been regarded as an important taxonomic 
character (e . g . ,  Ljashenko 1 959 ;  Sherrard 1 967 ) .  

In the  first half of this century there were on ly a few 
new Silurian tentaculitids described and very few con
tributions made to the knowledge of their morphology. It 
IS not until Ljashenko's pioneer works on the 
tentaculitoids ,  the first of w hich was published in 1 953 , 
that new data emanated on this fossi l  group. However, 
there had been numerous referen�es to occurrences of 
tentaculitids in Si lurian strata. The following account 
deals only with those for Swedish Silurian beds, and 
includes the various notes from the later part of the 1 9th 
century . 

As al ready mentioned, H isinger ( 1 82 7 ,  1 82 8 ,  1 83 1 ,  
1 837a ,  b and 1 840)  was the first scientist to prove the 
presence of tentaculitids in Sweden.  The earlier note by 
von Schlotheim ( 1 820)  of Tentaculites annulatus from 
Gotland cannot be confirmed . Schmidt ( 1 859)  was the 
next to contribute to the knowledge of the tentaculitid 
fauna of Gotland.  Lundgren ( 1 874 ,  1 877 ) ,  Linnarsson 
( 1 875 )  and Tullberg ( 1 882a) mentioned T. tenuis Sowerby 
from Kl inta, Bjarsjolagård and Ramsåsa in Scania. Subse
quently, E ichstadt ( 1 888)  recorded T. tenuis Sowerby and 
T. ornatus Sowerby from the same areas. These two 
species were also recorded by Gronwall ( 1 897)  from the 
principal areas in Scania with late Silurian rocks .  The 
extensive faunal lists accompanying his records make this 
paper still a key reference for the Oved-Ramsåsa Beds in 
Scania. Cha pman ( 1 90 l )  recorded a tentaculitid fauna 
from the Mulde brickyard on Gotland. The species l isted 
were Tentaculites elongatus Hall ,  T. tenuis Sowerby, T. 
wenlockianus Vine, T. ornatus Sowerby, and T. multian
nulatus Vine. The present study has not confirmed the 
presence of any of these species at that locality or indeed 
anywhere else on Gotland. Munthe ( 1 902 ) mentioned T. 
annulatus von Schlotheim from the Lau area on Gotland. 

Tornebohm & Hennig ( 1 904 )  recorded T. tenuis Sowerby 
from Kl inta. A new locality and ·stratigraphical horizon 
with tentaculitids in Scania was described by Moberg & 
Tornqvist ( 1 908 ) ,  who mentioned T. tenuis from 
Lerberget at Roddinge in  beds belonging to the 
Cyrtograptus Shale. These tentaculitids are described as 
Dicricoconus tenuissimus (Hede) in the present paper. 
Moberg & Gronwall ( 1 909 :  8-46) encountered the youn
gest occurrence so far of tentaculitids in Sweden, from 
the Ramsåsa area in Scania where T. tenuis Sowerby and 
T. annulatus were recorded from several localities .  For the 
first time these authors gave a rather full description of 
Swedish tentaculitids, with important notes on their 
morphology and a discussion of terminological matters 
( 1 909 :46-47) .  Of special interest is  their discussion on the 
numerous misidentifications of tentaculitid species in 
previous literature . Unfortunately , they themselves did 
not succeed too well at identifying their material ,  as may 
be seen from their collections housed at the 
Palaeontological Department in Lund. In  their historical 



survey , they regarded von Schlotheim's material of 
Tentaculites scalaris as having been derived from Gotland. 
Further, they pointed out the presence of Devonian 
species among von Schlotheim's specimens described as 
Tentaculites annulatus. Tentaculites ornatus Sowerby is 
stated to be conspecific with T. annulatus described and 
figured by Hisinger ( 1 837b) ,  to which description they 
added some characters. They were inclined to regard T. 
ornatus Sowerby as an end member of the specific varia
tion of T. tenuis Sowerby. In addition, T. inaequalis d'Eich
wald was considered to belong to T. tenuis. Their assump
tions cannot be corroborated by the present study. 

van Hoepen ( 1 9 1 0 )  reported T. wenlockianus Vi ne and 
T. multiannulatus Vine from Mulde Tegelbruk l ,  

although no descriptions of the species were submitted. 
Hede ( 1 9 1 5 , PI .  3 :  1 3 )  figured and described as Tentacu
lites sp.  a minute bent shell from the basal Colonus Shale at 
Smedstorp, Scania, however, the state of preservation of 
the material does not perrnit such a designation.  In 
additional material collected from that locality, no shells 
of this shape have been encountered but minute pyritized 
orthoconic nautiloids are abundant. 

In  Hede's subsequent pa pers on the Silurian of Got
land and Scania, tentaculitids are frequently recorded 
and, in two cases ,  also described .  Tentaculites wenlockianus 
Vine was described by Hede ( 1 9 1 7 ) from a locality south 
of Klintehamn, Gotland , in beds now referred to as the 
Slite Beds .  In the present paper this tentaculitid is 
described as Dicricoconus clintianus. Hede ( 1 9 1 9a) briefly 
described a minute species,  Tentaculites n.  sp. in a foot
note, but did not figure it. The species was recorded from 
a num ber of localities along the west coast of the Nas 
peninsula. The present study has proved this species to 
be conspecific with Dicricoconus tenuissimus (Hede). The 
same species was described in Hede ( 1 9 1 9b :  1 29-1 30 ,  PI. 
5 :  6 )  from the Colonus Shale at Skarhult, Scania. Another 
species ,  Tentaculites cf. ornatus Sowerby was also 
mentioned from this locality . I t  is described herein as 
Odessites geretiensis. In his description of the B urgsvik 
bore hole, Hede ( 1 9 1 9c) logged severaI tentaculitids in the 
core sequence . Tentaculites inaequalis d'Eichwald and T. 
ornatus Sowerby were recorded from the B urgsvik Beds 
and Tentaculites n .  sp .  from the Hemse B eds. These 
tentaculitids are described as Odessites portensis, Tentacu
lites hisingeri and Dicricoconus tenuissimus, respectively, in 
this paper. 

In the c1assical account by Hede ( 1 92 1 )  of the geology 
of Gotland , the stratigraphical significance of the 
tentaculitids was c1early demonstrated. Tentaculitids 
were recorded through the Tofta Beds up to the top of 
the Hamra Beds .  Hede noted six new species designated 
Tentaculites n .  sp. 1 -6 ,  T. multiannulatus Vine, T. wenlock
ianus Vine, T. annulatus Schlotheim, and T. inaequalis 
d'Eichwald.  Hede ( 1 925a)  added T. scalaris Schlotheim to 
the species listed above . This species ,  which was reported 
from the B urgsvik Beds,  probably corresponds to T. 
hisingeri as described here. In the descriptions ac
companying the geological map sheets of Gotland 
(Munthe 1 92 1 b ; Hede 1 925b,  1 927a ,  1 927b ,  1 928 ,  1 929 ,  
1 93 3 ,  1 936 ,  1 940) ,  all the species mentioned above were 
recorded from man y localities .  Not until recently, when 

S ilurian tentaculitids from Gotland and S cania 9 

Hede's collection of tentaculitids became accessible, was it 
possible to check Hede's identifications .  Although the 
specific names are incorrect for the Gotland tentaculitids 
and within the species named were also included severaI 
other species ,  Hede's range chart ( 1 92 1 ,  PI. l )  gives a 
good indication that tentaculitids could be usefu l  for 
vertical zonation.  

Since Hede's pa pers mentioned above , few notes on 
the distribution of Swedish tentacu litids have been 
published, and no further species have been recorded. 
The species reported in later pa pers are merely repeated 
from earlier literature ;  e . g. in Hede ( 1 958)  when T. 
inaequalis and T. scalaris were recorded from the Oved
Ramsåsa Beds in  Scania and in Hede ( 1 960)  when some 
occurrences of tentaculitids on Gotland was reported. 

Swedish tentaculitid material was used by Bøggild 
( 1 930 ,  PI. 1 3 :  2 ) ,  who demonstrated the lamellar, calcitic 
structure of the conch.  Fisher ( 1 962 ,  Fig. 55 )  figured 
tentaculitids from Mulde, and B lind ( 1 969) obviously 
based his work mainly on Scanian material but without 
glVJng any information on sampled localities or 
stratigraphical levels .  

In this context some words must be mentioned about 
Hede's tentaculitid studies .  

The late ] .  Ernhold Hede's  interest in tentaculitids was 
not confined to the listing of  various species at different 
localities .  He started early on to investigate this group in 
detail and obviously plan ned a monographic description 
of the Silurian tentaculitids from Gotland and Scania. 
There have been found vast collections, notes, thin-sec
tions, figured specimens and mounted plates which he 
kept in his office at the Palaeontological Department in 
Lund. Most of the laboratory work preliminary to the 
compilation of manuscript seems to have been finished in 
the early 1 940s .  For some reason the work ceased. Early 
in my research I was informed about Hede's interest in 
tentaculitids ,  but unfortunately I did not get the chance 
to examine his material nor for discussion with him. Not 
until December 1 977  did I get access to Hede's collec
tions,  through the courtesy of Professor G .  RegneIl . The 
material is extremely comprehensive, and I have by no 
means been able to check it all fully. However, I found no 
indication that I have overlooked taxa, obtained incorrect 
ranges for the species or missed important facies. On the 
contrary , his  material chiefly supports my own results .  
The difference between Hede's material and my own lies 
in the state of preservation and the origin of the samples. 
Hede mainly collected well-consolidated slabs with more 
or less intact tentaculitids ,  while I mostly used mari 
samples with a fairly high percentage of broken conchs .  
In some cases it has been desirable to use his material as 
type material. Some of Hede's drawings and thin-sections 
are included in the present paper. The generally excel
lent quality of Hede's tentaculitid material from many 
localities not visited for this study makes it highly valuable 
for future studies of the tentaculitid faunas of Gotland 
and Scania. Hede's collection of tentaculitids from other 
areas, such as Norway, England and North America, has 
been important for reference purpose in the present  
study. 

I t  was stated at the beginning of this chapter that the 
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modem phase in tentaculitoid researeh was initiated by 
Ljashenko in her 1 953 paper. Her many pa pers provide a 
modem and comprehensive deseription of the 
morphology, taxonomy, ecology and stratigraphy of 
principally Devonian tentaculitoids, both thick- and thin
walled. We owe much of our present knowledge of 
tentaeulitoids to her contributions,  and for understand
ing of tentaculitoid morphology and systematies her 
papers of 1 956 ,  1 957b,  1 957c ,  1 959 and 1 969a-d are 
indispensable. In Ljashenko ( 1 958) ,  T. ornatus Sowerby, 
T. nikiforovae n. sp . ,  T. gyracanthus (Eaton) ,  T. russiensis n .  
sp . , T. estonicus n .  sp .  and  T.  inaequale (Eiehwald) were 
described from the Silurian of Estonia and Podolia. In  
her paper ( 1 969a) more Silurian tentaculitids ,  Podolites 
rugosus n. sp . , Sokolites zagora n. sp .  and Parvulites 
raschkovensis n. sp . , were deseribed. In her 1 969 papers 
severai new tentaculitoid genera were established. I t  is 
questionable whether all these new genera can be 
justified because for severai no generic diagnoses were 
given nor have appeared sinee. Some of these new genera 
are probably junior synonyms of previously deseribed 
tentaculitoid genera. 

A general aceount of the morphology, palaeoecology 
and classification of tentaculitoids was given by Fisher 
( 1 962) .  He introduced a new class , Cricoconarida, to 
include tentaculitids,  nowakiids and styliolinids. Two 
orders were distinguished:  Tentaeulitida for the thick
walled forms, and Dacryoconarida for the thin-walled 
forms. 

In 1 964 , Boucek produced a monograph of the Devo
nian tentaculitoids of Bohemia (Boucek 1 964 ) .  The 
monograph is also comprehensive on the general 
morphology, palaeoecology and classification of 
tentaculitoids .  Thus, although no Silurian or thick-walled 
tentaculitoids were described, many of Boucek's state
ments are relevant to the present study. Another key 
reference for all tentaculitoid studies is the monograph 
by Lardeux ( 1 969) .  He also limited his study mainly to 
Devonian material, but his treatment of the morphology 
of thick-walled tentaculitids was indispensable for the 
present study where his taxonomic scherne has been 
largely adopted. Lardeux figured and described two 
Silurian speeies, Tentaculites ornatus Sowerby ( 1 969 :  42-
43 , PI.  1 4 :  1 -3 ;  Figs. 25-26)  and T. tenuis Sowerby ( 1 969 :  
53 ,  P l .  1 3 :  5-6) ,  and important notes on T.  scalaris von 
Schlotheim and the questionable speeies T. schlotheimi 
Koken ( 1 969 :  46)  were given. 

B lind ( 1 969) introduced a new hypothesis when he 
referred the tentaculitids to the molluscs, close to the 
cephalopods . The inferred relationship to molluscs was 
largely based on the assumed discovery of an operculum 
covering the apertural end of a tentaculitid which was 
obtained from some undescribed locality in Scania or on 
Gotland . SEM studies of the coneh wal l  a lso contributed 
to B lind's placing of the tentaculitids among the molluscs . 
His interpretation has subsequently been accepted by 
other authors , e .g. Hajfasz ( 1 97 1 )  and Brassel et al. 
( 1 97 1 ) . In  a recent paper, B lind & Stiirmer ( 1 977 )  
maintained the idea of a close relationship to  the 
cephalopods, and they also described some structures 
believed to be remnants of soft tissues .  B lind's hypotheses 

are undoubtedly based on weak evidenee and will be 
commented upon further in later ehapters. 

Recently, thick-walled tentaculitoids have played a 
more dominant role in stratigraphical accounts from 
Europe . Hajfasz ( 1 968)  described a number of 
tentaeulitids from Lower Devonian strata in a bore hole in 
central Poland, and subsequently ( 1 974) presented a 
large work on late Silurian-Devonian tentaculitoids taken 
from abundant subsurface material in Poland . In the 
latter work (Hajfasz 1 974)  the late Silurian (Podlasian) 
speeies described were ?Tentaculites schlotheimi Koken, T. 
scalaris Schlotheim, T. inaequalis (Eichwald), T. tenuis 
(Sowerby) ,  T. lebiensis Zagora, T. abnormis n. sp .  and 
Tentaculites sp A. Some of these determinations are un
doubtedly incorrect. A remarkable oceurrence of Now
akia sp .  and Viriatellina sp .  was also reportecl from these 
beds .  

Z agora's ( 1 969) revision of Tentaculites scalaris von 
Schlotheim was very welcome and is of great importance 
for the stabil it y of tentaculitid taxonomy. In  1 972 he 
described a new s peeies, Tentaculites lebiensis, from late 
Silurian beds in the bore hole Leba l (Z agora 1 972 ) .  
Severai speeies were subsequently deseribed (Zagora 
1 974)  from museum collections which partly derived 
from Gotland . These speeies included Podolites peregrinus 
n. sp . ,  Odessites cf. tenuis (Sowerby) ,  Alternatus multian
nulatus (Vine) ,  Tentaculites n. sp .  A, Tentaculites n. sp .  B ,  
Tentaculites n . .  sp .  C ,  and T. wenlockianus Vine. Most o f  his 
figured speeies oceur on Gotland, except for Podolites 
peregrinus n. sp . ,  but none of the names can be retained 
and the rest belong to hitherto undescribed speeies. 

Outside Europe there have been few recent studies on 
Silurian tentaculitid faunas .  In  Australia, Sherrard 
( 1 967)  described a fauna from New South Wales which 
included speeies referred to as Tentaculites ornatus Sow
erby and Volynites russiensis (Ljashenko) . Important notes 
on their classification and ecology were given .  

The ecology of tentaculitids has received Iittle attention 
in the previous literature . The few notes available derive 
from discussions on the affinity of  the tentaculitoids ,  e .g .  
Fisher ( 1 962 ) ,  B lind ( 1 969) ,  Berger ( 1 974 ) gives a 
lengthier account based on observations of material col
lected in Podolia. Some of his theories are disputable. 
Erdtmann & Voder ( 1 974) and Voder & Erdtmann 
( 1 975 )  lodged an entirely new hypothesis on tentaeulitids 
when they inferred a dimorphism among the Devonian 
speeies Tentaculites bellulus Hall and T. altenuatus Hall .  
This is a controversial theory based on ratios eomputed 
from disputable measurements of ring sizes. However, 
their papers form a most welcome first contribution to 
the revision of the North American tentaculitoid faunas .  

Geology of the areas 

Gotland 

An excellent reVlew of the geology of Gotland was 
presented by Laufeld ( 1 974b :  7'- 1 3 ) ,  and no new observa
tions have emerged from the present investigation whieh 



could revise this concept of the geology. On the contrary , 
the tentaculitid faunas largely corroborate the stratigra
phical scherne outlined in Hede's many pa pers and the 
results of the studies on palaeocope ostracodes (Martins
son 1 962 ,  1 967)  and chitinozoans (Laufeld 1 974b) .  The 
stratigraphical distribution of the se three fossil groups 
and the zonations that may be deduced from them are 
not identical .  Discrepancies certainly relate to differences 
in palaeoecology and groupings of appearances and 
extinctions. One of the intentions behind the current 
investigations on Gotland is to arrive at a revision of the 
stratigraphical subdivision of the Silurian sequence of 
Gotland , and yet not to anticipate this by stratigraphies 
based on ranges within a single phylum. The current 
concept of the stratigraphic division of the Silurian of 
Gotland is shown in Fig. l .  

Scania 

A review of the Silurian of Scania was presented by 
RegnelI ( 1 960) .  Much important new information has 
emerged since then (e .g . ,  Martinsson 1 96 7 ;  Jeppsson 
1 974 ; Laufeld et al. 1 975 )  that partly modifies partly 
corroborates earlier findings . A new detailed review of 
the Silurian stratigraphy of Scania will be given.  This is 
important for understanding the distribution of 
tentaculitids in various facies and their responses to 
different ecological parameters. I t  will make easier the 
comparison with the tentaculitid occurrences in the 
Silurian of Gotland that appear in later chapters of this 
paper. The following account is slightly biased towards 
the late Ludlovian-early Downtonian parts of the sequ
ence because these parts have yielded the Scanian 
tentaculitid faunas described here. 

The Silurian of Scania com prises the whole system, 
from the base to the top. I t  is traditionally divided into 
four units: in ascending order, the Rastrites, Cyrtograptus, 
Colonus and Oved-Ramsåsa Beds,  generally referred to as 
Iithostratigraphical units, e .g . ,  the Colonus Shale (Fig. l ) . 

This is not a subdivision satisfying modern concepts and 
needs, as has been pointed out by severai authors (Waern 
1 960 : 1 2 7 ;  RegnelI 1 960 :  26, 29 ;  Laufeld et al. 1 97 5 :  
208) .  None o f  the index graptolites of the lower three 
units has an adequate vertical range, and also these 
graptolites occasionally occur very rarely. Waern ( 1 960) 
advocated abandoning the term Rastrites Shale, and 
therefore introduced four stages for the L1andoverian 
part of the sequence : in ascending order, the Bollerup ,  
Silvberg, Klubbudden and Kullatorp Stages.  The 
Cyrtograptus and Colonus Beds still await division into 
stages.  

There are severai reasons why the Silurian of Scania is 
known in less detail than the corresponding sequence of 
Gotland. The most important is undoubtedly the tectonic 
deformation in Scania, which is responsible for parts of 
the sequence being unaccessible, and has given a "spott y" 
appearance to the bed rock. The sequence is mostly 
concealed by a thick overburden of Quaternary deposits. 
For this reason the outcrops are few and widely scattered. 
Besides, the Silurian lithologies of Scania, which are 
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predominantly in shale and mudstone facies in the 
L1andoverian ,  Wenlockian and most of the Ludlovian, 
the great thicknesses of some series and the facies-control 
evident in th� faunas, make the Scanian Silurian some
what less suitable for detailed studies than Gotland. 

The Silurian of Scania is mainly composed of graptoli
tic shales except for the very top of the sequence, where 
mudstones, marIstones, l imestones and sandstones pre
dominate .  A detailed correlation with the carbonate 
sequences of  Gotland has been difficult but during the 
last decades, new data have emerged primarily from 
studies on palaeocope ostracodes, chitinozoans and con
odonts, and consequently the chances of  correlations 
have improved, especially in the youngest part of the 
sequence. 

Our knowledge of the L1andoverian and Wenlockian 
of Scania is based on numerous papers published some 
hundred years ago (Tullberg 1 882a ,  1 882b, 1 88 3 ;  Torn
qvist 1 8 7 5 ,  1 9 1 3 ) .  Similarly with the upper Ludlovian
lower Downtonian strata, the Oved-Ramsåsa Beds were 
treated comprehensively by Eichstadt ( 1 888 ) ,  Gronwall 
( 1 897)  and Moberg & Gronwall ( 1 909) .  All these students 
had the advantage of localities being much more acces
sibie than they are today. Modern works on the late 
Silurian sequence include the pa pers by Martinsson 
( 1 962 , 1 967 )  on palaeocope ostracodes, Mori ( 1 969) on 
stromatoporoids, and Jeppsson ( 1 974) on conodonts. 
The last paper also gives an account of the 
palaeogeographical setting of the area and the nature of 
sedimentation of the Oved-Ramsåsa Beds .  Research on 
the two lowermost units was reviewed by Laufeld et al. 
( 1 975 ) ,  who also designated the boundary between the 
Cyrtograptus and Colonus Shales. 

Silurian rocks in Scania occur in a diagonal strip 
striking NW-SE and situated within the intracratonic 
Oslo-Scania-Baltic depression (Størmer 1 967 : 209-2 1 0 ,  
Figs. 2 1-22 ) .  More precisely, the Silurian forms the 
principal bed rock surface in the central part of Scania. It 
occurs in a 1 0  to 1 5  km wide and 1 00 km long zone 
extending from the Simrishamn area in the south-east to 
the area south of Soderåsen in the north-west, where it 
dips beneath Mesozoic rocks and then reappears in a 
Iimited area at Nyhamnslage (Fig. 2 ) .  Silurian rocks are 
also exposed on the north-western slope of Romeleåsen 
in the Lund area. In subsurface investigations, Silurian 
shales have been recorded in severai deep wells to the 
south-west of a line Malmo-Smygehuk in  southernmost 
Scania. The top of the Silurian in the wells drilled he re 
occurs at depths varying from 1 7 1 9  to 2 148 m below 
sea-Ievel .  Between the Malmo-Smygehuk line and 
Romeleåsen, Palaeozoic rocks seem to be mostly or en
tirely missing; this has been indicated by extensive seismic 
investigations and by four deep wells in which Mesozoic 
rocks were found to rest directly on the Precambrian 
basement. 

Faulting has play ed an important role in the distribu
tional pattern of the Silurian as well as the earlier 
Palaeozoic rocks. In the subsurface rocks of south-west
ern Scania, the general tectonic picture is a series of 
faulted blocks displaced along NW-SE and NNE-SSW 
lines and tilted in various directions .  This tilting has 
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Fig. 1 .  The Silurian stratigraphy of Gotland and Scania, and the 
correlation with the standard British graptolitic and shelly 
successions. Mainly after Martinsson 1 967 (Gotland, Scania), 
and Laufeld et al. 1 975 (Scania ) ;  conodont zones from Jeppsson 

1 974 and 1 979 .  Minor breaks in the sequence are not indicated. 
Numerical subdivisions of the Oved-Ramsåsa Beds from Gron
wall 1 897 (left) and Eichstadt 1 888  (right). 
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Fig. 2 .  Simplified geological map of Scania showing the sample 
localities (filled circles) with their code names, and additional 

resu lted in the different amounts of erosion of the u pper 
Silurian which can be clearly seen in the sections 
penetrated by deep wells . This tilting and erosion must 
have occurred in late Palaeozoic time because there are 
more or less horizontal Mesozoic rocks which rest dis
cordantly on various parts of lower Palaeozoic rocks or on 
the crystalline basement. The age of the youngest 
Silurian beds from the deep wells is not precisely known 
because of the shortage of fossil evidence from the core 
material. So far, the only dated material available is from 
the sequence at Ljunghusen l where the chitinozoans 
indicate that the youngest beds along to the lowermost 
part of the Cyrtograptus Shale, i . e .  the M. crenulatus zone 
(Sven Laufeld, personal communication 1 978 ) .  The up
permost Silurian shales in this  bore hole are strongly 
weathered, a phenomenon also observed in the cuttings 
from other bore hoIes. The deep weJls penetrating into 
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localities which are discussed in the text (open squares). For 
description of localities, see Appendix. 

Silurian beds show no evidence of any beds of post-Col
onus age and with lithologies similar to the sediments of 
the Oved-Ramsåsa Beds .  In  this  context it is worth 
mentioning that late Silurian beds with faunas and lith
ologies resembling those of the Oved-Ramsåsa Beds and 
the upper part of the Colonus Shale in Scania have been 
encountered in two deep weJls further to the west, in 
Denmark, at Nøvling l ,  at depths between 3535  and 3 762 
m (Christensen 1 97 1 a, 1 973 )  and Rønde l ,  betweeen 
4970 and 5300 m (Christensen 1 97 1 b, 1 973 ) .  From the 
former well severai tentaculitid species were reported 
from various leveIs .  One specimen was figured (Christ
ensen 1 97 1  a ,  Pl .  2 :  5) but the iJlustration does not perrnil 
specific determination.  I t  i s  likely that the late Ludlovian 
and possibly early Downtonian beds have had a wide 
distribution before the onset of the post-Silurian erosion. 

The Silurian sequence is considerably thicker in Scania 
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than in other areas of Sweden. The total thickness is not 
known accurately, because of the faulting of the beds and 
the limited amount of exposure. RegneJl ( 1 960 : 26 )  
estimated a total thickness of 1 000-1 500 m ,  which is 
corroborated to a certain extent by the values obtained 
from the deep wells in SW Scania. I t  i s  obvious that 
tectonic subsidence and a prolific influx of argillaceous 
material from the Precambrian shield area favoured the 
relatively fast accumulation of thick sequences of sedi
ments. A climax in sedimentation rate seems to have been 
reached during the deposition of the Colonus Shale, 
which is estimated to form more than half of the total 
thickness of the Silurian. In late Ludlovian-early Down
tonian time shallow-water conditions prevailed, with 
carbonate sedimentation and growth of biostromes, a 
prolific algal flora and a rich marine fauna.  The youngest 
sediments are represented by regressive sandstones of 
red bed type. 

The four main units will be looked at in more detail . 
The lowermost one, the Rastrites Shale, is composed 
chiefly of black shales interstratified with occasional beds 
of grey shale especially in the uppermost part. Some very 
thin be ds of dark calcilutites occur in the lower part of the 
unit. The upper part has a number of metabentonite 
horizons. The Rastrites Shale of Scania is very complete 
and part is very rich in graptolites .  I ts thickness has been 
estimated to vary between 40 and 1 2 0  m (RegnelI 
1 960 :26 ) .  It  and the lowermost graptolite zone of the 
superimposed Cyrtograptus Shale form the Llandoverian 
sequence. 

The Cyrtograptus Shale apart from its lowest graptolite 
zone, together with the P. ludensis zone of the Colonus 
Shale, com prise the Wenlockian sequence (Laufeld et al. 
1 975 ) .  The predominant lithology is shale, grey to black 
or, occasionally, brownish to greenish. Lenses and thin 
beds of grey to yellowish, dense limestone occur fre
quently. There are local developments of dark muds
tones and of thin metabentonite layers, especially in the 
lowermost part of the Shale (Hede 1 958 : 79 , 3 1 9) .  There 
is a lateral change in the facies from SE to NW; the 
limestone inclusions which are common in SE Scania 
(Moberg 1 9 1 0 :  1 66 ;  Laufeld et al. 1 97 5 :  2 1 2 )  are missing 
in the area north of Lund (Ostra Odarslov) . The 
Cyrtograptus Shale of the Ostra OdarslOv area is lighter in 
colour than that in south-eastern Scania (Laufeld et al. 
1 97 5 :  2 1 2 ) .  The series is generally fossiliferous,  with 
graptolites predominant and abundant. The mixed 
graptolitic and shelly fauna at Smedstorp which had been 
tentatively referred to the Cyrtograptus Shale (Hede 1 9 1 5 ) 
is now considered, on good evidence, to form the base of 
the Colonus Shale (Laufeld et al .  1 975 ) .  Laufeld et al. 
( 1 975 )  als o defined properly the contact between the 
Cyrtograptus and Colonus Shales. The total thickness of the 
Cyrtograptus Shale is estimated to be about 1 00 m (RegnelI 
1 960 :  2 7 ;  Lindstrom 1 97 1 :  435 ) .  

The Colonus Shale is considered to  constitute more 
than half the total thickness of the Silurian in Scania. 
Un  fortunately a re lia ble figure cannot yet be given for its 
thickness because the upper contact with the Oved
Ramsåsa Group has never been recognized, nor have 
post-scanicus zones. Various estimates have been made : 

1 1 00 m (Tullberg 1 882a :  1 4 ,  1 883 : 223 ) ,  600 m (Hede 
1 958 : 68 ; RegnelI 1 960 : 30 ) ,  700 m (Lindstrom 1 97 1 :  
425 ) .  The Colonus Shale mainly com prises light-grey , 
greenish, bluish or reddish micaceous shales which are 
occasionally rather calcareous .  Frequent thin beds of grey 
limestone are intercalated with the shales. The base of the 
series is composed of olive-grey, calcareous ,  slightly silt y 
mudstone as observed at Ostra Odarslov (Laufeld et al. 
1 975 ) .  According to Laufeld et al. ( 1 975 )  the lithology of 
this basal unit and its graptolitic and shelly faunas to
gether indicate a shallower marine environment than is 
indicated by the purely graptolitic faunas (Laufeld et al. 
1 97 5 :  220 ) .  Units deposited up to the end of nassa/dubius 
time are characterized by slow and in part rhythmic, 
deposition of dark muds which have rich organic content 
and planktic organisms. The overlying sediments mark a 
lowering of the sea level and in increased rate of 
sedimentation (Laufeld et al .  1 97 5 :  220 ) .  The basal beds 
at Ostra Odarslov and Smedstorp have a lower organic 
content but more benthic organisms than the Rastrites 
and Cyrtograptus Shales. The unit has further indications 
of shallow-water conditions .  At some places there occurs 
an even-grained, brownish to brownish grey siltstone or 
fine sandstone, occasionally strongly micaceous and 
calcareous .  This lithological unit, 'the Odarslov Sands tone 
(which rather should be called the Odarslov Siltstone) ,  is 
very poorly fossiliferous,  and its stratigraphical position 
within the series is  still uncertain. Mixed graptolitic and 
shelly faunas occur at severai localities ,  some of which 
have thin beds of limestone intercalated with the shale. 
The localities include Tosterup and Tolånga with the 
so-called Pterochaemia Shale, and Roddinge and Skarh ult .  
The two latter localities are important because the y have 
the earliest tentaculitid faunas so far encountered in 
Scania. The su pposed minute tentaculitid reported at this 
level at Smedstorp (Hede 1 9 1 5 ) turns out to be an 
indeterminable conical-shaped organism with no affinity 
to tentaculitoids .  The whole of the Colonus Shale, apart 
from its lowermost graptolite zooe belongs to the Ludlo
vian Series .  

The youngest Silurian beds in Scania are grouped as 
the Oved-Ramsåsa Beds. This sequence consists chiefly of 
marine shallow-water sediments which ,  in the upper part, 
are regressive in type . The various members of the 
Group are exposed in three principal areas, around 
Klinta, Oved-Bjarsjolagård and Ramsåsa (Fig. 2 ) .  The 
Oved-Ramsåsa Beds were divided by Gronwall ( 1 897)  
into four lithostratigraphical units termed, in ascending 
order, numerical divisions 1 -4 ,  and this division is still in 
use (cf. Jeppsson 1 974 ) .  Eichstadt ( 1 888 )  had earlier used 
a six-fold division of the unit .  Lithostratigraphical names 
were als o introduced by early students. In  1 84 1 ,  H isinger 
introduced the name Oved Sandstone (Oveds sandsten ) for 
the red sandstone at Ovedskloster (Hisinger 1 84 1 ) . Tull
berg ( 1 882a :  1 3 )  introduced names for the three units 
recognized below the Oved Sandstone, in descending 
order, the Klinta Limestone and Shale (Klinta kalk och 
skiffer) ,  Karrtorp Sandstones (Kiirrtorp sandstenar) ,  and 
Bjarsjolagård Shale and Limestone (BjiirsjOlagård skiffer 
och kalk ) .  These u nits together with the Oved Sandstone 
were subsequently defined properly by Tullberg ( 1 882b :  



2 5-28 ) .  These names have been l ittle used in later papers 
dealing with the Oved-Ramsåsa Beds,  and the names of 
the two middle units seem to have been dropped entirely 
(RegneJl 1 960 ,  Table I l l ;  Jeppsson 1 974) .  Lith
ostratigraphical names of modern type have been used, 
e .g . , Klinta Formation (Jeppsson 1 974 ) ,  but their de fin i
tion is  vague or non-existent. I t  i s  clear that proper 
lithostratigraphical names defined according to modern 
stratigraphical principles are needed for the Oved
Ramsåsa Beds. Advantage should be taken of the severaI 
cored boreholes and the monographs on important fossil 
groups which together provide better stratigraphical gui
dance now than the early students had. 

Few biostratigraphical subdivisions have so far been 
recognized . For palaeocope ostracodes (Martinsson 
1 967) ,  three faunas were proved and two inferred to be 
represented in the Oved-Ramsåsa Beds.  These faunas 
were correlated with faunas from Gotland and other 
European and North-American areas. In  a recent pa per 
(Martinsson 1 976b) palaeocope faunas from the Oved
Ramsåsa Beds were discussed in relation to late Silurian 
ostracode faunas of Baltoscandia and especially those 
associated with the "Beyrichienkalk problem" . J eppsson 
( 1 974) distinguished seven conodont faunas in the Oved
Ramsåsa Beds and correlated them with international 
time units and the local topo- and lithostratigraphical 
units in Scania and Gotland (Jeppsson 1 974 : 7-1 2 ,  Fig. 
6 ) .  

The lowermost member of the  Oved-Ramsåsa Group, 
unit 1 sensu Gronwall ( 1 897 ) ,  is composed of grey , bluish 
or yellowish grey, calcareous shales. These shales are 
strongly micaceous in the lower part. Lenses of grey or 
reddish grey limestone occur frequently. At Bjar
sjolagård a large limestone lens which has yielded a 
prolific fauna and flora has been quarried. The early 
students of the Oved-Ramsåsa Beds distinguished two 
sub-units, 1 a and 1 b (Gronwall 1 897)  or three subunits, 
1 -3 (Eichstadt 1 888 ) .  The former division was based on 
work in the Bjarsjolagård area, the latter in the K linta 
area. These subdivisions seem to be corroborated to some 
extent by studies  of palaeocope ostracodes (Martinsson 
1 967)  and conodonts (Jeppsson 1 974 ) .  Likewise the 
tentaculitids ,  although the stratigraphical control of most 
of the samples s tudied does not perm it exact delimitation 
of the subunits. The lower boundary of subunit 1 with 
the Colonus Shale has not yet been defined because this 
contact is  nowhere exposed nor has been proved in 
bore hoIes. 

Subunit 2 (Gronwall 1 897) ,  is white and yellow sand
stones. These sandstones are almost barren of fossils , 
having only some poorly preserved bivalves and obscure 
plant ( ? )  remains (Tullberg 1 882a :  1 3 ,  1 882b :  25 ) .  

Subunit 3 (Gronwall 1 897)  consists of bluish grey or 
reddish gre y to red calcareous shales with occasional thin 
beds of limestone. The grey colour is confined to the 
basal layers which are nowadays accessible principally in 
the Skartofta area. Subunit 3 i s  fairly fossiliferous and is 
particularly well developed in the Klinta and Ramsåsa 
areas. 

The uppermost part of the Oved-Ramsåsa Beds, sub
unit 4 (Gronwall 1 897) ,  is composed of a red to grey, 
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thick-bedded sandstone, the Oved Sandstone. This sand
stone is sometimes cross-bedded and of ten fairly shaly. A 
thinner-bedded variety is very rich in mica. In general 
the sandstones are poorly fossiliferous .  In the Ramsåsa 
area a few limestone bands are interstratified with the 
sandstones. These limestones exhibit the youngest 
tentaculitid fauna encountered hitherto in  Sweden. The 
concomitant fauna is very rich and frequently contains 
abundant fish remains, occasionally in bone-beds.  

The total thickness of the Oved-Ramsåsa beds is still 
uncertain. I t  has been estimated to vary between 1 00 and 
800 m (RegneJl 1 960) .  A figure of 300-400 m,  which is 
indicated by the sections penetrated in the bore hoIes 
,drilled by the Geological Survey of Sweden in 1 967-1 968 
and 1 97 1 ,  i s  probably more correct. 

The lowermost subunits, 1 -2, are correlated with the 
upper Leintwardinian-lower Whitcliffian,  while subunits 
3-4 are regarded as equivalent to the Downton Castle 
Sandstone (Martinsson 1 96 7 :  376 ;  1 976b, Fig. 3 ) . This 
correlation has also been corroborated by conodont evi
dence (J eppsson 1 974 : 1 2 ) .  

Localities, samples and 
tentaculitids 
The present study IS based on a great amount of 
material which com prises samples collected by myself, by 
colleagues, and museum collections .  The majority of the 
material consists of surface samples. Only in a few cases 
has subsurface material been examined, and this was not 
systematically collected but rather was obtained as a result 
of occasional finds of tentaculitids among other fossils 
searched for in cores .  There are , however, one important 
exception, the bore hole Bjarsjolagårdborrningen l in  
Scania which was drilled by the Geological Survey of 
Sweden in  1 966-1 967 .  From that core practically al l  
tentaculitid material has been examined. 

I was very fortunate to have had full access to Anders 
Martinsson's large collections from Gotland and Scania, 
collected over more than 20 years in the course of his 
investigations on the palaeocope ostracodes of Sweden. 
These samples amount in total to 830 ,  of  which there are 
8 1 6  samples from 222 localities on Gotland and 1 4  
samples from three localities in Scania. Among the 
localities on Gotland, I I I  were described in Martinsson 
( 1 962 : 46-59)  and later included together with many 
additional localities in Laufeld ( 1 974a) .  Many localities 
originally sampled by Martinsson after 1 962 but not yet 
described in literature are described here . Martinsson's 
samples are designated with his code MS and a current 
laboratory number, e .g. ,  MS 389 .  

The bulk of Anders Martinsson's samples are from 
marI. I wished to obtain a denser sampling pattern in  
order to  determine tentaculitid distribution in various 
lithologies and to improve the stratigraphical control .  
From the locality map, Fig. 3 ,  it can be seen that the 
sampling stations have a fairly comprehensive areal dis
tribution over the entire island, although a few areas are 
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more sparsely sampled , e .g .  in the forested areas with 
Klinteberg Limestone and in the limestone units of the 
Tofta and Hogklint Beds. However, it became apparent 
rather early that these limestones had a very low 
tentaculitid yield , and thus it would have been toa time
consuming to sample them properly. However, it is clear 
that the shortage of samples from these areas has not 
reduced knowledge of the vertical distribution of the 
various tentaculitid species. 

In Scania the outcrops with Late Silurian rocks are 
much fewer than were available earlier to, for example, 
Eichstadt ( 1 888 ) ,  Gronwall ( 1 897) ,  and Moberg & Gron
wall ( 1 909) .  Localities have now become overgrown or 
been destroyed ,  sometimes by dumping, especially in the 
Ramsåsa area. Much material col lected by the earl y 
workers is available in the museum collections of the 
Palaeontological Department in Lund, and it has all been 
examined for the present study. Unfortunately much of 
it suffers from somewhat imprecise notes on the exact 
geographical position,  and the stratigraphical level is 
uncertain .  Consequently many samples had to be disre
garded although in severai cases they exhibited well 
preserved tentaculitids .  There are some hand specimens 
which are obviously incorrectly labelled, or placed in 
wrong sample boxes, etc . ,  so the material has to be used 
with caution.  Fortunately, I have been able to improve 
the state of these collections considerably, by cross-refer
ence to the well defined material col lected by Dr. Lennart 
Jeppsson for his conodont studies. 

I have also had access to many samples collected by my 
colleagues working on Gotland. A number of these 
samples derive from new localities which will be de
scribed herein. It  is an important strategy in Project 
Ecostratigraphy to gather as much information as possi
ble from each sampling spot in order to simplify synthesis 
of results obtained from studies of individual fossil 
groups, lithologies ,  etc. Therefore we attempt to use each 
other's samples as far as possible .  Certainly the nature of 
each sample will determine which fossil groups can be 
investigated. In  general ,  the marly samples used for this 
study have also been picked for the palaeocope 
ostracodes, small brachiopods, machaeridians, small 
crinoids ,  conodonts and, in some instances, primitive 
vertebrates .  

In total 1 226 samples from 3 95 localities on Gotland 
and 433 samples from 32 localities in Scania have been 
examined. It  is evident from these figures that the 
investigation included severaI tens of thousands of 
tentaculitids .  Not all localities or samples yielded 
tentaculitids ,  but these localities and samples are still 
included in the locality list because they are relevant to 
the distributional pattern of the tentaculitids .  The lack of 
tentaculitids at a locality certainly does not mean that 
they are totally absent there but it gives some limit on 
their relative abundance. 

The description of localities conforms with the recom
mendations given in Laufeld ( 1 974a) .  One major change, 
however, is that the Swedish National Grid System is 
used for the grid references .  U nfortunately this system 
has now replaced the Universal Transverse Mercator 
(UTM) grid system on all new editions of the topographi-

cal map sheets of Gotland.  The UTM figures are still 
printed in the margin of the sheets, and could certainly 
be used, but with less precision and more difficulty. I t  is 
practical to convert to the new grid system for locality 
descriptions because the older editions of the topograph
ical maps will successively run out of print .  I t  i s  conve
nient to take this step  now, before the number of 
localities increases too much. In  the transition period 
both grid reference systems should be used in descrip
tions, preferably with the UTM coordinates in parenth
eses. A computer conversion of the UTM grid coordi
nates into the National Grid coordinates for all iocalities 
previously described (Laufeld 1 974a) is now available and 
may be obtained from me upon request. Localities from 
Scania are described in the same manner.  Most were 
briefly described by Jeppsson ( 1 974 : 49-5 1 ) . The locality 
description also include bore hoies, which are disting
uished by the suffix -bormingen (Swedish for borehole) . 

Unfortunately, some of the museum material ex
amined derives from'geographically and stratigraphically 
imprecise locations.  However, some such material is 
sufficiently important for inclusion ,  e.g. samples labelled 
Hunstade (Hogklint Beds) and Grotlingboudd (Hamra 
Beds). Other fossils ,  such as palaeocope ostracodes, ena
bled the stratigraphical position to be determined safely. 
For these localities ,  brief descriptions are given and they 
are referred to the general areas. The locality map, Fig. 
3, shows these localities by arrows. 

The new localities described and those already defined 
(Laufeld 1 974a) are l isted alphabetically. The stratigrap
hical position,  and a brief description of the main lit
hologies at the locality are given,  followed by the sample 
number and the names of the tentacu litids found.  Many 
members of the team working on Gotland and in Scania 
use individual sample numbers to identify their samples. 
As Laufeld ( 1 974b) pointed out, severai workers use the 
same code, which can lead to confusion when the samples 
are used simultaneously. I have added a suffix of two 
letters to the sample number in order to separate the 
samples. The same system is  used by Laufeld & Jeppsson 
( 1 976) .  The sample codes are as follows : Museum material: 
SMNH No. X + number (Swedish Museum of Naturai 
History , Stockholm) ; LR or LO + number 
(Palaeontological Department, Lund:  PDL) ; SGU Te + 
number (Geological Survey of Sweden;  this is my own 
code because no official museum code is so far 
established) . Private collections: Own Gotland material, G 
+ year + number + KL,  e .g. G75-4 KL.  The same system 
is used for other private Gotland collections with the 
suffixes CB (Christina Bengtson) ,  SB (Stefan Bengtson) ,  
MB (M. G.  Bassett) , LJ (Lennart Jeppsson) .  Anders 
Martinsson's processed marl samples all have the code 
MS + number corresponding to field numbers like 58 G 
1 6 (Gotland, 1 958 )  or 6 1  G 1 2  (Scania, 1 96 1 ) . 

For the Scanian material, a more heterogeneous labeI
ling pattern is in use. There, the first letters denote the 
different localities ,  e .g . ,  Sk for Skarhult, Bj for Bjars
jolagård, etc .  Samples from cores are referred to their 
position below ground level .  

The sample localities and the description of new 
localities are listed in Appendix. Each sample locality on 



Gotland and in Scania is represented by a black dot 
together with the name on Figs . 2 and 3 .  

Depositones. - All figured and measured material de
signated by codes including the prefix SMNH is depo
sited at the Swedish Museum of Naturai History in 
Stockholm. Material deposited at the Geological Survey 
of Sweden in Stockholm (from 1 979  in U ppsala) bears 
the prefix SGU, and at the Palaeontological Department 
of the Geological Institute in Lund the prefix LR or LO. 
The material of Podolites paeninsulicola n .  sp. is  deposited 
at the Museum fUr Naturkunde in Berlin. 

Methods 
Very Iittle has been written on the methodology for 
tentaculitoid studies. Ljashenko ( 1 953 : 3 7 1 ;  1 954 : 3 1 )  
gave some notes on the application of thin sectioning and 
photography of the material. Boucek ( 1 964 : 1 8 )  used 
washed material and also silicified material obtained 
through dissolving limestones. Lardeux ( 1 969 :  6-7 ) has 
submitted the most comprehensive report so far on 
methods for the study of tentaculitoids ,  in which he 
concluded that these methods do not differ in general 
from those used commonly in invertebrate paleontology. 
Hajtasz ( 1 974 : 457 )  used handpreparation by needies, 
then completely etched poorly preserved tentaculitid 
specimens in a non-carbonatic matrix and produced latex 
moulds. Yoder & Ertdmann ( 1 97 5 :  379-380) disin
tegrated their samples by repeatedly freezing and thaw
ing and c1eaned the conchs in  an u ltrasonic vibrator 
tank. 

The methodology of collecting and processing marly 
material has been described in detail by Martinsson 
( 1 962 : 38-42 )  and Laufeld ( 1 974b:  4-7 ) .  Most of these 
methods have been found applicable in this study and 
they will be discussed below. 

Collecting. - Preliminary examination of the mari samples 
collected by Anders Martinsson showed that loose marl
sto nes and unconsolidated maris had high potential for 
tentaculitid studies. Thus, the main part of my own 
sampling has been in the marly regions of Gotland, in 
mari y intercalations between limestone beds and in mari 
pockets in reef limestones. This results in approximately 
90 % of the total number of samples originating from 
marly beds. Certainly with this strong biofacial specializa
tion there is a risk of missing important faunal compo
nents which dwell in other environments. The problems 
related to this restricted sampling have been discussed by 
Martinsson ( 1 962 : 1 2 , 38 )  who clearly demonstrated that, 
in the case of palaeocope ostracodes, the risk was mini
mal. This is valid also for tentaculitids .  Control sampling 
in various lithologies at a number of localities all over 
Gotland as well as in Scania shows that there was Iittle risk 
of missing tentaculitid faunas.  In some areas of Gotland 
and Scania no mari samples have been accessible and 
sampling has been correspondingly limited. This is espe
cially the case in  the limestone beits of the H6gklint, 
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Klinteberg and Sundre Beds ,  where very few localities 
have yielded sufficient or well enough preserved 
tentaculitids to justify continued sampling. This is re
flected in the density of sample localities (Fig. 3 ) .  The 
uneven distribution of localities is not l imited to this 
investigation (cf. Martinsson 1 962 , Fig. 4; Laufeld 1 974b, 
Fig. 2) ,  and its effect on the stratigraphical distribution of 
the tentaculitids is smal l  (as was also shown in the two 
papers cited) .  

M y  intentions have been t o  obtain abundant and well
preserved material which could show the variation in 
morphological characters within each taxon ,  and to get a 
reliable picture of the stratigraphical distribution and 
occurrence in various environments. The mari samples 
have fulfilled these aims. The only drawback with these 
samples is that the tentaculitid conchs tend to be 
fragmented, especially in loose maris .  Probably fragmen
tation occurred at an early stage of the sedimentation, but 
no doubt the processing of the samples also contributed.  
In order to obtain complete specimens, localities with 
more consolidated marIstones and limestones were vis
ited, and not without a certain success .  However, search
ing for slabs with well preserved tentaculitids is time-con
suming. As may be seen in Hede's left collection of 
tentacu litids ,  he confined his search for tentaculitids to 
well consolidated maris tones and argillaceous limestones. 
Thus ,  his material is much less fragmented and many 
conchs are beautifully preserved. Time has not permitted 
to use this material fully, however. 

A standard paper bag containing ca. 2000 cm3 was 
filled with mari, or in many localities even more depend
ing on the accessibility and state of weathering of the 
material . Thus, the material from each locality amounts 
to 4-5 kilograms on average. Martinsson's ( 1 962 : 39 )  
samples weighed 2-200 kilograms, averaging about 1 0  
kilograms. The quantity o f  tentaculitid material obtained 
from his samples is biased by the size of  the sample. 
Hence, no quantitative data on abundance other than 
'rare' ,  'common' and 'abundant' are given in the descrip
ti ve part. 

The usual vertical thickness sampled in maris was 5-1 0  
c m  but from many o f  the beds intercalated between 
limestones was less. Marly material was commonly sam
pled after some years' exposure, when it had weathered. 

The material collected in 1 972-1 973 relates less to 
reference leveIs at the various localities as described by 
Laufeld ( l 974b) .  In  general, vertical and horizontal ex
tensions of outcrops on Gotland are small except in the 
coastal c1iffs . The risk of combining different units within 
a sample is therefore negligible .  When the precision of 
sampling was doubtful ,  as in localities with an exposed 
boundary between major stratigraphical units, the se 
localities were revisited and resampled in 1 974-1 975 .  
However, my own sampling is less exact than the sampl
ing of chitinozoans to centimetre precision perforrned by 
Laufeld ( 1 974b) . I t  is preferable for the continued in
vestigations in the Silurian of Gotland and Scania to 
follow Laufeld's ( l 974b :  4 )  recommendation and refer all 
samples to natural or artificial markers. Then, replication 
of sampling localities and leve Is may be achieved by 
severai workers. 
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Treatment of samples. - The mari samples were treated in 
hot water. This  method normally produces full  disinteg
ration of the material , but in more consolidated marl
stones another method was necessary. The sample is 
heated to 1 00°C, then soaked immediately with a con ve
nient hydrocarbon,  e .g. ,  varnolene. After 1 0-1 5 minutes ,  
the excess fluid is removed and cold water added to the 
sample. After a few minutes the rock disintegrates com
pletely. and then it is washed and sieved with screens of 2 ,  
l ,  0 .5 ,  0 . 25  and 0 . 1 25 m m  mesh. To reduce the risk of 
breaking the tentaculitids during screening, the screens 
are held partly under water in a wide basin. Only gentle 
movement of the screen is enough to pass the material 
through it. 

For some limestone samples, e .g. from Ramsåsa 8 ,  
etching was used to free the tentaculitids ,  because they 
were largely phosphatized.  Silicification of the fossils in 
the samples is uncommon so etching is mostly unneces
sary . 

The extraction of the tentaculitids followed the same 
routine as was described by Martinsson ( 1 956 :  4; 1 962 : 
3 9-49) .  

For  individual preparation ,  needies and vibro-tools 
were used. These enabled the surface of the tentaculitid 
conch in most cases to be removed from marly matrix . 
Mari can be difficult to detach though, and in severai 
specimens it was impossible to remove it completely, and 
especially from the interspaces .  The preparation 
methods of Martinsson ( 1 962 : 40 ;  1 965a :  247-2 5 1 )  were 
attempted, but not with ful l  success . U ltrasonic deaning 
was not successful either because the conchs frequently 
tended to crack. One successful method was to place the 
conch into very dilute acetic acid (l %) and dean it with 
small brushes which had the hairs cut to 1-2 mm length. 
I f  done quickly, say 4-6 minutes, very l ittle corrosion of 
the conch occurred,  yet the interspaces could be freed 
completely of matrix. Fine ornament such as lirae is not 
much affected.  The method may appear drastic, but it 
was found to be effective and not harm ful .  I t  should 
certainly not be used for material to be examined with 
SEM. In such cases, only deaning with hot water and 
then soft brushes should be applied. 

Important to study of tentaculitids is sectioning the 
conch. Initially, longitudinal thin sections were made. 
This is time-consuming when, without access to machines 
for thin-sectioning, all grinding must be done manually. 
Thus,  such sections were made only for a limited number 
of conchs of each species. Instead , grinding and polishing 
was only done on the sagittal plane of the conch. This is 
enough to reveal the internal structures .  Because much 
of the material sectioned was investigated by scanning 
electron microscopy (SEM), this simplified method was 
adequate for examining the microstructure of the wall 
and septa. 

A serious problem has been to obtain exact sagittal 
sections .  When conchs in matrix were sectioned ,  epoxy 
resin was first poured around them in order to obtain a 
wide, flat surface parallei to the sagittal plane of the 
tentaculitid . Loose specimens were placed on a cover 
glass attached with a thermoplastic to an objective glass . A 
glass fragment was placed below the proximal end of the 

conch to obtain proper orientation .  Then, epoxy resin 
was poured over the specimen, covering it entirely. In 
order to facilitate orientation of the conch during grind
ing, small glass fragments were cemented to each corner 
of the cover glass . After com plete hardening of the epoxy 
resin, hand-grinding using successively finer grinding 
powders could be done. After polish ing, the cover glass 
and sectioned conch could be easily removed from the 
objective glass by gentle heating and then mounted either 
on a stub for SEM examination or on a petrographic glass 
for thin-sectioning. 

Photography. - For photographing the material , a Leitz 
Aristophot equipped with 42 mm or 63 mm Leitz sum
mar objectives mounted with a Leica camera for 24 x 36 
mm negatives was used. Because medium-sized and large 
tentaculitid species are dose to the upper size capacity of 
this equipment, a Leitz Reprovit 2a camera for 24 x 36  
mm negatives with a Focotar-2 l :  45 /50  mm objective and 
extension rings was used. The films were Kodak 
Panatomic X, 1 6° DIN for 24 x 36 mm negatives. In the 
Aristophot camera, the diaphragm was invariably F :  
1 2- 1 6 ,  i n  the Leitz F :  8 .  The light sources was a fluores
cent i l luminator, the light falling from the upper right 
corner. To eliminate heavy shadows from the rings, white 
paper reflectors were placed 1-2 cm from the conch . The 
bellows of the cameras were arranged for negative scales 
of x 5 or 1 0 .  For the prints, Agfa Rapidoprint papers of 
various hardnesses were used . 

Free conchs were mounted for photography onto a 
small piece of black cardboard. The specimen was glued 
with cellulose acetate or saliva. After proper orientation, 
the specimen was coated with a very thin layer of subli
mated ammonium chloride as described by Martinsson 
( 1 962 : 42 ) .  Slabs with specimens in  matrix were cut in 
small  pieces be fore photography, to facilitate orientation 
of the specimen below the objective of the camera. To 
improve contrast, brown or black indian ink was painted 
around the specimen.  With each film and set-up of the 
equipment, an object micrometer scale was photo
graphed to give exact magnification when printing. 

Scanning electron microscopy. - M·uch scanning electron 
microscopy (SEM) was carried out, using jEOL jSM-U3 
equipment. Polished sections were mounted on specimen 
stubs . Many free conchs were mounted directly onto 
stubs, covered with epoxy resin and, after hardening, 
ground and polished as described previously. The 
polished specimens were etched in a 2 % solution of 
EDT A for 4-6 minutes, the t ime depending on the 
character of the conchs .  The etched specimens were 
coated with gold in a sputter, SEM Coating Unit E 500 ,  
manufactured by Polaron Equipment Ltd . ,  England. The 
best coating was obtained at a current of 20 rnA for 5-6 
minutes .  

Photographs were taken at a scanning speed of 50 
seconds per frarne. The film used was a panachromatic 
roll film ,  I lford FP-4 , 2 2 °  DIN ,  with a negative of 60 x 60 
mm. 

The magnification was read directly from a display on 
the SEM unit. Knowing the screen size of the jSM-U3 
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Fig. 4. Biometric measurements for the 
tentaculitid conch. Abbreviations ex
plai ned in Table l .  
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unit ,  i .e .  1 0  x 1 0  cm, the final magnification of the prints 
could be easily calculated. 

Measurements. - The previous literature describes many 
different ways of measuring the tentaculitoid conch. 
Very few authors state exactly how the measurements 
were obtained. To take just one example, the diameters 
of the two ends of  the conch are generally measured but 
it is not clear whether the outer diameter has been taken 
at an interspace or over a ring. These values can differ 
considerably, occasionally by as much as 40 % (e .g .  in 
Odessites inflatus ) .  Length measurements are usually less  
imprecise, but in curved speeies it is seldom clear whether 
the curved or linear distance between the two ends has 
been determined. It is  rare!y stated whether the length 
given is for an intact or a fragmented conch. 

Additional measurements normally given in descrip
tions are proximal growth angle, total number of rings, 
ring density either per mm or for the conch diameter at 
the point measured . Data are normally tabulated or 

Table 1 .  Codes used In the tables accompanying the descrip
tions of the species. 

DA 
DEEC 
DDPE 

NRLC 
OD FR 
ODID 
ODLS 
OPRD 
PA 
TNCY 
TNRI 
TRLC 
WFCY 
WLCY 

Distal growth angle 
Distance between ends of conch 
Distance of deflection of the proximal end from a 
sagittal plane through the living chamber 
Number of rings in the last cyele 
Outer diameter of conch at the first primary ring 
Outer distal diameter 
Outer diameter of conch at the last septurn 
Outer proximal diameter 
Proximal growth angle 
Total number of cyeles 
Total number of rings 
True length of conch 
Width of first cyele 
Width of last cyele 

I 
I 
I � , 
1 1 1 1  
' .... , 
� IDAI 

displayed diagramaticaly, e .g .  B oucek ( 1 964 : 87 ) ,  Alberti 
( 1 970c :  392 ) ,  Yoder & Erdtmann ( 1 97 5 :  383-384) .  The 
latter authors defined clearly the parameters measured 
( 1 975 ,  Fig. 3 ) , and introduced abbreviations  for biometric 
characters . I have adopted this principle, although with 
modified codes, Fig. 4 .  

I t  i s  important t o  dec ide which characters should be 
measured and how these measurements should be used. 
Characters significant for description of  morphology and 
development of the conch should be determined. Such 
characters vary among speeies because of differences in  
morphology, especially in the development of the rings 
but also in the shape of the conch and the septal arrange
ment. I t  may be difficult or impossible to com pare speeies 
for all characters. However, some basic parameters can 
be determined easily in all s peeies, i .e .  length, diameter of 
the conch at the two ends,  proximal growth angle and 
ring density in different parts of the conch . In addition, 
measurements such as density of lirae, height and width 
of rings, length of interspaces,  length of living chamber, 
thickness of  conch wall ,  etc . , may generally be easily 
obtained and should be measured if they are significant 
for the speeies. Some basic measurements are tabulated 
and statistical values such as means and ratios are 
mentioned in each description .  Multivariate analysis has 
not been attempted. Firstly, there has been no need for 
comprehensive biometric analysis in order to distinguish 
taxa. Fortunate!y, the tentaculitid faunas of Gotland and 
Scania have well-defined morphological characters which 
mostly allow simple discrimination of  speeies. Secondly, 
the number of speeimens fuhy preserved is very low for 
most speeies, so that there are too few conchs for values 
to be statistically valid . To obtain reasonable measure
ments of internal characters, many more speeimens need 
be sectioned and this is too time-consuming without 
equipment for sectioning. 
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When material l ike that used for this study is measured, 
there are severai inaccuracies in the data obtained. 
Complete, fully preserved specimens are uncommon. 
Mostly, both external and internal characters are ex
cellently preserved, but the majority of conchs are frag
mented into pieces of various lengths .  Normally the 
apical end with the initial chamber is  missing and the 
distal end of ten lacks the functional aperture. This 
preservation affects the measurements taken.  Here, the 
length (DEEC) will be that of the piece preserved,  the 
two extreme diameters (OPRD, ODID) will be those 
measured at the points where the conch has broken. 
As there is normally no fixed point from which length 
measurements can be taken,  it is difficult to express 
growth changes numerically in relation to length.  A 
special problem in determining the total length occurs in 
the strongly curved genus Gotlandellites. Direct measure
'ment of the curvature is almost impossible to obtain 
using a binocular microscope with an ocular micrometer 
attached. Fortunately, the shape of the curvature of the 
median line of the conch is very close to that of an arc 
of a circle. Thus,  the straight line between the end 
points of the median line can be regarded as a chord 
of a circle having the same radius as the conch . I f  
this "chord" (DEEC) and  the deflection of the proximal 
end from the sagittal plane through the aperture 
(DDPE) are determined, the length of the curvature, i .e .  
the true length of the conch (TRLC) may be cålculated 

according to the formula TRLC = _0_ . 7T '  (DEEC) 2 
1 80 °  2 (DDPE) 

This can be easily deri ved trigonometrically from the 

formulae for the length of arc of a circle, L = _0 _ . 7T '  R, 
1 80 °  

where the median angle is ° and radius R. The  deriva
tion of these two values is shown in Fig. 5. For partly 
curved conchs, the deflection of the proximal end 
(DDPE) is expressed. 

In the table of measurements accompanying each 
description l use coded biometrical characters (as done 
by Yoder & Erdtman 1 975 ) ,  mainly for brevity. The 
characters measured and their codes are summarized in 
Table l ,  and some are shown in Fig. 4 . I mostly use 
different codes than Yoder & Erdtmann ( 1 97 5) because 
I prefer to apply neutral terms for the end diameters and 
length of the conch. There were very few cases when 
apical ends and aperturaes could be measured. 

The accuracy for all linear measurements is to 0 .02 mm 
and for the angular determinations 0 . 5 °. 

State of preservation and 
occurrence in the sediment 
The tentaculitid material studied is generally very well 
preserved. Most of the specimens collected are unde
formed, and so display their original shape, growth 
angle, surface ornamentation and internal structures .  
Such preservation is found in all lithologies sampled, but 
particularly well preserved specimens come from maris 
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Fig. 5. Figure illustrating the derivation of R and () for calcula
tion of the true length (TLOC) of curved conchs ofGotlandellites. 

and marIstones of both Gotland and Scania. However, 
there is a high proportion of broken conchs, and un
fractured specimens are extremely rare. In other lith
ologies ,  at least one part of the conch i s  always missing, 
in most cases the initial chamber. No statistical measure
ment has been carried out,  but it seems that most adult 
tentaculitid conchs are broken into three or four pieces. 
In the juvenile part, fragmentation occurs shortly after 
the initial chamber, i .e .  at a conch diameter of 0 . 1 0-0 . 1 5  
m m  i n  most species .  This i s  a point where the conch wall 
is very thin without any septa strengthening the wall 
internally. In  the adult part fragmentation may occur at 
severai points, but is particularly likely more distally in 
the conch, especially in walls where little or no secondary 
shell material has been secreted. 

The degree of compression of the tentaculitid conchs is 
generally low. Thus, their cross-section is com mon ly 
circular. I f  the conch is compressed, deformation is 
confined to the adult part, giving it an oval cross-section .  
Completely flattened conchs are rare, at least in the 
maris , and longitudinal cracks in the conch are seldom 
found. Certainly this lack of deformation cannot be 
interpreted as due to lack of compaction of the seciments .  
On the contrary, evidence of compaction, such as com-



pression of stylolites and other fossils ,  is frequently found 
both on Gotland and in Scania. I t  seems likely that the 
comparatively low degree of compression of the 
tentaculitids is because of rapid fill ing of the living 
chamber by sediment, which reduces the differential 
pressure on the conch during compaction . Most sec
tioned specimens exhibit living chambers filled with the 
same type of sediment as embeds the conch. Some conchs 
show a living chamber filled with dear calcite and/or 
accumulations of  pyrite . For these one may ass urne rapid 
embedding of the conch before the decay of the soft parts 
and a subsequent void fill ing of calcite in living chamber. 
In  such conchs the portion immediately by the aperture is 
generally filled by embedding sediment (Fig. 44E) .  

The camerae of undamaged juvenile parts are mostly 
filled with calcite , e ither dear of milky. Occasionally some 
aggregates of pyrite occur as well .  All conchs filled with 
sediment have been fractured at an early stage of the 
embedding, and this has permitted sediment to enter the 
camerae. B lind's ( 1 969 :  1 36 )  statement that sediment in 
the camerae was the result of  their fill ing while the 
animal was alive seems very unlikely. 

The tentaculitids are with few exceptions found pre
served with their original shell substance , i . e .  calcite . 
Thus the microstructures are always found preserved in 
detail and the texture of the shell is unaltered.  There is  
no possibility that the conch was constructed of aragonite 
crystals as B lind ( 1 969 :  1 1 6 )  assumed. In  the Burgsvik 
Sandstone, and also in arenaceous levels within the 
Oved-Ramsåsa Beds in  Scania, quartz grains are of ten 
pressed into the calcitic laminae of the conch ,  giving a 
pitted surface . Such conchs can be hard to dean properly 
without damage . In  limestones,  calcite crystals are fre
quently growing into the conch, and can cause severe 
problems in the preparation of the conch. No dolomitiza
tion or silicification of the original shell substance has 
been observed. However, si l icified tentacu litids un
doubtedly occur,  as has been proved in silicified 
limestone beds below some metabentonites on Gotland 
(Laufeld & Jeppsson 1 97 6 :  3 3 ,  43 ) .  In the uppermost 
part of the Oved-Ramsåsa Beds of Scania, some levels 
have yielded tentaculitids which show evidence of 
phosphatization.  The sediment filling the living 
chambers may be entirely phosphatized, and that por
tions of the conch may also be phosphatized is seen in 
samples which have been treated in weak acids .  However, 
such replacement of the original substance is very rare . It 
seems that phosphatization is  selective and mainly con
fined to the internal cavity of the conch. Phosphatic 
internal moulds of the living chamber were mentioned 
brie fly and illustrated by Eisenack ( 1 966 : 93-94 , Pl .  2 0 :  
7 ) .  H i s  material derives from the Beyrichienkalk, i . e .  much 
higher than the level with phosphatization in Scania. His 
material also shows selective phosphatization dearly . 

Replacement by other ininerals, such as pyrite or 
limonite, has only been observed in a few cases in the 
Oved-Ramsåsa Beds .  

The tentacu litids either occur scattered in the sediment 
or are in accumulations showing preferred orientation . 
The latter mode is not met with frequently in the samples 
studied, and oriented conchs have only been observed so 
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far at some levels in Scania, However, oriented 
tentaculitids have recently been reported also on Gotland 
at one locality , i . e .  Haganas l in the S lite Beds (C .  
Bergman, personal communication , 1 977 ) .  

The vast majority of the tentaculitids are found more 
or less parallei to the sediment surface . There are, 
however, cases where the conchs occur oblique or almost 
perpendicular to this surface . In some it i s  obvious that 
the orientation is  controlled by the presenee on the sea 
bottom of fragments of other foss ils which forrned relief 
into depressions of which the conchs have been trapped. 
This is particularly well seen in the bryozoan-rich sedi
ments at Gothemshammar, Gotland, where the 
tentaculitids are frequently found between bryozoan 
zooecia and standing more or less vertically, either proxi
mal or distal end downwards .  

The orientation of the conchs in the sediment is very 
important to reconstruction of the mode of life of 
tentaculitids .  So far, only one occurrence of conchs 
standing vertically with the apices downwards is known 
from the literature (DriscoIl 1 968) .  B lind ( 1 969 ,  1 970)  
has  suggested a mode of life standing vertically, and I am 
also indined to favour such an orientation in the sedi
ment although I cannot present any direct evidence from 
examination of the samples .  There are, however, some 
other observations which can support the hypothesis ;  
these will be disc us sed in a later chapter (p .  48 ) .  

The  material studied shows no signs of sorting. 
Thus,  all s izes of tentaculitid fragments occur together in 
the same sample. Post-mortem transport seems to have 
been negligible and wear of  the conchs is very slight or 
non-existent. Wearing removes the outermost laminae of 
the ri ngs, as is seen in some sectioned speeimens. 

In  a few s pecimens a peculiar longitudinal wear con
fined to the juvenile part has been observed.  This wear 
appears as an  encirding set of wide, shallow furrows. 

Quite frequently conchs are found inserted into each 
other to gi ve biological cone-in-cone structures. Smaller 
conchs occur either proximal or distal end first in the 
living chamber of a larger conch. Even three or four 
conchs may be stacked thus . The orientation of the inner 
conch varies considerably, and may be either parallel or 
oblique to the long axis of the larger conch. The smaller 
conch commonly occurs dose to one side of the wall of 
the larger conch . In  the cases with "cone-in-cone" 
structures, there is embedding sediment in the living 
chamber of all conchs (Fig. 30D) .  

Morphology of the tentaculitid 
conch and its terminology 

Terminological principles 

I t  is obvious from the literature on tentaculitoids that the 
morphological terminology for the group has not yet 
reached satisfactory stability. This is not surprising, con
sidering the comparatively few studies that have been 
carried out on morphological features of tentaculitids .  It 
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is only in Ljashenko ( 1 959) ,  Boucek ( 1 964 ) ,  B lind ( 1 969) 
and Lardeux ( 1 969) that more comprehensive treatments 
have been given .  Most other recent pa pers have merely 
referred to these studies without adding any new data on 
morphology. 

The majority of modern studies on tentaculitids have 
been published in Russian, German and French, with 
only very few in English. English nomenclature for man y 
morphological characters remains e specially heterogene
ous or is non-existent. Severai non-English terms are 
difficult to translate concisely. Most papers , whatever 
their original language, have given poor definitions with 
few or no accompanying illustrations .  Discussion of 
morphological features has involved lengthy and diffuse 
descriptions, yet few unambiguous terms have been in
troduced. This has certainly not simplified study of 
tentaculitids .  

To improve the nomenclature, I am here introducing 
special terms for all significant morphological characters 
of the tentaculitid conch. The nomenclature includes a 
selection of relevant terms already introduced for 
tentaculitids as well as terms used for other invertebrate 
fossil groups ,  such as cephalopods, gastropods and brach
iopods. Usage of the latter set of terms does not imply 
any interpretation of the zoological affinity of 
tentaculitids .  I have tried as far as possible to use neutral 
terms to define properly the various morphological 
characters . I see no disadvantage in applying terms used 
for other fossil groups if terms designate characters of 
similar appearance and function .  I t  will undoubtedly be 
simpler to memorize such terms . To describe the 
morphology of the ri ngs I have applied some terms 
normally used by structural geologists for folds. 

The morphological characters of the tentaculitid conch 
and their names are illustrated in Fig. 6. 

The tentaculitid conch 

The hard calcium carbonate exoskeleton, here terrned 
the conch secreted to protect and support the soft tissue of 
the tentaculitid animal forms the fossil remains . I t  com
prises an external, single gradually tapering conch with 
conical shape, elongate, mostly straight, closed at the 
narrow end and open at the wide end. Internally it may 
be divided in the narrow portion by transverse partitions ,  
septa, of various shapes and numbers, while the wider 
part of the shell com prises the living chamber. In the 
conch wall, a primary shell com prising only the outermost 
laminae of the conch and a secondary shell com prising the 
septal structures and the internal laminae of the wider 
part can be distinguished. In general these two divisions 
of the conch are clearly separated from each other by 
certain characteristic features of the wall . 

It is important that the tentaculitid conch shows no 
evidence of any attachment surface to indicate firm 
contact with the substrate . Thus, there is a fundamental 
difference in this respect from other tubiform and 
ornamented foss ils of similar shape and size which occur 
concomitantly in the beds studied, i .e .  members of the 
enigmatic fossil group of cornulitids .  

Composition and microstructure 

The following description of  the basic microstructures is 
based mainly on observations made from routine SEM 
work, but also on examination of sectioned material using 
an ordinary l ight microscope. Some information from 
recent literature is integrated.  

The papers by Lardeux ( 1 969)  and B lind ( 1 969)  have 
given a fairly good outline of the basic composition and 
construetion of the tentaculitid conch .  Already in 1 883  
Dewitz had described the  conch wall as multi-laminated, 
with alternating calcitic and organic layers (Dewitz 1 883 ) .  
However, the arrangement of the calcite crystals has been 
a matter of confusion because of the use of different 
terms. The structure was described by Dewitz ( 1 88 3 )  and 
Giirich ( 1 896) as  lamellar, Bøggild ( 1 930 )  as foliated,  
Fisher ( 1 962 )  as prismatie and Boucek ( 1 964) as fibrous .  
That the wal l  structure is dearly lamellar was demon
strated by Ljashenko ( 1 959 ) ,  Lardeux ( 1 969) and B lind 
( 1 969) ,  and is also evident from the present study. It  has 
been demonstrated convincingly by B lind ( 1 969)  that the 
primary shell is composed of three principal layers : an 
outer organic layer, a calcitic micro-lamellar layer con
stituting the bulk of the shell, and an inner organic layer. 
The present study corroborates this and, further, shows 
that the secondary shell has a similar construetion .  

The outer organic layer is generally difficult to d isting
uish because it is  very thin and tends to be removed 
easily. I t  may sometimes be observed in a scanning 
electron microscope (SEM) (Fig. 3 1 D) ,  but generally the 
etching proeess produces sharp relief between the shell 
and the surrounding medium and this ham pers good 
observation of the layer. In the few cases where it has 
been definitely identified, it can be observed as a thin 
transparent film. The conch should be immersed in an 
etching medium,  preferably EDT A ,  in which the layer 
becomes slowly removed from the conch as the calcitic 
laminae gradually dissolve. I t  has not been possible to 
gauge reliably the thickness of the outer organic layer, 
but B lind ( 1 969 :  1 1 2 )  reported a thickness of 1 p.,m or 
less, which seems reasonable . 

The basic units of the calcite layers are tabular calcite 
crystals, most of which show irregular, jagged outlines 
(Fig. 7F ) .  Few crystals with a dearly hexagonal shape 
have been observed (Fig. 7 A-B) .  The irre gular crystals 
have uneven surfaces which commonly appear pitted 
(Fig. 7C) .  The well developed hexagonal crystals show 
distinet facets, on which a faint verrucosity may be seen.  
The calcite tablets in the outermost laminae are disposed 
paralleI to the surface of the conch . In  section they 
appear as lenticular, irre gular discs (e .g . , Fig. 23A) .  I t  is  
probably this view which led Boucek ( 1 964 ) to describe 
the crystal structure of the conch as fibrous .  The calcite 
tablets lie dose to each other and subparallel. The staek
ing of  the calcite tablets is not regular. They overlap each 
other to various degrees ,  mostly with the facets of the 
crystals forming the contact surfaces .  The tablets amalga
mate laterally to various degrees to form a succession of 
plates .  These can be dearly seen when the tablets are 
viewed from above (Fig. 7 D ,  F) .  

Intercrystalline organic membranes are very rarely 
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visible. On ly one specimen has shown how parts of the 
inner organic layer penetrate partly between the tablets 
(Fig. 1 0B ) .  

The shape of the crystals in the calcite layers of  
tentaculitids l ed  B lind ( 1 969 :  1 1 6 )  to  com pare the 
structure with the nacreous layer developed in certain 
molluscs. He described the crystals as varying from 
rhomboidal to pseudohexagonal,  with more of the 
former type. He interpreted this to result from a 
diagenetic phase transformation of the crystal form from 
aragonite to calcite . The rhomboidal crystals were re
gard ed as residual products from unstable aragonite 
crystals which had forrned the nacreous layer of the 
tentaculitid . This interpretation seems im probable; to 
may own and others' knowledge (V.  Jaanusson & H .  
Mutvei, personal communications ,  1 978 ) ,  n o  cases are 
known where a conch which consists of calcite preserves 
in detail the original aragonitic microstructures .  All 
tentaculitid conchs sectioned in this study show unaltered 
microstructure and no signs of  a phase transformation 
from aragonite to calcite have been seen (cf. Towe 1 978 : 
626) .  Any possibility of a nacreous layer in tentaculitids is 
undoubtedly excluded. 

Recently Towe ( 1 978 ,  Fig. 1 d-f) demonstrated by 
transmission electron microscopy a laminated structure 
of  the calcitic layer known as cross-bladed fabric (Arm
strong 1 969) .  The observation i s  interesting because this 
structure is otherwise restricted to certain articulate brach
iopods . I t  thus has bearing on the question of affinity 
which is discussed in a later chapter (p. 59) .  I can neither 
confirm nor den y from my material the existence of a 
cross-blad ed fabric of the calcitic layer.  I used another 
type of preparation technique and scanning electron 
mlcroscope. 

The tabular crystals are of various sizes .  Their thick
ness is relatively uniform, 0 .00 1-0 .002 mm. Diameters 
are more variable ,  with a size range from a few /Lm up  to 
0 .0 1 5  mm and an estimated average value of 0 . 005-0 .0 1 
mm.  A few specimens show some difference in the size of 
tablets on the outer and inner sides of the conch, with 
smaller tablets forming the inner surface of the living 
chamber. However, more material is required if  firmer 
conclusions are to be drawn.  

A very conspicuous feature of all tentaculitids studied 
is the presence of one or more , normally 2 or 3 ,  pores in 
each tablet. Mostly ,  these pores are located in the central 
part of the tabu lar crystal. They are arranged more or 
less paralleI to the surface of the tablet and are directed 
similarly in all adjacent tablets. This i s  especially well seen 
on fractured surfaces with the tablets in oblique view (Fig. 
7D). The pores are rather straight and penetrate the 
crystal for a considerable distance (Fig. 7D-E) .  I t  is not 

Fig. 7. Calcitic conch wall .  O A,  B .  Calcite tablets of the mural 
parts of septum, both x 2 .500 .  Lonchidium scanicum, SMNH X 
1 57 8 ;  Bjarsj6lagård 2 ,  Bj 7 1 -2 KL. O C, calcite tablets of the 
primary shell, x 8 .500. Odessites petilus, SMNH X 1402 ; Lun
narna 2 ,  Lu AM-2 . O D, E,  F .  Oblique views of the calcite tablets 
of the primary shell , all x 3000.  Note the pores penetrating the 
tablets. Volynites muldiensis, SMNH X 1 2 2 7 ;  Mulde Tegelbruk l ,  
M S  1 0 / 1 960 :  V .  
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certain if they penetrate right through the  tablet or only 
through part of it . The diameter of the pores is about 
0 .00 1  mm. It  is difficult to elucidate the function of these 
pores but they give the tentaculitid conch, even in minute 
fragments, a distinctive appearance. These pores are 
certainly primary structures and not artifacts originating 
from etching processes, because they occur constantly in 
al l  kinds of conchs,  even on freshly fractured surfaces 
(Fig. 7D-F). 

The tabu lar calcite crystals com pose lamellae which 
represent distinct growth phases. The lamellae in section 
are seen to be separated from each other by dark lines 
(Fig. 22 ) ,  which Lardeux ( 1 969 :  2 1 )  explained as optical 
phenomena. However, it is more likely that they repres
ent very thin organic envelopes around the lamellae ,  
analogous to  structures of the brachiopod shell (cf. Wil
liams 1 968) .  Many SEM micrographs show a distinct 
separation between successive lamellae , with ample space 
for an organic layer (e .g .  Fig. 23A) .  Some sectioned 
conchs show remnants of the organic layers in place 
between crystalline lamellae. Such occurrences are rare , 
but refinement of the preparation technique will un
doubtedly allow this  feature to be studied in more detail . 
The lamellae are not persistent along or around the 
conch. They rather form units of various lengths which 
are accreted inwards onto each other from the out
ermost, primary, set of lamellae. Thus, these units form a 
series of incomplete cones tightly inserted into each other 
(e .g .  SEM micrographs, Figs. 56H) .  This construction of 
the shell is clearly demonstrated in conchs which have 
been repaired after damage (a common phenomenon in 
all taxa investigated) ,  as in Figs. 18 and 1 9 . 

Boucek ( 1 964 ) ,  who primarily studied dacryoconarids ,  
d istinguished two principal layers in the conch.  The 
outer of these should have lamellae secreted outwards .  
The num ber of lamellae was greater in Silurian than in 
Devonian tentaculitids .  Subsequent studies have not cor
roborated his conclusions .  Lardeux ( 1 969) and B lind 
( 1 969) demonstrated convincingly that secretion of the 
lamellae is  directed towards the interior of the conch, and 
Lardeux ( 1 969)  found a similar thickness of  the conch for 
Silurian and Devonian tentacu litids .  

The outermost lamellae in the interspaces are parallei 
to the outer surface . However, towards the interior of the 
rings the lamellar orientation becomes increasingly dif
ferent from that of the outermost lamellae. There is  
greater accretion in the proximal part of the rings so that 
the shape of the living chamber becomes modified. The 
amount of thickening determines the magnitude of the 
flexure between the interspace and the proximal limb of 
the ring. The flexural size seems to have some taxonomic 
importance . Before the inner organic layer is secreted, 
the central part of the rings is more or less filled by thick, 
strongly lenticular lamellae . Hence, secondary shell is not 
entirely responsible for smoothing the inner wall surface 
(Fig. 6 1  E-F) and most smoothing may occur during a 
comparatively early stage of growth. The laminae of the 
secondary shell are commonly discordant with those of 
the primary shell (Fig. 3 1  C ) .  

There have been long discussions in the literature 
about the dark lines seen In section,  which lie 
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perpendicular to the surface and penetrate through part 
or the whole of the conch wall . The dark lines were 
interpreted as perforations and terrned "canals" by Lja
shenko ( 1 959 ,  1 969) ,  who used them as a taxonomic 
criterion at order level .  Lardeux ("black lines" - 1 964 ; 
1 969, Fig. 1 3 ,  PI .  8 )  and B lind ("pseudopores" - 1 969 :  
1 14-1 1 5 ,  P I .  1 3 :  1-2 )  suggested that the  dark lines were 
merely phenomena of optical deflection resulting from 
the arrangement of the lamellae. Lardeux ( 1 969 ;  PIs .  1 0 :  
l ;  I l :  1-2 )  showed the "black lines" penetrating the 
entire conch wall and also through the mural parts of the 
septa. B lind explained the lamellar structure as com
posed of minute, superimposed, inward-facing cones. He 
reported these structures to occur only in the outer part 
of the caIcite layer and showed ( 1 969 :  1 1 5 ,  PI. 1 3 :  3) them 
terminating at the inner wall surface as minute, conical 
structures which he called Hockerchen (small knobs ) .  
B lind's structures were 0 .005-0 .006 mm in diameter and 
about 0 .004 mm high. He found the minute cones only in 
the adult part of the conch,  increasing in abundance 
towards the distal end. He tentatively suggested a func
tion in the attachment of musdes controlling an 
operculum and tentades.  However, in spite of the papers 
by Blind ( 1 969) ,  Brassel et al. ( 1 97 1 ) , and B lind & 
Sturmer ( 1 977 ) ,  the evidence remains ambiguous and 
therefore this interpretation must still be regarded as 
mere speculation .  

There was no arrangement of the caIcite lamellae of 
the kind just described common to all material investi
gated here. Material from Gotland was particularly var
iable. Silurian tentaculitids seem to differ in this respect 
from Devonian tentaculitids .  The latter commonly show 
a crescentic lamellar arrangement in longitudinal section 
(cf. Lardeux 1 969 ;  Ljashenko 1 959 ,  1 969a-d) ,  but it is 
dear that there is a taxonomic relationship. This can 
explain the difference between Silurian and Devonian 
material .  The lamellae of Gotland species of the genus 
Alternatus ? are buckled in a particular, consistent pattern. 
The same pattern may also be seen in severai other 
genera, e.g. Tentaculites, Turmalites, Odessites, and 
Lonchidium. These structures are more common in Sca
nian than in Gotland material, especially among the 
stratigraphically youngest representatives .  

The wavy pro file of the laminae just described reflects 
the adjacent sets of superimposed cones composed of 
stacks of buckled lamellae (Fig. 8). The apices of cones 
are directed inwards . Many sets penetrate the entire wall 
surface and terminate at the internal surface of the conch 
as small elevated cones (Fig. 8A, C) .  

The sets of superimposed cones described are re
marka bly similar to pseudopuncta of many articulate 
brachiopods .  The small cones seen on the inner surface 
of the tentaculitid conch resemble the tuberdes found at 
the end of pseudopuncta in brachiopods .  Without imply
ing any relationship between the two animal groups l 
propose the use of pseudopunctum (plur.  -a) and tubercle 
for the designation of similar structures seen in 
tentaculitids .  In the tentaculitid pseudopuncta, no 
structures resembling the taleolae of man y pseudopunc
ta te brachiopods have been observed.  Thus they appear 
like pseudopuncta of certain strophomenaceans and 

gonambonitaceans and many davidsoniaceans . The 
pseudopuncta are mostly in the proximal limbs of the 
ring. In  some species there are als o well developed 
pseudopuncta in the distal limbs (Tentaculite scalaris, Fig. 
33E) ,  or in the interspace walls (e.g. in Alternatus ? ,  Fig. 
8D) .  

The pseudopuncta are always perpendicular to  the 
wall surface,  e ither straight or slightly curved towards the 
interior of the conch. The latter mode is found especially 
near a ring (Fig. 8A) .  The change in direction follows that 
of the inner wall surface of the proximal l imb. The 
conical shape of the buckled lamellae is most pronounced 
in the outermost part of the conch wall .  The cones are 
gradually flatter inwards across the wall (Fig. 8A-B ) .  I n  
some conchs, the pseudopuncta penetrate not only the 
primary shell but also affect the mural parts of the septa. 
The shape of the cones is impressed through the inner, 
covering organic Iayer into the inner surface of the 
septurn (Fig. 8D). This observation is supported by il lust
rations in Lardeux ( 1 969 ;  PIs .  1 0 :  l ;  I l :  1 -2 )  and B lind 
( 1 969 ;  PI .  1 3 :  1 ) . 

The pseudopuncta are generally well spaced . A separa
tion of 0 .0 1-0 .025 mm and density of 50-60 
pseudopuncta per 0 . 0 1 mm2 are common. Such a density 
is similar to values calculated e .g .  in Lardeux ( 1 969 ,  PI .  9 :  
2 )  for some Devonian species. However, many species 
show much lower densities of pseudopuncta. Also, den
sit y varies within a specimen,  the number of 
pseudopuncta increasing in successive rings. 

The height of the pseudopunctal cones dose to the 
ourer surface of the conch is 0 .004-0 . 005 mm. Well 
developed tuberdes have only been seen in a few speci
mens because internal surfaces of conchs are rarely 
exposed and are difficult to dean matrix from properly . 

Progressive diminution of lamellar buckling is a fea
ture of all pseudopuncta . This might be explained by 
ontogenetic change in the functional morphology of the 
inner proximal surfaces of the rings. The highest tuber
eies always form elose to the aperture and they are 
gradually shorter proximally. The decrease in size re
flects accretion of new laminae near the aperture as the 
animal grows. U ltimately, tuberdes located in the proxi
mai part of the body chamber will become completely 
covered and there will be a smooth internal surface. 

The limited amount of material with tuberdes restricts 
consideration of their function .  However, in members of 
the genus Alternatus ? ,  which have poorly developed rings 
and hence only moderate annular deflections of the 
conch wall, pseudopuncta are very well developed. lf it  
be assumed that the internal wall of the rings ,  especially 
the proximal part, i s  an attachment surface for soft 
tissues (B lind 1 969 :  1 1 5 ) ,  it is tempting to explain the 
numerous tubereles in Alternatus ? as serving to increase 
the surface area for attachment. Many tentaculitids with 
very well developed rings, e .g .  Odessites inflatus, have few 
or no pseudopuncta. Many species with flatter rings and 
correspondingly smoother internal surfaces to the rings, 
have a higher frequency of pseudopuncta, as e .g .  
Lonchidium ogmotum. However, this  hypothesis i s  inap
plicable to some other genera, like Tentaculites. Many 
species of this latter genus have very prominent rings . 



Fig. 8. Pseudopuncta. O A, B .  Odessites portensis, SMNH X 1 688 ,  
x 400 and x 300 ;  Klinta 4 ,  Kl  67-3 2  LJ . O C .  Tentaeulites sealaris, 
SMNH X 1652 ,  x 1 000 ;  Ramsåsa 2 ,  Ra 7 1 -3 KL. O D . Alternatus ? 

Some, such as T. hisingeri (Fig. 28D) ,  have distinct 
pseudopuncta in the proximal l imbs ; other, like T. scalaris 
(Fig. 33E ) ,  have them also in the distal limbs . A possible 
explanation for the exceptions would be as follows. These 
species are comparatively large, with wide, long living 
chambers, so the soft parts may have been relative ly 
voluminous. Then, more sophisticated attachment 
structures could have been required. 

Another explanation for the function of the 
pseudopuncta and tubercles would be as strengthening 
devices for the conch wall . Such a function may be 
inferred for pseudopuncta in some articulate brach
iopods with weakly convex shells (V. Jaanusson , 
personal communication, 1 978 ) .  It would als o explain 
why tentaculitid pseudopuncta are mostly in the proxi
mal limbs of rings, where the conch wall is thinnest. 
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sp . ,  S M N H  X 1 679 ,  x 500;  Mulde Tegelbruk I ,  MS 1 01 1 960 : X I .  
O E .  Volynites scalpratus, SMNH X 1 2 7 5 ,  x 900 ; Mulde 
Tegelbruk I ,  MS 608 . 

The inner surface of the primary wall is covered by an 
organic layer. This organic layer is much thicker than the 
outer one, and is easily seen in  many SEM micrographs 
(Figs. 9-1 0) .  I t  may attain a thickness of 0 . 0 1  mm, but is 
usually only 0 .00 1 -0 .003 mm thick.  Even in one speci
men the thickness may vary considerably, both trans
versely (Fig. 6 1 F-G) and longitudinally (Fig. 57C) .  The 
inner organic layer (Fig. 6 1  F) is not structureless. Some 
minor dark longitudinal bands can be distinguished but 
they have not been closely examined. The surface of the 
layer may show imprints of the calcitic lamellar tablets 
(Fig. 1 0B ) .  Formation of the inner organic layer during 
ontogeny comes before the secretion of septa and after 
some accretion of calcite laminae in the ring areas to 
smooth out the internal wall surface (Fig. I OC-D) .  
Thicker organic layers continue to  form throughout 
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septal secretion. In some species thick organic layers 
alternate with the calcite laminae which form the septa 
(Fig. l OE) .  

Intercalation of  organic layers between septa produces 
a characteristic banding in this section (Fig. 60C) .  How
ever, it is also common that the organic layers separating 
septa are extremely thin, or lacking so that adjacent 
laminae lie directly in contact (Fig. 24G) .  In  all species, 
the inner organic layer forms

' 
a distinct boundary bet

ween primary and secondary shell ,  and it may be seen 
easily both in thin section and in SEM micrographs.  
Longitudinal cracks in the primary shell ,  which com
monly form during preparation of sections ,  may easily be 
mistaken for the inner organic layer, especially if it is 
thin. Such cracks, however, usually have an irregular, 
laterally variable course (Fig. 26D) .  

The composition and microstructure of the primary 
and secondary shell are similar. The secondary shell has 
the same tripartite structure but the thickness of the 
organic layers are very variable .  I t  may be difficult to 
distinguish the outer organic layer of the secondary shell 
if it has amalgamated with a thick inner organic layer of 
the primary shel l .  In some SEM micrographs the inner 
organic layer is very distinct, with pronounced relief 
above the etched sur face (Fig. 1 0C-D) .  With very thin 
septa it is obvious that the organic layers represent most 
of the total septal thickness (Fig. 58D) ;  there may be no 
calcitic component. 

A fairly different construction of the conch wall was 
reported for dacryoconarid tentaculitoids by Alberti 
( 1 975 ) .  He recognized three principal mineral layers, the 
outer prismatic, central nacreous,  and inner prismatic 
layers. The central nacreous layer was interpreted to 
con sist of pseudohexagonal aragonite crystals (Alberti 
1 975 ,  Pl. 1 :  2 ) .  This is different from the construction 
found here for the thick-walled tentaculitoids .  There 
could be a fundamental difference in wall construction 
among the three tentaculitoid orders . This would cer
tainly influence taxonomy of tentaculitoids .  However, it 
should be emphasized that Alberti's observations were 
from only one conch of a Styliolina species, and thus 
condusions should not be drawn too far.  Further proof 
that aragonite is involved is required.  Alberti ( 1 97 5 :  506) 
regarded his find as support for the molluscan affinity of 
dacryoconarids, with a systematic position rather dose to 
t.he cephalopods . 

Orientation of the conch 

The conventional pose for illustration of  a tentaculitoid 
conch is with the axis vertical and narrow end down. 

Fig. 9. External view of inner organic layer. O A, B .  Lateral view 
of distal ring, x 75, and detail of contact of inner organic layer 
and calcitic laminae filling the annular concavity, x 1000. Etched 
speeimen of Volynites muldiensis, SMNH X 122 8 ;  Mulde 
Tegelbruk l ,  unnumbered SMNH sample. O C.  Longitudinal 
section showing contact of inner organic layer and mural parts 
of septa in Lonchidium scanicum, x 1000 ,  SMNH X 1578 ; Bjar
sjiilagård 2, Bj 7 1 -2 Kl . 



Fig. 1 0. Longitudinal sections of conch wall illustrating the inner 
organic layer. O A, B. Inner organic layer in the distal conch, 
x 750, and detail , x 2500. Note in B the pitted imprints of the 
calcite tablets on the organic layer. Dicricoconus cracens, SMNH X 
1 289 ;  Mulde Tegelbruk l ,  MS 608 . O C, D. Inner organic layer 
in  the distal septal region, x 1 00 ,  and more proximally, x 300 .  

However, in Ljashenko's papers and in Fisher ( 1 962)  the 
apical end is up. This reflects the difference in opinion 
about the life position of the tentaculitoid animal and its 
zoological affinity. Here the conventional orientation is 
preferred. I t  facilitates comparison with most other iIIust
rations. 

The tentaculitoid conch has bilateral symmetry. This is 
easily discerned if the conch is curved ,  which is especially 
characteristic of the extreme proximal part. B ilateral 
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Tentaculites sealaris, SMNH X 1 660 ; Ohesaare Pank, Estonia, 
unnumbered SMNH sample. O E .  Inner organic layer in the 
septal region of Tentaculites obstipus, x 300. Note the branching 
of organic layers between the endoconic septa. SMNH X 1424 ; 
Kullunde 3 ,  Got 76-3 1 SB . 

symmetry may be shown by the living chamber, the 
proximal end of which is of ten inclined to the long axis 
(Fig. 52E) .  Definite evidence for this symmetry was 
presented by Lardeux ( 1 964 , 1 969 :  I l , Fig. 2, PI. 4 :  1 -5 ) ,  
who  demonstrated a central furrow Iined by  a series of 
smal l  tubercles in internal moulds of the living chamber 
of Volynites velaini (Munier-Chalmas) . The proximal part 
of the furrow was bounded by two symmetrical ,  crescent
shaped, slightly elevated platforms which were delimited 
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laterally by faint furrows .  The features represent nega
tive imprints from structures developed on the inside of 
the conch wall. Such structures are rare ; no similar 
features have been described since. However, one of the 
localities described here, Ramsåsa 8 in Scania, yielded 
abundant phosphatized material induding moulds with 
similar imprints of the internal conch waU. These 
structures will be discussed later (p.  3 7 ) .  

In spite o f  Lardeux's important a n d  convincing evi
dence for bilateral symmetry, some aut hors still support a 
radial symmetry for the tentaculitid conch. Berger ( 1 974 : 
1 3 7 ,  foot-note) emphasized radial symmetry because the 
tentaculitid conch does not show any surface characters 
to distinguish one side from another. This is true of the 
surface of the juvenile and adult parts, and for that 
reason terms like dorsal, ventraI, and lateral cannot be 
applied. However, the curvature nearly always present in 
the proximal part predudes radial symmetry . In  many 
tentaculitid taxa the morphology of the initial chamber 
provides additional support for bilateral symmetry . The 
chamber is triangular and equilateral in one view. How
ever, perpendicular to this orientation,  it is asymmetrical, 
with one comparatively flat surface opposite a convex 
surface (Fig. l l C-D) .  

The conch may be divided to  reflect various 
ontogenetical stages. The narrow end is the earliest 
formed, embryonic part. I t  consists of the initial chamber, 
which in many taxa has a characteristic morphology and 
which is one of the basic characters for taxonomic divi
sion at family level .  The proximal end of this chamber is 
called the apex or apical end. The adjacent region is the 
juvenile or proximal part, where the conch expands. In 
thick-waUed tentaculitoids it is divided internaUy by 
septa. The major portion of the conch com prises the adult 
or distal part, which is the living chamber. In most species 
it ex pan ds slightly or is subcylindrical in shape. A fourth 
division , the apertural region, has also been distinguished 
in some pa pers (e.g. Ljashenko 1 959 ) .  That the conch 
becomes thinner dose to the aperture may have influ
enced some authors to distinguish this region.  However, 
I find it a superfluous division because the aperture is a 
morphological character present in every ontogenetic 
stage . It does not form an ontogenetic stage of its own. 
Some adult specimens deve!op a particular ring pattern 
at the extreme distal end. This area is here considered to 
represent an advanced stage of the adult part and could, 
if growth had continued , have been foUowed by new 
rings. Such distal ring patterns are especiaUy well seen in 
specimens of Volynites muldiensis (Fig. 56A) .  Lardeux 
( 1 969) distinguished an intermediate region between the 
juvenile and adult parts . I feel this division is difficult to 
define morphologically. A tripartite division related weU 
to the morphology of the conch. 

Mostly the initial chamber is easily distinguished. The 
chamber may be slightly drop-shaped, bounded by a 
weak constriction,  or it may taper more steeply than the 
juvenile part. In most tentaculitids there is a pronounced 
decrease in growth angle of the conch at the last septurn.  
This may be regarded as the transition between the 
juvenile and adult stages .  Here, also, the ring pattern 
usuaUy changes and pseudopuncta appear. I t  is admit-

tedly difficult to delimit these regions exactly for all 
species ,  particularly when there are gradual transitions.  
Even within a species considerable variation may occur. 

In  description of the various morphological characters 
the terms proximal and distal will be used. Proximal refers 
to the direction of the apex and distal towards the 
aperture (Fig. 6 ) .  

Shape and size of the conch 

The tentaculitid conch is conical, dosed at the narrow 
end and open at the wide end. The conch may be straight 
or curved. The adult part is usually straight. In severai 
species, the juvenile part is curved, either along the entire 
length or just the proximal part by the initial chamber. I n  
some species curvature i s  confined t o  the initial chamber. 
Conchs straight along most of their length are term ed 
orthoconic. Those marked ly curved for most of their 
length are terrned cyrtoconic. F ew cyrtoconic tentaculitoids 
have been described . Boucek ( 1 964 : 23-24) discussed 
curvature among tentaculitoids briefly. He considered it 
to be an occasional feature of some species (e.g. in 
Homoctenus jaregae Ljashenko). He also noted curved 
conchs in a Iimited number of one population and this 
curvature he considered to be teratological .  However, I 
have studied very large populations of marked ly curved 
tentaculitids from the V isby and Hogklint Beds of Got
land. Herein, these are referred to the new genus 
Gotlandellites within the new family Gotlandellitidae. Cur
vature of the conch is a constant feature of specimens, 
and it distinguishes this family from all other families 
within the order Tentaculitida. Thus, I cannot agree with 
Boucek's condusions .  

The cross-section of the conch is usually circular. The 
only exceptions are species with a drop-shaped initial 
chamber which is subtriangular in cross-section. 

The conch generally shows at least two principal points 
of expansion.  From the narrow part, the conch expands 
more quickly than at the wider, more distally located, 
part. The growth angle at the former point is terrned 
proximal growth angle (P A) and that at the latter the distal 
growth angle (DA) .  The proximal growth angle , which 
corresponds to the apical angle of previous authors , may 
range between 2 and 1 3 °, but is generally 4-6°. The distal 
growth angle may range from less than one degree up to 
4°. The distal parts of many species are subcylindrical. I 
have avoided the term apical angle to describe the 
expansion of the juvenile stage because the earliest 
juvenile portion ,  immediately behind the initial chamber, 
is commonly subcylindrical. Furthermore, the initial 
chamber is generally more steeply conical than the adja
cent juvenile part. The true apical angle should then, by 
definition, be!ong to the initial chamber. U nfortunately 
the initial chamber is very se!dom preserved.  What has 
been described as the apical angle is in reality the rate of 
expansion more distally , in the septal region of the conch . 
This is the part most often found intact and which can 
easily be measured. In many papers the proximal growth 
angles are expressed in fractions of a degree. I have 
found the greatest leve! of measurable precision to be to 



0 .5 °. In  the numerical tables following each description, 
the proximal growth angles are expressed to this accu
racy. 

The full adult size ranges from 4-5 mm to 2 5-30 mm. 
Tentaculitids less than 10 mm long are terrned small-sized, 
those between 1 0  and 20 mm medium-sized, and larger 
than 20 mm large-sized. These categories conform to 
those proposed by Ljashenko (l 969a-d) .  They are 
arbitrarily chosen but convenient for the material 
studied. After comprehensive treatment of material from 
severai areas more statistically significant size cIasses may 
be defined. 

The diameter of the narrow end of the conch is 
seldom less than 0.05 mm. Unfortunately though, few 
apical ends are preserved intact. Normally conchs are 
found broken off at diametre§ of 0 . 1 0-0 . 1 5  mm.  When 
the initial chamber is still attached, the outer diameter of 
the conch adjacent to the chamber is commonly 0 .08-
0 . 1 0  mm. Most of the species studied attain distal diame
ters of 0 . 90- 1 . 1 0  mm. Really large specimens , as in 
Tentaculites hisingen and T. sealans, may have outer distal 
diameters of 2 . 0-2 .4 mm.  

Embryonic part 

The embryonic part is rarely conjunct with the rest of the 
conch.  Not many isolated embryonic parts have been 
found. For severai species these could not be identified . 
The initial chambers in various species of the same genus 
are morphologically similar. This complicate matching of 
chambers to species. 

Severai types of  initial chamber occur. In  general, the 
type has been regarded as significant for distinguishing 
tentaculitoids at order level. In the Tentaculitida the 
initial chamber is normally conical with a more or less 
transitional passage to the juvenile part. There is no 
constriction nor other morphological feature delimiting 
the initial chamber. However, this type of initial chamber 
should probably not be regarded as characteristic of the 
Tentaculitida. There are some papers, e .g . , Ljashenko 
( 1 969) in which new genera erected in this order have 
asymmetrical initial chambers separated from the rest of 
the conch by a faint constriction e.g. Parvulites (Ljashenko 
1 969a, Pl .  7 :  3-4) .  These genera are otherwise typical of 
Tentaculitida .  Rather than refer these genera to new 
orders, I would prefer to accept some variation in the 
morphology of the initial chamber. This fea ture may be 
more diagnostic at family level . 

The few initial chambers found are of two main types. 
One type com prises a conical chamber which grades into 
the juvenile part without any marked constriction bet
ween.  The ape x of the chamber is  rather pointed . This 
type occurs in e . g. the genus Tentaculites von Schlotheim . 
Because there are no external features which delimit the 
chamber, measurements are difficult to make. In some 
species, it was on ly possible to measure the outer diame
ter of the distal part. 

The second type of initial chamber is well dif
ferentiated and bilaterally symmetrical .  It is triangular in 
view along the sa�ittal plane. Perpendicular to this plane 
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i t  shows one slightly curved side and the other flatter 
(Fig. I I C-D) .  The apex is somewhat elongated. There is 
good evidence to assurne that there has been a sub
cylindrical extension forming the point (cf. Fig. I I E-F) .  
Unfortunately all initial chambers have this part broken 
off. The distal part of the chamber may be entirely 
smooth or may have one or two asymmetrical rings which 
lie very oblique to the long axis of the chamber (Fig. 
l I D) .  The subsequent rings are believed to belong to the 

juvenile conch.  They also lie obliquely, but progressively 
less so until they are perpendicular to the axis. In  many 
species there is a faint constriction of the conch after the 
two very oblique rings. The constriction is regarded as 
the distal limit of the initial chamber. At the constriction 
the cross-section of the conch is circular. 

The definition presented here is founded on the belief 
that the change in ring morphology after the first two 
and in shape of the conch indicates a new stage in the 
ontogenetic development. There is also commonly an 
abrupt change in the direction of the long axis of  the 
conch at this point (Fig. I IJ ) .  

The first septurn was used t o  define the distal l imit o f  
the initial chamber by Ljashenko ( 1 959 ,  Fig. 8 )  a n d  Blind 
( 1 969, Fig. 6) .  However, it is not known whether the 
position of the first septurn is be fore or after the 
embryonic rings. None of the embryonic parts sectioned 
have shown septa. The first septurn is  probably more 
distal because the formation of septa takes place rather 
late during ontogeny. This was demonstrated by Lardeux 
( 1 969 :  1 87-1 88 ,  Fig. 148 )  and was seen in the present 
study. Hence, the position of the first septurn cannot be 
used to delimit the initial chamber. 

One sample (Cothemshammar l ,  sample MS 895)  
shows some variation in the widths and lengths of the 
initial chambers and the obliquity of the embryonic rings. 
The length is commonly 0 . 1 5  to 0 . 20  mm, the distal 
diameter 0 . 1 0-0 . 1 5  mm, and the proximal diameter 
0 .0 1 -0.02 mm. 

The wall of the initial chamber, l ike that  of the later 
stages of the conch, is clearly lamellar. The thickness is 
uniform so the interior surface parallels the outer shape 
(Fig. I l C) .  The mean thickness is about 0 . 0 1 mm. 

Juvenile part 

In adult specimens, the juvenile part com prises the 
portion of the conch from the initial chamber to the last 
septurn. At this latter level the growth angle and ann ula
tion change. In  many tentaculitids the most proximal 
juvenile part, after the initial chamber, expands at a low 
angle and so has a subcylindrical shape .  The length of 
this portion ranges between O . l and 0 .3  mm. This por
tion is of ten more curved than the following juvenile 
shell .  The rna in part of the juvenile conch expands rather 
constantly, at an angle between 3 and 1 3 °. The proximal 
growth angle is fairly diagnostic for species .  The juvenile 
part normally constitutes about 20 to 30 % of the total 
conch length .  In some specimens of Tentaculites hisingen 
the juvenile part com prises almost 40 % of the total 
length . 
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Fig. 1 1 .  Initial chambers. D A, B. Odessites majstriensis, views 
perpendicularly opposed, both x 40. SMNH X 1 575 ; Majstre I ,  
Got 76-44 SB.  D C ,  D .  Odessites prolatus, views perpendicularly 
opposed , both x 50. SMNH X 1 699;  Petsarve 9 ,  Got 76- 1 5  SB. D 
E, F. Initial chamber and early proximal part, x 1 1 5 ,  and detail 
of former, x 500. Podalites hedei, SMNH X 1 1 8 1 ;  Gothemsham
mar I ,  MS 669. D G.  Longitudinal section of initial chamber, 

x 300. Podalites tematus ?,  SMNH X 1 1 7 5 ;  Gothemshammar I ,  
MS 895 .  D H ,  I .  Internal mould of initial chamber and early 
juvenile part, x 1 00 ,  and detail of former, x 1 000.  Probably 
young individual of Odessites lebiensis, SMNH X 1 697 ; D J .  
Internal mould o f  initial chamber and early juvenile part, x 1 00 .  
Probably young individual o f Odessites lebiensis, SMNH X 1 698 .  D 
H-j .  Ramsåsa 8, Ra 7 1 - 1  KL.  
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Fig. 1 2 .  Schematic longitudinal section to demonstrate different 
septal arrangements, from free, A, to endoconic ,  E, septa. D A. 

The interior of the juvenile part is divided by trans
verse partitions termed septa (sing. septum) .  These form a 
series of cones with the apices truncated inserted to some 
extent into each other. The septa have two principal 
attitudes : free and well spaeed, or lying close together to 
form structures resembling the endocones of certain 
nautiloids (Fig. 1 2 ) .  In the descriptions these two main 
types of septa are called free and endoconic respectively . 
The number of septa varies both inter- and intraspecifi
cally. Normally 5-1 0  septa are developed in adults, but 
up to 20 septa have been observed in speeimens of e .g .  
Odessites inflatus and Dicricoconus cracens. There are many 
more septa when endocones are developed. 
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Dicncoconus gutnicus. D B . Turmalites slitiensis. O C. Lonchidium n .  
sp . ,  O D. Tentaculites hisingen. D E. Tentaculites scalarn. 

The spaeing of the free septa is quite variable . In some 
speeies it is regular, but in others there is a high va ria
bility. The spaeing is commonly 0.3 to 0.6 mm, but may 
be greater or less .  

The septa may or may not be symmetrical .  Within most 
speeies the mode is consistent, although variations in 
shape may occur (Fig. 39E) .  

The septum can be divided into two principal parts, the 
free part and the mural part. The free part is usually either 
flat or concave , rarely convex. The latter shape is re
garded as anomalous. Generally, the shape of proximal 
and distal sides of the free part is similar. However, there 
do occur septa with a flat proximal side and concave 
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distal side (Fig. 60C) .  Mostly, concave septa are evenly 
curved, but in same species may be irregular (Fig. 45G) .  
The free part may be perpendicular or oblique to the 
lang axis (Fig. 6 1 F-G) .  

The mural part of the septurn comprises the part in  
direct contact with the conch wall. I t  is a direct continua
tion of the free part and overlaps, partly or entirely, the 
mural part of the preceding septurn. The mural parts are 
fairly lang in most species and taper gradually towards 
the distal end. In  certain species they taper rather rapidly 
befare the next septurn (Fig. 60C) .  The length may differ 
around the circumference ; ane side may taper very 
sharply while the other extends for a considerable length . 
This feature is particularly. well seen in Tentaculites ob
stipus and T. hisingeri (Figs. 32D and 28E) .  Thus,  the suture 
forming the contact bdween the mural part and the 
conch wall may be straight, oblique or sinuous. However, 
it is not easily seen because it leaves no imprint on the 
internal mould of the living chamber. 

In many speeies with free septa those distally com
monly have thickened mural parts. (Figs . 1 2B  and 4 1 F) .  
This distal region i s  called accretion zone and corresponds 
partly to the Anlagerungszone of B lind ( 1 969,  Fig. 6). B lind 
noted different development of this zone within a 
speeies, relating to the environmental setting in which the 
tentaculitid dwelled. Thus, thickened septa were in
terpreted as stabilizing the conch in a vertical position in 
the substrate with the narrow end downwards (Bl ind 
1 969 :  1 35 ) .  The greatest thickening characterized spee i
mens living in an arenaceaus substrate . The thinnest 
septa were regarded as typical for speeimens living in 
muddy, quiet environments. Speeimens laeking septal 
thickening, but found with many conchs which had a well 
developed accretion zone, were interpreted to have dwel
led inside empty, vertically standing tentaculitid conchs, 
even in those of the same speeies. The empty conchs 
would , according to B lind, have taken over the anchoring 
function of the thickened septa (Blind 1 969 :  1 3 5 ) .  I 
cannot believe this explanation and shall return to this 
topic in a later chapter (p .  53 ) .  B lind ( 1 969 :  1 3 5 )  
rejected phylogenetic significance for the various kinds 
of septurn. In contrast, I consider that the septa are 
indeed characteristic for certain taxa, especially on a 
generic or specific level. Thus, the type of septurn is 
constant within a speeies,  even if speeimens are found 
from different environments. As an example, specimens 
of Tentaculites hisingeri are found both on Gotland and in 
Scania in marls, calcareous mudstones, calcarenites, 
sandstones, oolites ,  and always have the same endoconic 
type of septurn. Speeies of Dicricoconus are also found in 
various environments but always have similar very thin, 
well spaced septa. 

In speeies with an accretion zone in the septal region, 
the free parts of the septa are always clearly disting
uished. They aften maintain more or less the same width 
along the zone , the diameters may decrease and then 
increase gradually (Fig. 3 9E) .  Generally the total length 
of the accretion zone is 2 .0 to 2 . 5  mm. Exceptionally, the 
length may reach 5 mm. 

The conjunction of the inner organic layer of  the 
primary shell with the organic layer forming the out-

ermost layer of the septurn makes it easy to distinguish 
the septurn from the primary shell. This feature differs 
in appearance because of the variation in thickness of the 
organic layers among speeies. The overlapping mural 
parts are less distinguishable individually. In speeies with 
particularly lang mural parts , there is a complete stack of 
laminae from the first to the last septa forrned without 
intercalated organic layers being apparent (Fig. 50E) .  
Thus the entire stack of mural parts wi l l  be seen In 
section as ane lamellar unit. 

The outermost laminae of mural parts generally lie 
paralleI to the primary shell wall . Inwards, the undula
tion reflecting the shape of the conch wall decreases and 
the mural parts lie subparallel to the lang axis of the 
conch. The wall is commonly entirely smooth befare 
septal development starts , e.g. Tentaculites obstipus (Fig. 
32D) .  Mural parts may be marked ly oblique to the lang 
axis, i .e .  where the septa form endaeanes . Here, the 
contact between the primary and secondary shells is 
clearly discordant. 

Endoconic septa appear as a series of thin cones 
inserted tightly into each other and with the apices 
directed proximally. The shape of the cones varies even 
in ane specimen. The proximal end may be pointed , 
rounded, or truncated .  Free and mural parts cannot be 
distinguished .  The angle between the sides of the cones 
and the lang axis ranges between 10 and 30°. The angle 
generally changes from lower in the proximal cones to 
higher in the distal (Figs .  1 2D and 32D) .  The change 
reflects stranger accretion of lamellae in the proximal 
part of cones in later forrned septa. The endoconic 
structures may develop along the entire juvenile portion 
to form a massive body of septa. However, more com
monly the more proximal septa are free and the en
docones are confined to the distal septa region.  Then, the 
endocones normally occupy a length of 1 . 5 to 2 . 0  mm. 

A narrow elongate structure through the apices of 
endaeanes, is frequently seen.  Dewitz ( 1 883 : 84--85 ,  Fig. 
l c) also interpreted this structure as a canal for soft 
tissues. Closer examination shows it not to be a canal, but 
instead a series of very narrow camerae . These are 
limited proximally and distally by the thin apices of the 
endaeanes, and laterally by incompletely developed en
docones which lack apices .  There is same diffraction in 
the proximal and distal narrow apices which heightens 
the impression of a lang continuous cavity. 

Septal thickness is variable, even within a speeimen .  
Generally, the more proximal septa are thinner, 0 .0 1 to 
0 .02 mm. The distal septa may be 0 .05  to 0 .07 mm thick. 
In man y speeies the last 4 or 5 septa are considerably 
thicker than those befare. There may be alternating thick 
and thin septa, e .g. Dicricoconus cracens. 

The mural part, or at least the first portion of it, has 
the same thickness as the free part. The thickness may 
change rather rapidly, as in Seretites ? cataractae. The distal 
lamellae of the free part generally form the inner 
laminae of the mural part. Thus, the tapering of the 
mural part takes place in the inner lamellae. However, 
this does not apply to strongly thickened septa, where 
new lamellae are stacked successively on ly on the mural 
parts (Figs. 39E and 42D) .  Such thickening leads to drastic 



Fig. 1 3 .  Internal moulds of living chamber showing symmetrical 
imprints from the septa. A-C . Ramsåsa 8, Ra 7 1 - 1  KL. O A. 
Probably Tentaculites scalaris, SMNH X 1 696, x 75 .  O B. Genus 

narrowing of the proximal part of the living chamber 
into an elongate funnel. This is seen clearly in moulds 
(Fig. 1 3A) .  

In almost all speeies the last forrned septurn of adult 
individuals is most strongly developed. No doubt this 
relates to its function of support for the soft tissues 
during the adult stage . I t  is evident that there were 
symmetrical oval impressions in the mural parts of septa. 
These are seen in phosphatized internal moulds of the 
living chamber of at least two speeies, including Tentacu
lites scalaris von Schlotheim, in samples from one horizon 
at Ramsåsa 8, Scania, i.e. the bone-bed of layer p (Gron
wall & Moberg 1 909) .  Etched sam ples from this horizon 
have yielded numerous moulds with a symmetrical , oval 
platform bounded at its proximal en ds by a furrow (Fig. 
1 3 ) .  This platform attains its highest relief in its proximal 
part, while the distal end is more or less continuous with 
the more distal part of the mould. In well preserved 
moulds the shallow furrow l imiting this zone may be 
traced.  The structure is best seen in fully adult speei
mens. In  juvenile speeimens it may be traced ,  but the 
platform is poorly developed and only the proximal 
oval-shaped furrow may be seen (Fig. l 3C) .  Moulds of 
the initial chamber and the adjacent extreme proximal 
part do not show similar structures. Thus, these 
structures developed gradually in size as the adult stage 
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and speeies indet. , S M N H  X 1 694 , x 75 .  O C .  Genus and speeies 
inder. , SMNH X 1 695 ,  x 75 .  

was approached. The surface appears the  same inside 
and outside the oval zone. However, this may be due to 
the preservation of the moulds, many of which are 
corroded (cf. Fig. 1 3A) .  

The platforms are negat\ve casts of structures on the 
septa. Hence, they represent symmetrical, oval depres
sions, deepest in the proximal part and surrounded by a 
low ridge. 

Comparable structures, although with some important 
differences, have previously been described by Lardeux 
( 1 964 : 593 9 ;  1 969 :  I l ,  Fig. 2, Pl. 4 :  1 -4 ) .  On structures in 
moulds of Volynites velaini, the elevated zone at the 
proximal end is divided into two identical halves by a 
furrow, and this is lined on each side by a row of minute 
tubercles which continue far behind the elevated zone. 
These two features are not present in my material. 
Otherwise the structures are strikingly alike and it i s  
reasonable to ass urne that they had a similar function. 
The differences may be genetic. 

In speeies with free septa, there are cavities between 
septa. These are called camerae (sing. camera) .  Their 
shape and size is entirely dependent on the shape and 
spaeing of the septa. Thus, the camerae may be cylindri
cal or subcylindrical. Camerai shape is remarkably con
stant even in speeimens where the mural parts of the 
septa are conical, e .g .  in Podolites ternatus (Fig. 53F ) .  Then 
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the lamellae of the mural parts are truncated. The 
proximal part of the camera is generally gently rounded 
but may be rather pointed especially if  the septa are 
strongly conical (Fig. 42D) .  The distal part of the camera 
is generally flat or slightly concave. 

There is no communication between camerae , i .e. the 
septa are not perforated .  This contradicts B lind's ( 1 969 :  
1 23-1 24) statement that such perforations occur and are 
lined by structures analogous to septal necks in 
cephalopods. Not one specimen among severai hundreds 
sectioned for this study, nor among more than 600 
sectioned conchs studied from other collections has 
showed either such structures or perforated free parts of 
the septa. 

The wall of the primary shell is uniformly thick. It 
extends from the embryonic to the adult part .  Its thick
ness is generally between 0 .02 and 0 .04 mm. The primary 
shell is normally easily distinguished from the secondary 
shell because of an intermediate organic layer. 

Adult part 

The major, distal part of the tentaculitid conch com prises 
the adult part. I ts proximal limit is defined as where the 
growth angle of the conch changes most rapidly , nor
mally to be lower than in the juvenile part. In some 
species, e.g. Podolites paeninsulicola, the change is not 
obvious and the same rate of expansion is maintained 
more or less throughout the conch. In mature specimens 
the last septurn is forrned in the region where the growth 
angle changes .  I t  thus constitutes another character to 
distinguish the juvenile and adult stages .  Many species 
show a change in ring pattern between the two parts ; this 
will be discussed in a later chapter (p.  50 ) .  

The distal limit of the  adult part is the  open end of the 
conch, the aperture. This term is certainly not confined to 
adult stages .  Its position and size will vary according to 
the growth stage of the conch. In mature specimens the 
adult part com prises 70-80 % of the total length of the 
conch. 

The adult part is expanding (at 2-4 °) or subcylindrica! . 
Both shapes are common. 

The interior of the adult part com prises the living 
chamber, i .e .  the cavity in which the soft tissues of the 
tentaculitid animal were supported. The term applies to 
the distal cavity throughout growth . For much of the 
ontogeny the living chamber will extend into the proxi
mal part to various amounts depending on the stage of 
septal development. In the adult, the living chamber will 
of course be the cavity between the last forrned septurn 
and the aperture. 

The shape of the living chamber is largely determined 
by the auitude of the conch wal! . Certain elements 
modify this shape. The shape of the proximal end is 
determined by the morphology of the last septurn.  It may 
or may not be symmetrical with a wide or narrow, 
pointed, rounded, or obtuse apex. There are all grad a
tions among these shapes . Variation may occur within a 
specimen because the septal shape changes during 
ontogeny, e.g. in Odessites petilus. Generally, the shape of 

the last septurn is fairly constant within species .  This 
character is occasionally us ed as diagnostic for species. 

The symmetrical impressions which are best developed 
in the most distal septa, and which lie proximally in the 
living chamber, are similar in position to the periphract 
in nautiloid cephalopods. The latter has been demon
strated to function as an area of attachment for retractor 
muscles , etc. (Mutvei 1 95 7 ;  Teichert 1 964 : K26-27 ) .  I t  is 
tempting to infer a similar function for the imprints 
found in tentaculitids . However, the available material is 
scanty and confined to a few species from one locality. 
Therefore, it is of liule value to speculate further now on 
this subject. More finds of well preserved moulds of the 
living chamber are needed to add to knowledge of the 
surface structures of the internal wal! .  Then the relation
ship between the soft parts and the conch may be better 
understood. 

The smoothness of the wall surface of the proximal 
part of the living chamber will depend on the length of 
the mural part of the last septurn.  The general tendency 
in all growth stages is for the interior of the rings to be 
filled by secondary shell deposits (Fig. 56H) .  In the septal 
region of many species, the interiors of the rings are 
filled almost com pletely to produce a smooth wall surface 
before secretion of septa (Fig. 32D ) .  However, some 
specimens,  e .g .  of Tentaculites scalaris von Schlotheim , 
show the first septal larninae filling the rings (Fig. 33B ) .  

Secondary deposits almost cover the  conch, except for 
the most distal rings. The infill is greatest in the proximal 
part of the living chamber. I t  decreases gradually towards 
the aperture. In some species , e .g .  Tentaculites hisingeri 
and Odessites portensis, this modification of the internal 
wall surface occurs slowly. Here , the wall surface becomes 
more irregular as lamellae are stacked mainly on the 
inner proximal surfaces of the rings. They produce 
steeply inclined annular shelves and annular constric
tions of the living chamber (Figs. 28D ,  F and 49E-G) .  

The amount and  rate of infill vary among species .  
There is some taxonomic value. Species with strongly 
developed rings which are deeply concave interiorly have 
a more uneven internal wall surface than species with low 
rings. The internal wall surface may be smooth , gently 
undulating, terraced or serrate in section,  depending on 
the inclination and shape of the rings and the amount of 
infil!. Infill with secondary shell deposits and hence 
internal wall shape varies along the conch. 

All these surface structures are easily seen. However , 
other surface structures are of a very different 
magnitude. This kind has so far only been seen in one 
species ,  but is probably also present in other species .  
Normally, some verrucosity will be visible on the internal 
wall surface at a magnitude of x 1 00 (Fig. 14 ) .  At higher 
magnification, x 500-1 000, the se microstructures resolve 
into longitudinal or slightly oblique elements which give 
the wall surface a slightly plicated appearance (Fig. 
14B-C) .  These riblets are poorly defined, but they seem 
to lie immediately proximal to, and clearly extend into 
the interior of, the rings (Fig. 14C) .  Another less prom
inent surface structure is forrned by irregular, minute, 
knoblike elevations which cover the whole internal 
surface. Again the available material is l imited and it is 



not yet known whether these knoblets are comparable to 
the structures terrned Hoekerehen by B lind ( 1 969, Pl .  1 3 :  
3 ) .  The latter were demonstrated to form conical term i
nations of the pseudopuncta. In species with well-de
veloped pseudopuncta, like one Alternatus ? species from 
the Mulde Beds, and Tentaculites sealaris, these are clearly 
terminated by small conical tubercles on the annular shelf 
(Fig. Se) .  However, this has so far only been observed in 
section. I t  is generally rather difficult to clear matrix 
from the living chamber to perrnit a view at large 
magnification;  the matrix tends to be firmly attached to 
the internal wall surface. 

The wall thickness of the primary shell increases slowly 
towards the distal end. In  most species, the thickness 
ranges between 0 .05-0 . 1 0  mm. The region closest to the 
aperture is generally much thinner. This is most con
spicuous in conchs where an interspace and a ring have 
just forrned and before the secondary shell has developed 
(Fig. 55B) .  

Aperture 

The soft tissues of the tentaculitid animal emerged 
through the open end of the conch.  By analogy with 
other shell-bearing groups this opening is called the 
aperture. The edge of the conch surrounding the aperture 
is called the rim. This edge is always entire and never 
shows any indentation. The aperture is always circular in 
undamaged specimens. Some conchs with the aperture 
preserved show various amounts of compression at the 
distal end deforming the apertural outline . This is a 
secondary effect caused by post-depositional compaction. 
The conch closest to the aperture is most strongly com
pressed because this is the part where the conch wall is 
thinnest. The apertural orientation follows the ann ula
tion to be perpendicular or oblique to the long axis . 

The apertural development depends on the growth 
stage at death. The aperture may be in a ring-free area 
(Fig. 45F)  or be composed of a ring (Fig. 44F) .  Severai 
adult specimens have a longer area without rings before 
the aperture . The area is severai times longer than the 
normal interspaces of the tentaculitid (Fig. 56A) .  I t  also 
has a somewhat thinner wall. Such a development of the 
conch has been distinguished by some authors as the 
aperture region (Ljashenko 1 959 ,  Fig. S ) .  However, in 
some examples it may be seen , that this area is terminated 
distally by a new ring. Thus it should be regarded merely 
as a special development of the ring pattern. Besides, an 
aperture will always be present at any growth stage of the 
conch and the term should not be confined to the 
opening in an adult stage . 

No operculum has been seen covering the aperture. 
Therefore , B lind's ( 1 969 :  1 1 9-1 2 1 )  suggestion that the 
tentaculitid conch was operculate cannot be corrobo
rated . B lind's hypothesis seems to be based entirely on a 

Fig. 1 4 .  Oblique apertural view of living chamber in Podolites 
ternatus illustrating longitudinal sculpture on the internal wall 
surface of the chamber. O A, B x 250. O C x 500. SMNH X 
1 1 92 ; Gothemshammar l ,  MS 895 .  
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few thin-sections which show odd shell fragments scat
tered in the apertures of some conchs (Pl .  1 4 :  3-4, 7 ) .  
The figures reveal nothing t o  prove the presenee of an 
operculum. That B lind's figure Pl .  1 4 :  5, reproduced 
from von Schlotheim ( 1 829 ;  Pl. 2 9 :  9), is  a cranidial 
fragment of Calymene sp. has been pointed out by Jaeger 
(in Schrank 1 97 0 :  577 ) .  Com parison of the fragment with 
the tentaculitid conch resting next to it shows im
mediately that B lind's interpretation is unreasonable ; the 
difference in size of the two shells excludes any con nec
tion.  Surprisingly, the ide a of an operculum in 
tentaculitoids is maintained by B lind & Sturmer ( 1 977 ) .  
This interpretation of  the small rounded shell fragments 
on Fig. 5 must still be regarded as mere speculation . 

I have examined more than a thousand samples with 
severai tens of thousands of tentaculitid conchs, many in 
section, yet have found no structures which could be 
interpreted as opercula. Nor are there any structures 
which could belong to an opercular apparatus ,  such as 
surfaces for the articulation and musculature of the 
operculum. One cannot entirely exclude that an 
operculum could have been made of a substance which 
does not preserve. However, while nothing is known of 
the morphology of the soft parts it is not constructive to 
speculate further. 

Surface of the conch 

The most conspicuous features of the tentaculitid conch 
are the various surface structures. These are dominated 
by a transverse annulation with rings of different sizes 
separated by ringless areas of various lengths . Less dis
tinct though visible to the naked eye, is  a min ute longitudi
nal ornamentation which is present in almost all taxa. The 
basic surface structures show great variety in develop
ment and are highly significant for taxonomy of the 
tentaculitids .  

The annulation is either perpendicular or oblique to 
the long  axis of the conch. The obliquity, which vary 
from 90° to 60° from the long axis is called the annular 
slope (AS Fig. 4 ) .  In most cases the same annular slope is 
maintained along the full length of the conch , as in 
Tentaculites obstipus. However, there are other species with 
both types in the same specimen, e .g. in Tentaculites liquis. 

Two main types of rings can be distinguished on size 
and construction (Fig. 1 5 ) .  The larger rings , affecting 
most of the wall s�ructure, are simply called rings. The 
smaller ri ngs, which have a much simpler construction 
and in volve only some laminae, are called annulets. The 
latter lie between the rings and commonly also on their 
distal slopes. The annulets are fairly homogeneous in size 
and development, and need not be subdivided .  In con
trast, the rings exhibit a considerable size range, so for 
description require further division. The largest rings , 
easily recognized in most species, are ca lied primary rings. 
They generally delimit cycles of rings which in many taxa 
are especially typical of the distal conch. The smaller 
rings are more heterogeneous in size and not easily 
placed into secondary or tertiary orders of magnitudes . 
They generally inCl'ease gradually in size in a distal 
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Fig. 15 .  Schematic figure of exterior of tentaculitid conch to 
illustrate the terminology for transverse and longitudinal orna
ment. 

direction. This is obvious within each cycle, but of little 
significance for comparison of adjacent cycles .  Thus, 
these rings are described collectively as secondary rings, of 
a smaller size than the primary rings. In  most taxa there 
is a distinet difference in size, shape and construetion 
between primary and secondary rings. The differences 
are particularly well seen in the interiOI- of the rings. The 
distinction of primary and secondary rings applies within 
speeies ;  primary rings in one speeies may resemble sec
ondary rings of another speeies. 

Generally, the annulets and rings are easily disting
uished by size and construetion . However, there are 
instances when the sizes are very similar and then distine
tion may be difficult . This applies especially to the 
extreme juvenile portion in many speeies. Then, the best 
designation is just embryonic or juvenile rings. In species 
with a cyclic ring pattern in which rings increase gradu
ally in size towards the distal end, there may in adults also 
be rings which are difficult to designate. This is found 
especially in eroded conchs , because when only the basal 
part of the annulets is left, they resemble the earliest 
rings within each cycle. However, the problem may of ten 
be resolved by sectioning. 

The rings are usually uniform around the circumfer
ence. Sometimes,  fluctuations occur in width and height. 
A ring may suddenly become the size of an annulet. This 
is seen in Volynites muldiensis, where the secondary rings 
immediately before the first primary ring may exhibit 
such fluctuations (Fig. 56B ) .  Similar fluctuations  are seen 
in rings of Contractenus Ljashenko (Ljashenko 1 959 ,  Fig. 
4d-e ; Pl . 1 4 :  1 -3 ) .  

Rings are generally arranged in  a pattern characteristic 
of the genus and speeies .  The simplest pattern is of 
gradual inCl-ease in size and spaeing of rings along the 
entire conch , as in the genus Alternatus ? There are always 
some fluctuations in ring density,  but the basic trend of 
the ring pattern in maintained . 

In the majority of taxa, there is more than one ring 
pattern per conch : There are generally two, but of ten 
three . The proximal part of ten exhibits one ring pattern , 
the distal part another. The former may show rings 
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Fig. 1 6 .  Schematic section of ring to illustrate the morphological 
terms for description. 

alternating either with ringless partians or with ane or 
more annulets. There is always a gradual distal increase 
in size and spacing of the rings and in the number of 
annulets. The distal part usually has its own ring pattern; 
primary rings may be spaced regularly or irregularly 
among either secondary rings and annulets or on ly the 
latter. A cyelicity for the rings is common. I t  involves a 
progressive increase in their number and size per cyeIe, 
e .g. in Podolites ternatus. In severai species, as in 
Lonchidium ogmotum and L. scanicum, the twa distal rings 
of each cyele are prominent and gi ve the ring pattern a 
bi-annulate appearance. Well spaced primary rings 
alternating on ly with annulets are typical, of e .g .  
Dicricoconus gutnicus and Dicricoconus tenuissimus. A differ
ent type of ring pattern, where primary rings and an
nulets alternate regularly from the proximal juvenile part 
along the entire conch, is present in for example 
Tentaculites hisingeri, Gotlandellites visbyensis and G. 
areolatus. 

Ring arrangement is an important taxonomic character 
for Silurian genera . This is also well known from Devo
nian tentaculitoids (e .g . ,  Boucek 1 964 ; Ljashenko 1 958 , 
1 969a--c ; Lardeux 1 969) .  On species leve! ,  the ring pat
terns , especially the ring density and the cyeIes ,  are 
important but the shape and construction of  the rings are 
more so. 

The two basic types of annular ornaments, rings and 
annulets, vary in attitude, shape and general construc
tion. Their use for taxonomy makes description im
portant. A special terminology is assigned here for these 
features ;  same of the terms are already in use, others are 
introduced. To describe the annulation fully, a section of 
the conch to reveal the internal structures of the rings 
and the ringless areas is needed. In conchs with ann ula-
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tion perpendicular to the long axis, cutting sagittally will 
produce a true cross-section. When the rings are oblique, 
however, such a section will give a false impression of the 
ring geometry , which wiII become more accentuated the 
higher the obliquity. Thus, be fore such conchs are sec
tioned, the specimen must be carefully fixed. Fortunately 
only a limited num ber of  species examined possess obli
que annulation .  

For cross-sections ,  i t  was found favourable to apply for 
the various ring structures a terminology which is partI y 
in use by structural geologists for describing folds .  This 
might seem unusual, but it has been convenient and 
largely appropriate for the ring structures. Structural 
geologists describe folds as viewed along an imaginary 
cross-section or perpendicular cut, so the analogy is not 
remote although there is an immense difference in order 
of magnitude. However, the three-dimensional picture of 
the annulation must be kept and all observations must be 
related to it .  The terms described in the following 
paragraphs are shown in Fig. 1 6 .  

The rings form circular folds of the wall ,  either 
perpendicular or oblique to the long axis of  the conch . 
Viewed in cross-section this folding involves deflexion of 
the laminae about an imaginary axis which intersects the 
plane of section at the point of maximum curvature of 
each lamina. Theoretically the axis will form the tangent 
to the point of  intersection .  The sum of all such points 
around the ring circumference will be a line of  maximum 
curvature , which would correspond to an axial line in 
terms of general fold geometry. Here, this line is ca lied 
hinge line or, simply, the hinge of the ring. Each ring has 
two limbs which descend from its maximum curvature . 
The term limb implies the entire wall, while slope refers 
on ly to the external surface of the limb. The highest 
point of the ring is its crest and the imaginary line 
con netting all the highest points along the circumference 
of the ring is caIIed crestal line. Commonly, this line wiII 
coincide with the hinge line. 

The thickness of the ring is increased towards the 
interior of the conch by the successive addition of 
laminae. The deflexion of  the se laminae follows the 
trend of those outermost, initially with the same curva
ture but this gradually decreases towards the interior. 
Through the stacks of  folds will pass an imaginary 
surface which contains all the hinge lines of  the indi
vidual laminae . This is the axial surface. I t  will cross the 
circumference and approximately bisect the ring. The 
axial surface may be plan ar or curved.  Thus, in three-di
mensional view it will form a planar disc or a cone, 
although this is of  little practical interest. I t  is the trace of 
the plane as seen in cross-section,  the axial trace, that is of 
particular value in description of  the ring geometry. 

Depending upon the relationship of  the two limbs of 
the ring to its axial surface, symmetrical or asymmetrical 
rings will be formed. In the former type, the axial surface 
will everywhere be equidistant from the limits of the two 
limbs of the ring as defined in any lamina. The axial 
surface bisects the ring into identical halves and the hinge 
line coincides with the crestal line. The axial surface is 
planar and its trace in cross-section will be orthocline. An 
asymmetrical ring is ane in which the axial surface is not 
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everywhere equidistant from the limits of the limbs as 
defined in any lamina. Generally the limbs of such rings 
dip at different degrees. Frequently the hinge line and 
the crestal line converge . Depending upon the attitude of 
the axial surface, its trace will be either prosocline, if it is 
inclined in distal direction, or ophistocline, if it is inclined 
in proximal direction.  The trace of the axial surface will 
seldom be planar but will be either prosocyrt, i .e. curve 
forwards , or opisthocyrt, i .e. curve backwards .  The stron
gest curvature of the axial surface is commonly in the 
outer part of the ring, while it becomes more plan ar in its 
inner part. This is well seen in e.g. Dicricoconus aemulus 
and D. cracens. 

Occasionally, the laminae forming the rings have a 
hemispheroidal curvature when viewed in section .  In 
such a ring it is impossible to define an axial surface 
because there is no hinge line. Towards the interior, the 
curvature generally changes and an axial trace may be 
distinguished. Such rings are found in e .g. Odessites 
injlatus. 

The shape of ri ngs is an important character for 
identification of tentaculitids .  This feature is again best 
studied in section .  In the material examined, the follow
ing basic shapes could be distinguished : angular, cuspate ,  
convexo-concave, convexo-plane , and  bi-convex. The 
three latter shapes describe rings as viewed from proxi
mal to distal. The roundness of the crests and the 
development of the contact between the slopes of each 
ring, i .e .  the hinge line , vary. Commonly, the hinge line is 
very sharp-edged (Fig. 57C-E) ,  but the contact may also 
be indistinct and difficult to point out exactly. 

The proximal slopes of  the rings are almost entirely 
smooth, while the distal slopes frequently have 
superimposed annulets and longitudinal elements. In  
some species these annulets are coarse and may make it 
rather difficult to define the actual shape of the distal 
slope of rings. In  section such slopes are plicate as in e .g .  
Lonchidium ogmotum. In  rings with such annulets, there i s  
of ten a conspicuous furrow between the crestal l ine or 
hinge line of the ring and the first annulet (Fig. 28C) .  
This  is called the crestalfurrow. Of ten the lirae occupying 
this furrow emphasize its presence (Fig. 28C) .  

The interior of the rings was  briefly commented upon 
earlier (p .  3 8 ) .  The concavity produced by the annular 
flexure of the wall is called annular concavity. I t  forms an 
annular protrusion of the l iving chamber. This feature 
was called Bucht by Dewitz ( 1 88 3 ,  Fig. 2 s ) .  The concavities 
are best developed in the rings closest to the aperture. 
They generally become modified as the conch grows and 
new lamellae are added to the rings from the inside of the 
conch. The annular concavities may or may not be 
symmetrical ; mostly they are asymmetrical .  In newly 
forrned rings , the shape of the annular concavity reflects 
the outer shape of the rings, but rather soon the shape of 
the concavity changes as lamellae are secreted, chiefly on 
the interior of the proximal limbs. This thickening in
wards of the ri ngs is not caused by a general thickening of 
one lamella but of a number of short lamellae which are 
strongly lenticular in cross-section (Figs. 8E and 56H) .  
These lamellae may rest discordantly on one another. 
The inner surface of the proximal limb attains a 

characteristic shape in many taxa, the widths and inclina
tions of lamellae towards the adjacent conch wall varying. 
The term annular shelf is introduced for this surface. This 
feature was called Leiste by Dewitz ( 1 88 3 ,  Fig. 2v)  and 
Aujlagefoiche by B lind ( 1 969 ,  Fig. 4). The structure is 
diagnostic in many genera. I t  also aids in definition of the 
two basic types of rings . Primary rings always show 
annular shelves which range from slightly prosocline to 
opisthocline . The shape of their annular concavities is not 
the same as the outer shape of the rings, generally shifted 
distally. The secondary rings have only prosocline annu
lar shelves and the shape of annular concavities more or 
less reflects the outer shape of the rings. This relates to a 
much more homogeneous thickness of the wall in these 
rings. The differences in the interiors of primary and 
secondary rings is well demonstrated in species of 
Lonchidium (Figs .  37D and 40E) .  

The terms introduced are also broadly applicable to 
the description of the annulets. Because these do not 
develop any continuously folded laminae, it is not possi
ble to describe laminar attitude in terms of the develop
ment of the axial surface. However, the wall is generally 
thin and has only a few,  almost paralleI laminae , so that 
some of the terms may be used for the description of 
their attitude. In  some species, e .g .  Lonchidium scanicum, 
the outermost parts of the annulets are strongly curved, 
generally with a prosocyrt attitude. 

The area of the conch between two rings is called 
interspace. This term was introduced by Boucek ( 1 964 ) ,  
for analogous structures in  dacryoconarid tentaculitoids .  
Other terms previously used, though inconsistently , are 
inter-ring area (Fisher 1 962 ; Churkin & Carter 1 970 ;  
Hajlasz 1 974) ,  interannular area (Sherrard 1 96 7 ;  Blind 
1 969 ,  Zwischenringfeld; Lardeux 1 974 , espace interan
nulaire; H ajtasz 1 974) ,  Internodien (Zagora 1 974) .  Inter
spaces form between various types of rings and thus will 
vary in magnitudes. In general three types may be 
distinguished : primary interspaces which lie between 
primary rings, secondary interspaces which lie either be
tween two secondary rings or one primary and one 
secondary ring. The third and smallest type of interspace 
will be that between two annulets or one annulet and a 
ring;  it is consequently called a tertiary interspace . 

The interspaces have concave or flat surfaces viewed in 
section. The concave interspaces occur mainly between 
annulets and smaller secondary rings . They form a direct 
continuation of the slopes of the adjacent rings. In some 
speCies, as in Dicricoconus cracens, there is also a pro
nounced concavity in the primary interspaces which gives 
the characteristic surface structure. In most species the 
primary in ters pace is flat. This is particularly evident in 
species which have widely separated rings. Besides being 
flat or concave , the interspaces may also l ie in different 
angles to the long axis. In  most cases the interspaces are 
subparallel with or diverge slightly from the long axis. 
However, there are some species in which the primary 
interspaces diverge or converge strongly. The former 
type viewed in section, resembles a series of incomplete 
cones inserted into one another. This i s  typical of inter
spaces in the genus Multiconus. It  i s  not a very common 
development of the interspaces in the material studied , 



and it always occurs in the early parts of the conchs where 
the growth angle is largest. Strongly convergent inter
spaces are common in  some species described here, e .g .  
Tmetabilopsis serratus and Volynites sealpmtus. In  these 
species, the inclination is 7-1 2 °  towards the long axis, 
generally increasing distally. In  Tmetabilopsis serratus a 
slightly convex outline of the proximal parts of the 
interspaces emphasizes the convergent attitude. 

Interspaces exhibit various types of transverse orna
ment. The primary interspaces have secondary rings 
and/or annulets, the secondary interspaces have only 
annulets. The tertiary interspaces lack rings. Instead, in 
many species ,  they show longitudinal riblets. 

An ornament hitherto much neglected is the min ute 
longitudinal riblets along the conch. They occur in most 
species and differ in size and density. For this type of 
ornament the term lime is introduced. They are defined 
as longitudinal fine parallei ridges on the surface of the 
conch, of a magnitude such that they are not easily 
observed with the naked eye. The term and its definition 
are essentially the same as used in cephalopods for both 
transverse and longitudinal minute sculptural elements. 
Longitudinal sculptural elements are common in 
dacryoconarid tentaculitoids, but are of much greater 
size and easily seen without any optical equipment. For 
those structures the term rib, as used by Boucek ( 1 964) ,  is 
suitable. 

Lirae have been little treated previously. The few 
papers dealing with these structures have used the term 
striae to designate the longitudinal elements. Ljashenko 
( 1 959) used the terms longitudinal furrows and wrinkles, 
Sherrard ( 1 967)  longitudinal striation, B lind ( 1 969) Liings
streif en, Churkin & Carter ( 1 970 )  longitudinal striae, and 
Hajfasz ( 1 974) described the elements as longitudinal 

furrows or striations. The terms striae and striation refer to 
the direct opposite of lirae : striae are small grooves, wh ile 
the lirae are min ute raised ribs separated by wide smooth 
areas (Fig. 1 7 ) .  Only Lardeux ( 1 969) recognized these 
sculptural elements correctly and used the term 
mieroeostule for designating them .  

Lirae occur in almost a l l  species examined. The only 
exceptions are the two species of Gotlandellites, which 
seem entirely to lack this feature. The lirae extend wholly 
along and around the conch. They cover the tertiary 
interspaces and cross the crests of the annulets (Fig. 1 7  A) .  
However, they rarely extend over the rings. Generally 
the re is a clear break in development of the lirae from 
immediately before the proximal slope of a ring to just 
after the crest . On ly a few species ,  e.g. Dierieoconus 
svarvariensis, have lirae on the crests and proximal slopes 
of  the primary rings (Fig. 63A) .  

The lirae are commonly wel l  developed on the distal 
slopes of the rings. They are always perpendicular to the 
rings, even in species with oblique rings. The density of 
the lirae changes gradually during ontogeny. They are 
more dense in the proximal than in the distal part. It is 
rather difficult to follow an individual lira because it 
becomes interrupted by rings , but it s .?ems likely that it 
should be quite persistent .  Thus, the decreasing density 
of the lirae probably reflects merely the expansion of the 
conch, and not disappearance of lirae. Density is com-
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monly 5-1 0 per O . l mm width. The spaces between lirae 
are generally 3-4 times the width of a lira. They are flat 
and smooth, and irregularities have on ly occasionally 
been observed.  In Diericoconus clintianus some very mi
nute striations occur (Fig. 1 7E) ,  but their nature remains 
obscure because the observations are so far very few.  

The construction of the lirae is not  known satisfactorily 
in detail. It  proved difficult to make transverse sections of 
the lirae for SEM studies .  Because of their minute size 
they generally become diffuse when the polished surface 
is etched before coating with gold.  However, the few 
incomplete sections made so far suggest that the lirae 
forrned by outward fold ing of the outermost lamellae of 
the conch, and consequently at the earliest stage of shell 
formation. 

Pathology, malformation and 
regeneration of the conch 
A striking feature of the tentaculitids studied is the great 
ability to repair damage to the conch by the generation of 
new shell . Repairs of injured conchs are very common in 
almost every species .  Among certain populations regen
erated conchs are especially abundant, e .g. in the muddy 
environments of the Mulde and Eke Beds .  Here , part or 
all of the conch has been fractured to leave jagged 
margins and then has been repaired by secretion of new 
shell substance. Sometimes there are severai attempts at 
repair before normal growth resurnes (Fig. l S C) .  The 
attempts were obviously interrupted by new fracturing of 
the conch. The healed injuries range from min ute round 
spots about O . l  mm in diameter to damage which sug
gests fracturing of the conch around its full circumfer
ence . 

The new shell repairing damage is always secreted 
from the inside of the conch. I t  starts well below the 
margin of the fracture (Fig. 1 9B ,  D)  obviously to enlarge 
the surface of contact against the old conch. The repaired 
part always attains the same diameter as the original 
conch. Sometimes regeneration involves completely new 
construction of rings well below the fractured margin of 
the old shell and direct contact is not established between 
the broken and regenerated shell. 

The regenerated rings are initially very distorted ,  and 
differences from normal in  attitude, size and dens it y of 
the rings generally continue for some length . However, 
annulation characterizing the species is soon resumed 
(Fig. l S C-E) .  The first lirae of the regenerated shell are 
also very irregular and diffuse and only gradually resurne 
their normal development (Fig. l S C) .  The regeneration 
of the shell nearly always follows the same long axis as the 
original conch. Thus, conchs geniculated as a result of 
regeneration are rare . 

The cause of injuries to the conch can only be specu
lated upon. I t  is tempting to point to predation as a cause , 
but other mechanisms could as well have been respon
sible, e .g .  fracturing by sudden strong currents or waves .  
The smaller round damages to  some superficial extent 
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Fig. 1 7 . Lirae. O A, B .  Lirae distal of, x 3 0 0 ,  and proximal to, 
x 500, primary ring. Seretites? versabilis, SMNH X 1 596;  Fol
lingbo 2, MS 4 2 0 .  O C,  detail of lirae at an  annulet, x 8 2 5 .  
Odessites lauensis, SMNH X 1 4 0 5 ; Lau Backar l ,  MS 4 5 6 .  O D,  E .  
Lrae in  secondary interspaees, x 2 5 0 ,  and detail of  lirae im-

mediately proximal to secondary ring, x 1 00 0 .  Dicricoconus 
clintianus, SMNH X 1 26 1 ; Svarvare l ,  MS 403s .  O F. Detail of 
lirae on distal ring slope of Dicricoconus svarvariensis, x 7 50 .  Note 
the bifurcation of zone lirae. SMNH X 1 604 ; Svarvare l ,  
G 7 5-3 MB.  



Fig. 1 8 .  Malformations and repairs to conchs. O A. Volynites 
muldiensis, SMNH X 1 67 3 ,  x 2 5 .  O B .  Same speeies as A, SMNH 
X 1 674 ,  x 2 5 .  A, B:  Mulde Tegelbruk I ,  MS 1 0/ 1 96 0 :  x.  D e. 
Seretites ? versabilis, SMNH X 1 693 , x 7 5 ;  Follingbo 2 ,  MS 420.  O 

resemble hoies produced by, e .g . , scavenging gastropods. 
Another type of malformation found commonly, and 

where the causes are perhaps more obvious, are distor
tions in growth, mainly displayed as irregularities in the 
formation of the rings. The latter have been proved by 
B lind ( 1 970)  to be caused by epizoans on the conch. 
Various epizoans ,  e.g. "cornulitids" and bryozoans , by 
settling on the conch dose to the aperture, disturbed the 
shell-generating epithelium in such a way that deflexions 
from the normal course of the rings occurred. It is 
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D.  Odessites majstriensis, SMNH X 1 57 2 ,  x 7 5 ;  Kattelviken 4 ,  MS 
7 7 8 .  D E. Lonchidium extensum, SMNH X 1 5 5 2 ,  x 7 5 ;  Bankvat I ,  
MS 8 7 7 .  

obvious that shell generation partly ceased for some time 
as a res ult of the epizoans .  

Irregularities caused by epizoans are com mon in 
almost every population studied on Gotland, but are very 
rare in Scania. Of ten no epizoans remain on the conchs, 
but epizoans found in situ show convincingly their dis
turbing effects (Fig. 20D). There is a marked increase in 
the frequency of distorted conchs when there are more 
epizoans. This can be easily observed in samples from,  
e .g. ,  marly horizons in the Mulde and  Eke  Beds, which 
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Fig: 1 9 .  Longitud,inal sections of conchs showing repairs to 
conch wall. O A. Volynites muldiensis, SMNH X 1 2 2 2 ,  x 200 ;  
Mulde Tegelbruk l ,  MS 1 0 / 1 96 1 :  x.  D B , C .  Lonchidium mobergi, 
x 300 and x 900 , SMNH X 1 62 1 ;  Ramsåsa 2 ,  Ra 7 1 -3 KL. O D . 

yield very diverse faunas of "cornulitids" and coiled 
serpulids. It  is striking that in Scania, where these two 
groups of epizoans occur only sparsely distortions of the 
tentaculitid conchs are rare. 

The mutual relationship between tentaculitids and 
epizoan organisms is a challenging topic for detailed 
study. Important information on the mode of life of 
tentaculitids and, perhaps , on their zoological affinity 
might be expected to be obtained. B lind ( 1 970)  consi
dered the positive phototropic growth of epizoans on 
tentaculitids as support for his theory ( 1 969) of an 
upright living position for tentaculitids with the apex 

Volynites muldiensis, SMNH X 1 226 ,  x 350 ; Mulde Tegelbruk I ,  
MS 1 0 / 1 96 1 :  1 .  O E .  Tractabilopsis serratus, SMNH X 1 1 22 ,  x 200 ; 
Haganas l ,  MS 489.  

anchored in the bottom sediment.  The present study to 
some extent corroborates Blind's ( 1 970)  results on the 
living attitude. However, investigation has been very 
limited and can only be regarded as a pilot study for a 
forthcoming more extensive study of epizoans vs .  
tentaculitids .  

From the locality of M ulde Tegelbruk l ,  located in the 
M ulde Beds ,  all tentaculitids with epizoans in situ were 
picked and counted. From a total number of about 4800 
conchs of three speeies ,  1 50 conchs or 3 . 1  % of the total 
number had epizoans. The proportion of conchs with 
disturbed growth was much higher, however. Of these 



Fig. 20.  Epizoans on Volynites muldiensis. A-O. Mulde Tegelbruk 
l ,  MS 1 0/ 1 96 1 :  coll . O A .  B ryozoan and "cornulitid", x 2 5 ;  
SMNH X 1 6 7 2 .  O B .  Bryozoan completely covering juvenile 
conch, x 25. SMNH X 1 6 7 8 .  O C .  Conchicolites sp., x 25. Note the 

I SO conchs the majority, or 140  conchs, showed different 
"cornulitid" epizoans, while attached bryozoans were 
confined to the other 1 0  conchs. The larval part of the 
"cornulitid" is generally parallei to the rings of the 
tentaculitid and very of ten rests on the distal slope of a 
ring. This mode of attachment is particularly common in 
the distal part of the conch. Proximally, the larval parts 
are more randomly oriented. There is a difference in the 
direction of the wider end of proximally and distally 
placed "cornulitids" .  In the distal part of the tentaculitid 
conch the majority of "cornulitids" have their wider end 
directed towards the aperture of the tentaculitid . In  the 
proximal part there are also many tubes with apertures 
directed towards the apex of the tentaculitid . In such 
"cornulitids" the main proportion have the wider end 
curving gradually upwards from the tentaculitid conch, 
so that only the proximal part is attached to the 
tentaculitid conch (Fig. 20A) .  The overall orientation for 
the "cornulitids" examined was determined, and 75  
conchs or  53 .6  % of the  total number had the  wider end 
directed towards the aperture of the tentaculitid conch, 
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change in i t s  d irection of growth. SMNH X 1 6 7 7 .  O D.  Larval 
"cornulitid" attached to distal slope of primary ring, x 2 5 .  Note 
disturbanee of the growth pattern of the tentaculitid. SMNH X 
1 67 6 .  

while 44 conchs (3 1 .4 % )  had the opposite direction .  The 
remaining 2 1  conchs ( I S  %) could not be referred to a 
group because only the larva l parts remained. From this 
simple study the following results may be tentatively 
established. 

The majority of the conchs with "cornulitids" in situ 
show tubes of the latter arranged with the larval part 
paralleI to the rings and preferably on their distal slopes 
and with the wider end directed towards the aperture of 
the tentaculitid . Where there are severai of these 
"cornulitids" on  the same tentaculitid, they occur around 
the entire circumference of the conch,  and are mainly 
confined to the adult part. In contrast, "cornulitid" tubes 
arranged with the wider end towards the apex of the 
tentaculitid commonly have their aperture directed at 
almost 900 to the tentaculitid conch. Their larva l parts are 
more randomly oriented . When severai such 
"cornulitids" occur on one tentaculitid conch, there is 
generally a preference for one side of the conch. 

Bryozoans found in situ on the tentaculitid conchs also 
show two principal modes of attachment. In  one, the 
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Fig. 2 1 .  Longitudinal section of epizoic bryozoan on Volynites 
muldiensis, x 260.  Note the extremely thin conch wall of the 
tentaculitid. SMN H X 1 2 23 ; M ulde Tegelbruk I ,  MS 1 0 / 1 96 1 : 
coll. 

bryozoan zooecia occur around the entire conch,  close to 
the aperture and sometimes completely surrounding it. 
Such conchs also have a thinner wall (Fig. 2 1 ) . The other 
mode is limited patchy attachmem on only one side of the 
tentaculitid conch. The zooecia may be more proximal 
and are not confined to the adult part of the tentaculitid . 

The principal locations of epizoans may be tentative ly 

imerpreted to show two modes of epizoan attachment. 
One implies attachment on the conch while the 
tentaculitid was al ive, the other mode suggests post
mortem attachment. On living temaculitids ,  the 
"cornulitids" favoured a position where their apertures 
were directed towards the temaculitid aperture, and 
bryozoans also took advamage of being close to its 
aperture. One may speculate at length on the possible 
relationship between host and epizoans ,  but the fact that 
epizoans caused distortions in the formation of its conch 
shows that frequently this relationship was harmful to the 
tentaculitid .  If the "cornulitid" animal were a suspension
feeder, which seems plausible, one may suggest that the 
tentaculitid animal during some stage of its adult l ife had a 
vertical mode of l ife with the aperture directed upwards. 
This supports B lind's ( 1 969 ,  1 970)  hypothesis . Whether a 
permanently sessile l ife or a partly free-living habitat was 
involved is difficult to assess from the present study. 
However, the model has objections ,  especially if  account 
is taken of the morphology of certain "cornulitids" .  
Severai of the "cornulitid" tubes attached near the 
aperture of the tentaculitid are voluminous with thick,  
wide conchs ,  and of ten larger in s ize than the tentaculitid 
host (Fig. 20A) .  The tentaculitid would probably have 
had difficulty supporting such an eaizoan while still 
maimaining a vertical position,  un less it could com
pensate for the imbalance. There are no morphological 
elements known which suggests such an ability in the 
tentaculitid. The large "cornulitid" conchs are always 
restricted to one per tentaculitid conch, so the possibility 
of post-mortem attachment remains .  

Observation of some sectioned conchs suggests that 
tentaculitids possessed the ability to encapsulate foreign 
particles which entered the living chamber (Figs. 22  and 
53G; B lind 1 969,  Pl .  1 2 :  l ) . However, the phenomenon is 
rare. In  one conch of Podoliles paeninsulicola severai 
particles have been encapsulated at different positions 
between the primary shell and the mural parts of the 
septa (Fig. 2 2 ) .  It  is notable that this encapsulement has 
resulted in a partial thickening of the mural parts . Thus,  
there are no signs of accretion of laminae to the particles 
in a pearl-like fashion , but the foreign particles have just 
been encysted.  

Ontogeny and functional 
morphology 
The ontogeny of tentaculitids has been treated in some 
detail by Lardeux ( 1 969) and B lind ( 1 969) .  The latter 
author gives a lengthy account particularly of the de
velopment of the embryonic stage and draws com pari
sons with the embryonic development of some recent 
cephalopods and gastropods. Many of B lind's conclu
sions seem too far-reaching, especially his postulates of 
trochophore and veliger stages for the early growth 
phases of tentaculitids. 

B lind ( 1 969 :  1 08 )  pointed out that in itial chambers are 
rarely found, especially those still attached to the juvenile 



part of the conch. This was corroborated by the present 
study. Thus, it is difficult in certain taxa to study the very 
early development of the tentaculitid conch . B lind ( 1 969 :  
44 ) refers a l l  but  two of h i s  il lustrations to  the genus 
Tentaculites and claims that his account of the ontogeny is 
based on this genus (Blind 1 969 :  1 26 ) .  I t  is obvious from 
his illustrations that only one figure shows a representa
tive of Tentaculites, i .e. PI.  1 7 :  3 which is denoted as 
Volynites sp. ! I regard it impossible to refer the initial 
chamber figured in PI. I l : l to genus because most 
genera except those of the family Volynitidae have initial 
chambers like that figured. Thus, the description of very 
early ontogenetic development can only be given broadly 
until exactly what the initial chamber of each genus looks 
like is known . 

From the present study I a&fee with B lind ( 1 969 :  1 28 )  
that the growth of  the tentaculitid conch is characterized 
by three major phases of development, i .e .  embryonic, 
juven ile and adult stages .  This is reflected in the 
threefold division of the conch . The same three growth 
stages were recognized by Lardeux ( 1 969) who described 
the basic principles of growth iind gave il lustrations using 
one representative of the family U niconidae (Lardeux 
1 969, Fig. 1 48 ) .  How the growth stages should be dif
ferentiated biologically can as yet only be speculated 
upon. B lind ( 1 969 :  1 27 )  assurnes the three growth stages 
correspond to phases

· 
of metamorphosis. This is plau

sible. However, I think it  is enough so far to demonstrate 
from the morphology of the conch that there are three 
well differentiated growth stages .  

The first hard tissue forrned is the initial chamber. I t  
may either be conical and passing directly into the 
juvenile part, or slightly drop-shaped with a weak con
striction distally, e .g. as in the genus Podolites. Some initial 
chambers show signs of a min ute elongate tip forming 
the apex (Figs. 1 1  E-F) .  The cross-sectional shape of the 
initial chamber shows a weak bilateral symmetry, which is 
soon lost as the external shape in section becomes com
pletely circular, and thus radially symmetrical. Internally, 
the bilateral symmetry is retained, however. The initial 
chamber and the earliest juvenile part is commonly 
curved, sometimes to a considerable extent (Fig. 52E) .  In 
some species the initial chamber lies at a marked angle to 
the juvenile part (Fig. 1 1J ) ,  but this seems exceptional. 
The most proximal juvenile portion commonly expands 
at a very low angle, and it may become subcylindrical in 
shape. 

The first rings, i .e .  those on the initial chamber, always 
tie oblique to the long axis but they rapidly become 
perpendicular to this axis in the early juvenile stage .  This 
development of the first rings was also shown by Lardeux 
( 1 969, Figs. 148b--c) .  

Juvenile growth i s  characterized by  the  formation of  
rings which are generally regular in size and spacing, and 
which increase gradually distally. The juvenile conch 
expands significantly. In most species the growth angle 
differs markedly from that during the subsequent, adult 
growth stage . The juvenile rate of expansion also differs 
considerably from that of the transition zone towards the 
initial chamber. The juvenile conch is thin and is com
posed of few laminae. A thin wall is forrned through the 
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Fig. 2 2 .  Speeimen showing inclusions of foreign bodies. D A. In  
the  septal region,  X 50,  and  D B ,  i n  the  distal conch. Podalites 
paeninsulicola, SGU type collection ;  Angmans l ,  unnumbered 
SGU sample (col!. J. E .  Hede) .  

juvenile growth stage and in part of the adult growth 
stage until the first septurn develops and the wall be
comes strengthened accordingly. Lardeux's ( 1 969 :  1 87 )  
state ment that the first septurn is developed "a considera
ble time" after the early adult growth stage has been 
reached is corroborated by many observations here .  
Septa never occur in conchs sectioned until after severai 
rings have developed and the growth angle has changed , 
which is after severai millimetres. B lind ( 1 969 :  1 27 )  
characterized the juvenile part a s  having a thin wall and 
thin septa, and therefore assumed formation of the first 
septurn during the juvenile growth stage . Late develop
ment of septa makes it easy to determine, even in 
fractured material , whether the tentaculitid was juvenile 
or adult at death. 

The transition to the adult growth stage involves seve
rai drastic changes in the growth pattern. The growth 
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Fig. 23 . Longitudinal sections of conch wall il lustrating the 
laminar arrangement in rings and annulets. O A. J uvenile ring 
of Volynites muldiensis, SMNH X 1 2 1 9 , x 700 ;  Mu lde Tegelbruk 
I ,  MS 798. O B. Adult primary ring and annulet of Odessites 

angle decreases, the ri ngs change in attitude and ar
rangement, and the first septa form in the most proximal 
part of the conch. A new element of the microstructure 
of the conch wall is the formation of pseudopuncta. 
However, this feature is not always distinct, and is missing 
entirely In severai taxa. The many changes In 
morphology at this level made B lind ( 1 969 :  1 26) post
ulate a new life habit for the tentaculitid. The general 
development of the in itial chamber and the thin-walled 
juvenile part without septa were taken as evidence of a 
free mode of life .  The commencement of an adult stage 
was cons idered to coincide with the change to a sessile 
mode of life with the narrow, proximal part inserted into 
the sediment and the aperture directed upwards. The 
septa were regarded as structure to stabilize the animal in 
this new position .  B lind ( 1 969 :  1 27 )  went further to 
suggest that some individuals utilised empty ,  vertical 
conchs as dwelling tubes and continued their develop
ment in these with a septal arrangement much reduced 
compared to ordinary specimens. That this suggestion is 
highly speculative and improbable will be discussed in a 
later chapter (p .  53 )  on ecology of tentaculitids. 

The pattern of adult growth shows the mechanism of 
formation of the conch. I t  is obvious from man y speci
mens sectioned, particularly those studied with SEM 
techniques, that the tentaculitid conch is an exoskeleton 
forrned by a shell-secreting tissue. Successive lamellae are 
added inwards. Thus, the very first lamina produced 
forms the outermost protective layer separating the soft 
tissues from the surrounding environment.  It is normal 
to assurne shell generation was from mantle-like tissue as, 
e . g. ,  in molluscs and brachiopods (e.g. Fisher 1 962 : 
w l 03 ) .  Contrasting opinions have been published too ; 
e .g. Boucek ( 1 964 : 29)  suggested outward accretion of 

portensis, SMNH X 1 688 ,  x 250; Klinta 4 ,  Kl 67-32 LJ . O C. 
Distal annu lets of Odessites lauensis, S M N H  X 1 409, x 250; Lau 
Backar l ,  MS S l .  

the laminae , and Yoder & Erdtmann ( 1 975 )  regarded the 
conch as a functional endoskeleton produced by a mantle. 

In  thejuvenile part, where the primary shell is thin,  it is 
of ten difficult to make detailed examination of the con
struction.  In the adult part such observations are much 
easier. The prima ry shell is secreted in sets of laminae . 
These are added , imbricating, with short surfaces of 
contact between sets. Thus, the construction may be 
compared to a series of cones inserted slightly into one 
another. Certainly the short contacts betwen laminae 
constitute points of weakness. Very soon after formation 
of the outermost laminae new sets of laminae are secreted 
towards the inside of the conch and thus strengthen the 
joints. It is interesting that, where the conch wall is 
partially destroyed,  the regenerated laminae healing the 
wound are added far below the margin of the fracture, 
when they create a larger contact surface . 

The contacts between laminae are fundamentally dif
ferent in rings and annulets. The latter form by outward 
deflexion of the outermost laminae then subsequent 
additions at some distance from their margin (Fig. 23B
C) .  The internal wall surface at an ann ulet will be more or 
less parallei to the long axis. In rings, the laminae 
forming the distal limb are attached dose to the margin 
of the laminae forming the preceding proximal limb (Fig. 
23B ) .  New laminae are added successively inwards, the 
annular concavities become filled gradually and the in
ternal wall becomes smooth. 

Mineral secretion alternates with the formation of 
organic layers. Before secondary shell is formed, a 
particularly thick internal organic layer l ining the entire 
living chamber is secreted.  This layer varies considerably 
in development among taxa. The alternation of calcitic 
laminae and organic layers was interpreted by B lind 



( 1 969 :  1 28 )  to result from addition during periods of 
greater and lesser growth respectively. This may be 
correct but deposition as e .g. ,  in  brachiopods (cf. Wil
liams 1 968 : 2-3 , Fig. l )  should also be considered. B lind's 
theory is supported by the occurrence of the laminae as 
successive packages of lamellae and also because many 
speeies exhibit pronouncedly rhythmical ring patterns. 
With such ring patterns, the majority of speeimens show 
complete ring cyeles and rings are completely formed, 
never only partly developed . Thus the cyeles seem to 
form comparatively rapidly. 

As growth proceeds, the laminae tend to become more 
paralleI to the long axis of the conch. Formation of 
secondary shell in the adult part varies among genera 
and the shapes attained have some taxonomic signifi
cance . The most completely filled annular concavities 
occur in the genus Dicricoconus where the living chamber 
has an almost smooth internal wall surface . There is a 
general tendency in most taxa to smooth the irregular 
internal wall surface of the living chamber. The smooth
est parts are found in the proximal part of the chamber, 
while the wall surface becomes gradually rougher to
wards the distal end. Proximally the mural part of the last 
septurn is largely responsible for the smoothing. 

The gradual smoothing of the living chamber towards 
the aperture probably had functional importance. lf the 
rings functioned as attachment surfaces for the soft 
tissues, as suggested by Blind ( 1 969 :  1 28 ) ,  it is Iikely that 
this function became lost gradually in the most proximal 
rings as the soft parts grew and expanded distally and 
new rings forrned to serve as surfaces of attachment. lf 
the tentaculitid animal possessed the ability to mo ve soft 
tissues out through the aperture , it should have been 
advantageous to have a smooth internal wall surface in  
the part of the living chamber where the soft parts were 
not a ttached, for retraction back into the protective 
conch. An unfilled annular cavity would impede such 
retraction .  The function of the rings as attachment 
surfaces is plausible also for the following reason. As the 
adult growth stage commenced, there was initiated a 
buckling of the crystal tablets of the conch wall into 
tubereles . The tubereles stacked, form pseudopuncta. 
They are particularly well developed internally on the 
proximal limbs of ri ngs, i .e. on the annular shelves. The 
tubercles are most fully developed in the outermost 
laminae of annular shelves. However, as the conch grows 
and new lamellae are added onto the shelves, the tuber
eies diminish and finally disappear completely (Fig. 8B ) .  
This could be  interpreted a s  an adaptation for frictionless 
movement distally of the soft parts, with the consequent 
deCl"eaSe in importance of tubercles for enlarging the 
surface area of annular shelves. There are other 
structures in the rings which could have served for 
attachment of soft parts, i .e .  the longitudinal, slightly 
oblique, minute ribs of some conchs. Observations of 
such ribs are still very limited,  however, and their in
terpretation must await examination of further examp
les .  More extensive study of the inside of the living 
chamber could help reconstruct and interpret the nature 
of the soft tissues .  

It  has  long been suggested that  tentaculitids had a 
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tentacular apparatus, more recently i n  B lind ( 1 969 :  1 28 )  
and  B lind & Stiirmer ( 1 977 ) .  It  should be  stressed that 
the name of the group is unrelated to possession of such 
an apparatus .  The name was given when tentaculitoids 
were regarded as parts of the crinoid crown (von Sch lot
heim 1 820 ) .  B rassel et al. ( 1 97 1 ,  Pls. 1 -2 )  showed two 
X-ray photographs of a Devonian dacryoconarid which 
they assumed might have a tentacular apparatus emerg
ing from the distal end of the conch. Later, B lind & 
Stiirmer ( 1 977 ,  Figs. 1 --4 )  illustrated similar structures 
from the same species, Viriatellina fuchsi (Kutscher) .  J udg
ing from the prints, without having been able to examine 
the original X -ray photographs, it is difficult to evaluate 
the B lind & Stiirmer interpretation .  ane must keep in 
mind the basic differences in life habit between 
tentaculitids and dacryoconarids when transfering in
terpretation of a possible tentacular apparatus to the 
thick-walled tentaculitoids .  However, the existence of a 
tentacular apparatus in the latter group should not be 
rejected. The possibility of a vertical sessile , suspension 
feeding mode of life during the adult stage is rather 
attractive in the light of B lind's ( 1 970)  paper and the 
present study. The subject merits special attention and 
will be treated further in a later section (p .  57 ) .  

The formation of septa a t  a comparatively late stage of  
growth could be  more easily explained by  postulating the 
existence of retractor museles to control tentaeles or 
other soft parts . In severaI taxa the last 3 or 4 septa, and 
particularly the last one, are always considerably thicker 
than those located more proximally. These septa possess 
bilaterally symmetrical impressions (Lardeux 1 964 : 593 9 ;  
1 969 :  I l ;  a n d  in this paper Fig. 1 3 ) .  I t  i s  reasonable to 
assurne that the septa acted as areas of attachment for, 
e .g . , museles .  In the early stages of adult growth the soft 
parts should have been less massive, when a rather thin 
septurn would have been sufficient for attachment of the 
con trolling museles. As the tentaculitid grew , the volurne 
of the soft parts should have increased. Accordingly, it 
required more voluminous museles and larger areas of 
attachment,  i .e .  stronger septa. The phosphatized ma
terial from Ramsåsa 8 ,  Scania,  which had bilaterally sym
metrical impressions in the septa, showed that the area of 
these impressions increased with each new septurn 
formed. It is notable that species with com paratively large 
conchs, such as Tentaculites hisingeri and T. scalaris, de
velop massive endoconic septa. These species must have 
possessed rather voluminous soft parts compared with 
other slim mer species, and thus required correspond
ingly large controlling muscles and stronger septa . 

The aperture of the conch wall will differ depending 
on the growth stage of the conch. I t  may lie either at a 
ring or in an interspace . At all stages of development the 
conch is very thin and fragile immediately before the rim. 
This thin development makes it easy to establish if the 
functional aperture is preserved or not. When the 
aperture coincides with a ring, this ring is always rapidly 
filled towards the inside by lamellae , probably to 
strengthen the shell at this point. 

B lind's ( 1 969 :  1 08 ,  1 1 9-1 2 1 )  hypothesis that the 
aperture was protected by an operculum cannot be 
corroborated at all by the present study. Extensive mat-
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erial with well-preserved apertures both from Gotland 
and Scania, was carefully examined for this purpose. No 
specimen showed morphological features to suggest an 
opercular apparatus .  I f  such an apparatus existed,  it 
must have been constructed of a material which did not 
fossilize and , though connected to the conch , left no 
imprints on it .  

Dimorphism 
No characters were found which would suggest dimorph
ism, either sexual or functional. 

Erdtmann & Yoder ( 1 974 ) and Yoder & Erdtmann 
( 1 975)  presented a case of supposed dimorphism among 
tentaculitids from the Devonian of North America. 
'Tentaculites' atlenuatus Hall and 'Tentaculites' bellulus Hall 
were considered dimorphs of one species .  The proposed 
dimorphism was based on measurements in 86 specimens 
of breadth and height of rings and compilations of the 
breadth-height ratio. The authors suggested sexual di
morphism.  The male form was thought to be 
characterized by isometric growth during the adult stage , 
when the female form was indicated by a change to an 
anisometric growth pattern.  

1 am not convinced that the two speeies measured by 
Yoder & Erdtmann really form dimorphs of the same 
speeies. I find the criteria used for the proposal rather 
weak. Firstly, the stressed co-occurrence in their material 
of 'Tentaculites' attenuatus Hall and 'Tentaculites' bellulus 
Hall is restricted to one single level (Y oder & Erdtmann 
1 975 ,  Fig. 2). Hall ( 1 8 79 :  1 7 1 )  in  his description of 
'Tentaculites' attenuatus em phasized the similarity to 
'Tentaculites' bellulus, but also pointed out the very great 
difference between the two speeies in abundance; the 
former speeies occurred in 'myriads ' ,  while the latter 
occurred only rarely. Another important point in Hall 's 
descriptions is  the vast difference between the two speeies 
in size. 

Another doubt about the reliability of the criteria 
presented by Yoder & Erdtmann derives from examina
tion of their graphs (Yoder & Erdtmann 1 975 ,  Fig. 6) 
showing the progress ive changes in ratios of breadth
height of the primary rings. The seatter of the data points 
is wide, showing the ratios to be very variable. I am not 
convinced that mere comparisons of means of scattered 
ratios i s  sufficient grounds for proposing dimorphism. 
I have tested for possible dimorphism in  closely related ,  
cO-occurFing species, using the  same method as Yoder & 
Erdtmann ( 1 975 ) .  In no case have I been able to confirm 
their theory. A pattern of very dispersed ratios has been 
obvious .  

The theory of dimorphism in tentaculitoids is not  new. 
Novak ( 1 882 : 50-5 1 )  reported a case of possible di
morphism in some dacryoconarids. However, Novak 
himself seemed not entirely convinced because he 
emphasized that he could recognize a series of in
termediates between the supposed dimorphs. Boucek 
( 1 964 : 3 2 )  stressed intraspecific variation rather than 
dimoprhism for Novak's material. 

If  tentaculitoids are dimorphic, the characters should 
probably be looked for in the shape and development of 
the living chamber. I t  would require much well preserved 
material which could be used for detailed measurement 
of various size parameters. I t  is possible with some 
populations from Gotland,  e .g. from the Mulde Beds at 
Mulde Tegelbruk l .  However, i t  i s  time-consuming and 
lies outside the scope of the present study. 

Ecology and mo de of life 
Tentaculitids have generally been ascribed a benthic 
mode of l ife in contrast to the thin-walled dacryoconarids 
which are supposed to have been planktic. Many criteria 
for mode of life have been presented ,  e .g . thickness of 
the conch wall, presence or absence of camerae, 
morphology of the rings, symmetry , character of embed
ding sediment, abundance, character of concomitant 
fauna, etc . Some authors , e .g .  Ljashenko ( 1 959 :  72 ) ,  
Fisher ( 1 962 : W l  03 ) ,  have emphasized the occurrence in  
all kinds of environments,  including aerated and 
stagnant conditions .  Others, e .g. Boucek ( 1 964 : 1 57 ) ,  
Thayer ( 1 974) ,  found significant differences in distribu
tion of the two orders . Thick-walled forms were restricted 
to shallow , well ventilated environments while thin-wal
led forms were considered significant for basinal and 
open shelf environments .  

For the background to discussion of the ecology and 
mode of l i  fe of tentaculitids based on those from Gotland 
and Scania, a review of more recent literature is needed. 

Ljashenko ( 1 959 :  72) considered tentaculitids to be 
nektie with the conch positioned vertically . The camerae 
were supposed to control the orientation because the 
animal could regulate their internal gas pressure. Fisher 
( 1 962 : W I 03 )  stressed the tolerance to various environ
ments. However, he also pointed out facies differences in 
abundance. There was a predominance in shales and 
argillaceous siltstones and decreased abundance in sand
stones, greywackes ,  reef limestones and dolomites. Fisher 
tested different models for the mode of l ife of 
tentaculitids (Fisher 1 962 , W 1 04-1 05 ,  Fig. 5 1 ) . He con
cluded that thick-walled forms were probably 
nektobenthic scavangers positioned with the apex up
wards. The thick shell was considered a response to 
rough water in l ittoral environments. Boucek ( 1 964 : 1 57 )  
also ascribed to  the  tentaculitids a benthic l ife in shallow 
environments with warm, well ventilated water. He sug
gested that the animal lived on the bottom,  resting partly 
buried with the rings for anchorage . 

The first and, hitherto , only published report on 
conchs vertically oriented in the sediment was submitted 
by Driscoll ( 1 968 ) .  He described vertical, apex-down 
specimens of 'Tentaculites' bellulus Hall in the Devonian 
Arkona Shale in Ontario, Canada. The conchs occurred 
in lenses in glacial drift but, from associated burrow 
fil l ings, vugs in brachiopod valves and eroded surfaces ,  
the original orientation could be determined. Driscoll 
considered the find evidence for a benthic life with the 



apex partially buried in the substrate , and suggested that 
the tentaculitids were benthic or nektobenthic. He 
emphasized the difficulties of assessing mode of life and 
relationship to the substrate . He pointed to the concomi
tant fauna in beds with abundant tentaculitids ;  fossils 
typical of a neritic environment, e.g. brachiopods, trilo
bites, and ostracodes, yet the sparse co-occurrence with 
hyolithids and bryozoans. 

B lind ( 1 969 :  1 3 7 )  favoured a semi-infaunal mode of 
life with a vertical, apex-down orientation of the conch.  
He based this  on ( 1 )  conchs showing accumulations of 
pyrite and sediment on the distal side of septa, (2) the 
lack of initial chambers in the conchs, (3 ) septal develop
ment and its response to the character of the substrate 
(Tonmergel-, Sandmergel-, Kalkmergel-Formen ) ,  (4 ) small 
conchs found within the living chambers of large conchs . 
Severai of B lind's putative pieces of evidence are high ly 
controversial. In a subsequent paper (B lind 1 970) ,  more 
convincing evidence for an upright position was pre
sented in discussion of the mode of attachment of 
epizoans on the tentaculitid conch. Epizoan distribution 
suggests convincingly a vertical, apex-down ,  semi-in
faunal habit. In both papers, B lind postulated this mode 
of life only during the adult growth phase of the 
tentaculitid . Morphological criteria (B lind 1 969)  and the 
lack of epizoans on the juvenile part of the conch (B lind 
1 970)  were taken as positive evidence for a free-swim
ming mode of life during the larval growth stage. The 
present study indicates B lind's interpretation to be possi
ble. B lind ( 1 969)  gave no suggestion for the feeding 
mechanism. However, he postulated the presence of a 
tentacular apparatus . Recently, B lind & Stiirmer ( 1 977 )  
described X-ray photographs of  specimens of Viriatellina 

fuchsi (Kutscher) on which they distinguished tentacJe 
arms ending in feather-like extension. 

Walker & Laporte ( 1 97 0 :  939)  and Walker ( 1 97 2 ,  
Table 9) supposed tentaculitids t o  b e  deposit feeders or 
scavengers. In  reconstructions of some intertidal settings 
during deposition of the Devonian Manlius Formation 
(Walker & Laporte 1 970 ,  Figs. 4, 5 ) ,  tentaculitids were 
depicted resting on the bottom. They were interpreted as 
typical of low intertidal to very shallow subtidal environ
ments, and were found to occupy the fourth position in 
the biovolume dominance (Walker 1 97 2 ;  Table 9) .  The 
tentaculitids were considered also to inhabit intermit
tently the high intertidal zone, moving with tides up and 
down the flats. Such a mod el is suitable only for a 
free-living animal .  It hardly fits the view presented in this 
paper, of a semi-infaunal mode of life .  The occurrence of 
tentaculitids in an environment which shows mudcracks, 
algal mats and interbeds of carbonate pebble-conglomer
ates (Walker & Laporte 1 97 0 :  939) complicates the 
hypothesis. I have examined no such environment, and 
consequently it is difficult to judge the significance of this 
type of occurrence. Walker & Laporte ( 1 970 )  reported, 
from the same environment, frequent burrowers which 
were capable of withstanding periodic exposure of the 
sea floor. If tentaculitids possessed the same ability, they 
must have been inserted complete!y into the sediment. 
Such a theory, for other reasons, seems unlikely. 

Berger ( 1 974 ) supported B lind's ( 1 969 ,  1 970 )  hypo-
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thesis of an upright, apex-down orientation of the conch. 
He stated, without further explanation ,  that the pro por
tion between the lengths of the juvenile and adult parts 
made impossible a horizontal mode of life (Berger 1 974 : 
1 38 ) .  He cJaimed (p .  140)  that vertically oriented conchs 
had been found, but unfortunate!y did not submit any 
details. The development of oblique septa and rings and 
curved pro file of many conchs were regarded as re
sponses of the conch to the orientation in  the substrate. 
Berger ( 1 974 : 1 39)  supported B lind's theory that larval 
forms of tentaculitids ,  to continue development, oc
cupied empty, but still vertically stand ing, conchs of the 
same species .  For proofs ,  Berger noted observations of 
inserted conchs with distal diameters larger than the 
diameter of their "housing" conch (Berger 1 974 , Fig. 2 ) .  
According t o  Berger, inserted conchs exhibited com para
tively thinner walls and smoother external ornamenta
tion because they had not been directly influenced by the 
environment. Berger ( 1 974 : 1 37 )  noted that the central 
or subcentral position of the inner conch, i . e .  having a 
more or less common axis of symmetry with the outer 
conch , excJuded the possibility of mechanical sorting for 
the cone-in-cone occurrences. If the inserted conch had a 
marginal position and a rand om orieritation its occur
rence was caused by bottom currents. 

I t  is not easy to appreciate fully Berger's arguments 
and I find his theory very speculative and improbable. I 
cannot see how the tentaculitid animal, which probably 
had a moderate leve! of organization , would be able to 
select empty conchs of the same species. Cone-in-cone 
occurrences of conchs are rather common in various 
strata , and there are good indications that bottom cur
rents are largely responsible . 

Berger ( 1 974 : 1 3 7 )  suggested a link between the oc
currences of tentaculitids and the character of the sub
strate . As the proportion of terrigenous material in the 
sediment increases, the number of tentaculitids de
creases .  They do not occur at all in sand- and siltstones. 
The same inverse trend was found with increasing dolo
mite. Hence , Berger suggested that tentaculitids were 
sensitive to changes in salinity. 

Thayer ( 1 974) calculated the proportions of various 
fossil groups in  different environments of the Genesee 
Group,  Upper Devonian of New York. He found basic 
differences in the distribution and abundance of 
tell,taculitids and styliolinids. The abundance of 
tentaculitids was more than 7 % of the total fauna and in 
this they were superceded only by brachiopods and 
bryozoans. Styliolinids constituted almost 2 % of the total 
fauna. The 7 % value is much higher than the figures 
published by Hurst ( 1 975)  who calculated abundances 
for tentaculitids of 0 . 2 ,  2 and 3 . 7 % of the total fauna in 
the Mulde, Klinteberg and B urgsvik Beds of Gotland, 
respective!y. For the present  study no similar calculations 
were made because such a survey would have been 
toa time-consuming and beyond the scope of this 
monograph. Besides, the fragmentation of the conchs 
sampled makes difficult such a survey. However, it is my 
impression that, in certain environments and at certain 
horizons,  tentaculitids constitute a major macrofossil 
group by num ber of specimens,  perhaps only superceded . 
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in abundance by bryozoans ,  brachiopods ,  echinoderms 
and ostracodes. Such leve Is where tentaculitids are pro
lific occur, e .g . ,  at Gothemshammer in the Halla Beds 
and at Mulde Tegelbruk l in the Mulde Beds. Accord
ingly, the fossil assemblage at the latter locality was 
designated a 'cricoconarid-palaeocope fauna' (Martins
son 1 967 :  365) . Thayer ( 1 974 :  1 30, Figs . 5 , 6) also noted 
the occurrence of abundant tentaculitids together with 
"epifaunal ostracodes" .  This association he considered to 
be significant for a "delta platform'" environment and 
particularly for "near shore" environments .  Styliolinids 
were noted to be restricted to basin and open shelf 
environments. Thayer ( 1 974 :  1 32)  concluded that 
tentaculitids should be placed among benthic deposit 
feeders, while styliolinids were regarded as planktie 
suspension feeders (p .  1 30) . Thayer gave no evidence of 
his own for these assumptions but based his statements 
on previous publications ,  e .g . ,  Fisher ( 1 962) , Lardeux 
( 1 969) , Walker & Laporte ( 1 970) .  Thayer did not com
ment on the relationship of the tentaculitids to the 
substrate . However, from one reconstruction ( Fig. 1 8G) 
of the ecological setting of some body fossils ,  it may be 
concluded that he considered the tentaculitids either 
rested on the substrate or were nektobenthic. The 
tentaculitids are reconstructed with a tentacular ap
paratus while the stylionilids (Fig. 1 8A) appear pteropod
like . 

A nektobenthic mode of life was als o suggested by 
Voder & Erdtmann ( 1 975 :  375) ,  because of the radial 
symmetry thought to characterize the conch and because 
of the development of the septa . They interpreted the 
restricted occurrence of thick-walled tentaculitids in 
epicratonic to marginal shelf, shallow-water environ
ments as a positive indication of a functional and ecologi
cal relation to epibenthic assemblages .  However, the y 
pointed out, without more evidence , that many thin-wal
led tentaculitids occur toget her with thick-walled forms 
in shallow water communities. 

In an attempt to reconstruct the biology of the 
tentaculitids ,  H urst & Hewitt ( 1 977)  used data obtained 
from quantitative descriptions of facies conditions as 
revealed by the sediment. The tentaculitid treated was 
'Tentaculites' anglicus. The systematie position of this 
speeies within the tentaculitids is still unknown and some 
authors, e.g. Boucek ( 1 964:  50), have even considered it a 
cornulitid . However, my examination of the type mat
erial and of material collected from localities in the 
Caradoc distriet, England, show indisputably its true 
tentaculitid affinity. Hurst & Hewitt ( 1 977)  gave many 
important general notes on the functional morphology 
and relationship to substrate of various invertebrates with 
e10ngate bodies .  They made comparison with certain 
characters of the tentaculitid conch. The strong trans
verse external ornament of the conch was regarded to 
exclude the tentaculitids from deposit feeders . Hurst & 
Hewitt ( 1 97 7 :  1 64) postulated instead that tentaculitids 
were suspension feeders using the rings as anchoring 
devices in the substrate . The lack of epifauna on the 
conchs was taken as evidence of a fully infaunal mode of 
life for 'Tentaculites' anglicus. They suggested ( 1 977 :  1 65) 
that the absenee of vertical conchs in situ in the sediment 

was a result of bioturbation .  This i s  an interesting conclu
sion and must be considered for the Silurian sediments 
studied here , bearing in mind especially the com mon 
occurrences of epifaunal as well as infaunal deposit 
feeders in the samples with tentaculitids .  

Summarizing the  ideas reviewed above, one  may con
clude that most authors consider tentaculitids to be 
benthic. Thus the group is differentiated from the plank
tie dacryoconarids .  Various views are held of the more 
detailed benthic habit, whether epi- or infaunal . Mostly 
the views link with the discussions on the supposed 
feeding habit, i .e. whether they are deposit or suspension 
feeders. The latter view dominates in more recent publi
cations .  

In reconstructions of ancient environments and the 
ecology of a particular organism, the question of post
mortem transport is critical .  The present study shows it to 
have been negligible, so that the thanatocoenoses found 
more or less represent the in situ dwelling occurrence of 
the tentaculitids within their actual niches. This conclu
sion stems from the generally good preservation of the 
conchs, which show very little wear. Admittedly, much of 
the material studied is fractured.  However, it is believed 
that fracturing occurs easily among such , elongate , 
conchs ;  the preparaton of the marly samples supported 
this belief. Much of the concomitant fauna is  also fractured 
and disarticulated.  Probably, rather moderate wave and 
current agitation could fragment shelly material easily in 
neritic environments .  The action of scavenging and bur
rowing organisms could contribute partially to fragmen
tation.  An absence of long transport is supported by the 
unsorted character of the tentaculitid remains . Hurst 
( 1 975 :  260) concluded that the benthic assemblage of the 
oolitic limestone at the top of the Burgsvik Beds was an 
offshore one. He suggested that it had been transported 
towards a shallower environment which is indicated by 
the nature of the sediment. The few tentaculitid remains 
found in these oolites also show evidence of being trans
ported ;  they are worn and completely encapsulated by 
calcareous laminations .  The only speeies of which few 
speeimens have been coated by laminations is Tentaculites 
hisingeri. It also happens to be one of the largest species 
on Gotland and it is believed to have been able to 
withstand more agitated water than other tentaculitids .  
Except for this occurrence of transported conchs de
scribed, no signs of longer transportations have been 
observed .  

Al l  shells with a predominant long axis which rest on 
the sea  bottom in neritic environments get influenced 
easily by wave action and currents .  Tentaculitids are such 
a group .  They have not been used of ten as current 
indicators although many current-affected occurrences 
have been recorded, e .g. in Ljashenko ( 1 959) .  Kindle 
( 1 938) and Jones & Dennison ( 1 970) are among the few 
who have demonstrated the usefulness of tentaculitids 
for establishing directions of currents .  During the pre
sent study few occurrences of current oriented 
tentaculitids have been observed. I have found only one 
example in Scania, at Klinta l ,  where a surface at 2 . 55  m 
in the measured section (Jeppsson 1 974) exhibited 
orientated tentaculitids .  On Gotland I know of only one 



occurrence , i .e .  at Haganas l in the Slite Beds, where a 
surface of 2 m2 yielded many hundreds of tentaculitids 
orientated together with fossils from many other groups .  
This  surface is being examined by Claes Bergman, Lund. 
Among the many foss ils showing preferred orientation,  
two crinoid crowns deserve mention.  These crowns are 
not fragmented and arms and pinnulae are well pre
served.  This indicates that transport was not a long way. 
The fossils probably represent an assemblage oriented by 
wave agitation along an axis perpendicular to the shore .  

There i s  other evidence to  indicate that current and 
wave action have influenced the tentaculitids to some 
degree. Frequently conchs are found inserted into one 
another, either apex or aperture first. Occasionally three 
or even four inserted conchs form cone-in-cone 
structures. The latter have only been observed among 
masses of tentaculitids. One needs no other cause for 
development of the cone-in-cone structures than the 
action of waves and currents .  There are other opinions, 
e . g. B lind ( 1 969) and Berger ( 1 974) . I disagree with their 
interpretation, as was stated earlier ( p. 36 ) .  Cone-in
cone structures are not uncommon among elongate con
ical fossils , e .g . ,  in many Cambrian strata where various 
kinds of enigmatic conical tubes abound. My own obser
vations include in the Lower Cambrian oncolitic 
limestone at Sorsjon, Jamtland,  which yields numerous 
calcareous conchs inserted into one another. Similar 
occurrences have been described ,  e .g. in Rozanov et al. 
( 1 969, PIs . 1 4 : 2 , 7 ;  1 6 :  2) and Valkov ( 1 975 ,  PIs. 3: 9 , 7 :  
1-5) . Cone-in-cone occurrences have been reported in 
dacryoconarids (Boucek 1 964,  Pl. 22: 5-6) , which are 
generally considered planktic , and where mutual inser
tion must have been post-mortem.  

Tentaculitids on Gotland and in Scania show various 
patterns of occurrence in different environments de
pending on shifting environmental conditions .  The criti
cal parameters seem to have been water depth , type of 
substrate , water turbulence , and supply of food and 
oxygen.  

I shal l  not  make a systematic review of the detail ed 
distribution of tentaculitids within a l l  lithological or 
stratigraphical units on Gotland and in Scania. This is 
mainly because we are still embarassingly ignorant about 
the sedimentology of many units with regard to pro
perties such as grain size, cementation , ratio of carbo
nates/clastics , compaction etc. Hence also , the 
terminology for many lithologies is still floating. To give 
one example, the term mari is used for severai kinds of 
rocks on Gotland but there has never been any general 
agreement on what constitutes a true mari or marIstone 
in the various beds there . 

Tentaculitids have been observed on Gotland in all 
stratigraphical units except for the Tofta Beds. In  Scania 
occurrence is restricted to the Oved-Ramsåsa Beds and a 
few leve Is in the Colonus Beds . 

In general the most prolific occurrences are in lith
ologies of interbedded argillaceous limestone, mari, 
marIstone and calcareous mudstones. Such lithologies on 
Gotland are found in most established stratigraphical 
units. Such leveIs include e .g .  the Visby Beds, Hogklint 
Beds unit b, Slite Mari, Mulde Mari, Halla Beds unit c, 
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Hemse Mari, Eke  Mari, Hamra Beds  un i t  b. In  Scania the 
same lithologies with abundant tentaculitids occur in the 
Oved-Ramsåsa Beds, unit 1 and the lower part of unit 3 .  
Purer limestones seldom have more than scattered frag
ments of tentaculitids .  However, as soon as the mud 
content increases the number of tentaculitids increases 
too. Thus, the purer limestones of the Hogklint, Slite , 
Klinteberg, and Sundre Beds have yielded very few 
specimens . This is particularly true of the crinoidal 
limestones and limestones rich in stromatoporoids. Hurst 
& Hewitt ( 1 97 7 :  1 5 1 )  also noted the sparse occurrence of 
tentaculitids in carbonates .  Reef limestones seem almost 
to lack tentaculitids .  The few conchs obtained from reefs 
derive from intercalated mari pockets , and generally 
appear reworked.  Tentaculitids are also lacking in the 
coarse detrital limestones surrounding the reefs .  How
ever, Manten ( 1 97 1 ,  Tables IX, XVI I ,  XVIII )  reported 
tentaculitids from reefal and crinoidal limestones on 
Gotland ,  although no mention was made of their 
abundance or state of preservation .  

Siltstone and sandstones commonly show poor 
tentaculitid faunas.  Exceptions are found in argillaceous 
levels of the Burgsvik Sandstone, e . g. at Uddvide l and 
Klasen l ,  where tentaculitids together with bivalves form 
the major constituents of  the fossil fauna.  In  lithologies 
with less mud content such as the Slite Siltstone and, in 
the Oved-Ramsåsa Beds, the yellow sandstone unit 2 and 
parts of the Oved Sandstone unit 4,  no tentaculitids have 
been found. All tentaculitids obtained from the Oved 
Sandstone derive from thin accumulations of calcareous 
skeietal remains of marine faunas, or from muddy in
tercalations as found e .g .  in  the Ramsåsa area. Otherwise 
the Oved Sandstone unit is considered non-marine (Gray 
et al. 1 974 :  263) . It is  worth mentioning that one fre
quently finds the largest tentaculitid species in sands tones 
or sediments which indicate agitated water conditions .  
This i s  demonstrated, e . g. in the Burgsvik Beds, by the 
abundant occurrence of Tentaculites hisingeri yet low 
abundance of Lonchidium scanicum. In  contemporaneous 
argillaceous beds in Scania, the latter species dominates 
the fauna. Perhaps this is an example for Boucot's 
statement ( 1 975 :  5 1 )  that quiet water taxa commonly 
tend to be smaller than rough water taxa ,  regardless of 
benthic assemblage. 

Oolites are practically devoid of tentaculitids .  No speei
mens have been encountered in the Bara Oolite of the 
Halla Beds despite extensive sampling. In  the Burgsvik 
Oolite some conchs have been found,  but they have 
mostly been reworked and are encrusted by thin carbo
nate laminations .  Speeimens showing no signs of having 
been reworked all derive from small argillaceous pockets 
within the oolite . 

A special distribution of  tentaculitids is seen in the 
dark, fine grained ,  commonly bituminous mudstones 
and argillaceous, fine grained, lagoonal limestones which 
form between the Hogklint reefs at e .g .  Ireviken and 
Lickershamn, in unit d of the same beds in the section at 
Vattenfallet l and in unit b of the Halla Beds at Horsne .  
Al l  these beds practically never yield any tentaculitids 
except for varous speeies of  Alternatus? ,  but these locally, 
e.g. at Horsne l ,  occur abundantly. 
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The shales constituting the Llandoverian , Wenlockian 
and most of the Ludlovian sequence in  Scania have 
yielded practically no tentaculitids. The faunas obtained 
derive exclusively from interbedded limestone or muds
tone units which have a shallow water charaeter, i .e .  at 
Skarhult l and Roddinge l .  The non-graptolitic shales 
forming the basal and middle parts of the Oved-Ramsåsa 
Beds generally show good tentaculitid faunas, especially 
at leveIs with mudstone or argillaceous limestone. These 
sediments clearly have a shallow water aspect as is  indi
cated by the prolific concomitant fauna and flora (cf. 
Gronwall 1 897) .  The algal limestone lens forming the 
upper part of unit 1 of the Oved- Ramsåsa Beds at 
Bjarsjolagård has not yielded many t�ntaculitids ,  but the 
equivalent muddier beds at Klinta generally exhibit pro
lific tentaculitid faunas. 

In the stratigraphic units of Gotland, one may find 
differences in abundance along the strike of the beds .  
This is clearly seen in the Hogklint, Slite, Halla/Mulde 
and Hemse Beds. The abundance distinetly decreases 
towards the southwest. This accords with the change 
towards the south west from calcareous to argillaceous 
facies (Martinsson 1 967 :  383) . This change may be 
ascribed to a general deepening of the basin in this 
direction for a considerable part of the Silurian . I t  is 
known (Martinsson 1 967 :  383 ,  Skoglund 1 968) that a 
marked change in facies occurs towards the southeast as 
well .  All units with reefs and limestones in the northwest 
gradually become more argillaceous and finally in the SE 
consist of graptolitic shales with thin intercalations of 
limestone . So far, no tentaculitids have been reported 
from the cored interval of the Silurian beds in the Nar 
borehote in southern Gotland (R.  Skoglund, personal 
communication ,  1 978) .  

From the description of the general distribution pat
tern of tentaculitids in the sediments of Gotland and 
Scania, it is possible to elucidate some environmental 
settings in which tentaculitids thrived or which they 
avoided. Since there are no known recent descendents of 
the group, their ecology must be reconstructed entirely 
from data of morphology, the nature of the embedding 
sediment and the concomitant fauna. The quality of the 
data varies ,  especially the sedimentology. No quantitative 
data for abundance of the tentaculitids are given,  except 
in very broad terms .  Thus, the following interpretation 
of the ecology is based on observations made during 
examination of the samples and on impressions gathered 
during severai years of field work within the two princip
le areas .  Analyses of the concomitant faunas are also 
incomplete because neither time nor knowledge has 
permitted full identification of all faunal components. 

Some principal environmental factors, i .e. depth, sub
strate , wave and current action,  will be diseussed . There 
are other factors , e .g . ,  supply of food, that could be 
diseussed but only speculatively; these are avoided in this 
paper. 

Comparison of contemporaneous strata on Gotland 
and in Scania, or even within stratigraphical units on 
Gotland, shows that the distribution of tentaculitids was 
greatly influenced by bathymetric conditions and the 
nature of the substrate . Tentacualitids are restricted to 

sediments whose fauna and lithology are typical of shelf 
environments .  This includes most of the muddy sedi
ments on Gotland which have neritic faunas and floras. 
In  other shallow water sediments, such as those with 
ripples (e.g. at Gannes l and Klintebys l on Gotland,  
Bjarsjolagård l in Scania) , oolites (Gotland) ,  conglomer
ates (Gotland) and certainly the reefs on Gotland and 
biostromes in Scania, the tentaculitid faunas are always 
poor or laeking. Here, another factor, probably wave and 
current action ,  must be considered.  Certainly, this factor 
is closely connected to the depth and substrate condi
tions . I t  seems likely that the water energy was too high to 
allow the tentaculitids to rest stably if they lived partly 
inserted into the substrate . The relation of the faunas 
with mud content of the sediment suggests that water 
movement was important. Muddy limestones, maris and 
mudstones provide prolific faunas,  while winnowed 
skeietal limestones contain few tentaculitids .  The same 
trend,  although less pronounced , may be seen in sand
stones .  Thus, it may be concluded that tentaculitids 
preferred environments of moderate to low water 
energy. In  terms of brachiopod communities , maximum 
abundance is found in the Eocoelia community (Ziegler 
1 965) or Benthic Assemblage 2 (Boucot 1 975 ) .  It  i s  
interesting that the 'Tentaculitid community l '  recog
nized by Boucot ( 1 975 )  in  the Devonian falls within this 
environmental setting. Boucot defined this community as 
occurring in a very specialized, quiet water environment 
with low diversity fauna. 

It is rather hard to define upper and lower depth l imits 
for the tentaculitids within these environments, especially 
as the views advocated on depth limits for brachiopod 
communities are now being questioned ( for a discussion 
see Hurst 1 976 ,  Johnson & Potter 1 976 ;  and Shabica & 
Boucot 1 976) . Fortunately, there are depth indicators 
other than brachiopods .  Combining these with some 
brachiopod studies ( H urst 1 975) one may suggest, at lea st 
tentatively, the depth. For Gotland,  Gray et al. ( 1 974) and 
Hurst ( 1 975)  recognized all the benthic assemblages 
which are defined on the distribution of brachiopods .  
Com paring the distribution of  spores ,  chitinozoans and 
acritarchs, Gray et al .  ( 1 974) concluded that the rock units 
;vere deposited under depth conditions shifting within 
the range from less than 1 0 m to a maximum of 200 m .  A 
dose correlation ,  particularly between spore occurrence 
and water depth (shoreline proximity) , was emphasized . 
In their Table l ,  some figures for depth were given .  
Benthic Assemblages I and 2 were considered to  repre
sent high and low intertidal positions respectively,  with a 
maximum depth of not more than 1 0 m between mean 
high and mean low water. Benthic Assemblage 3 was 
considered to extend to the lower limit of the photic zone, 
i .e . approximately 70 m ,  as indicated by abundant 
calcareous algae and reef formation .  Benthic Assemblage 
4 and 5 were thought to extend to the limit of the 
continental shelf, 1 75-200 m below sea leve! .  However, it 
i s  important to mention that there is no evidence yet from 
Gotland that tidal conditions existed in the Silurian .  
Thus ,  one cannot directly apply the Benthic Assemblages 
given in Gray et al. ( 1 974) in terms of depths with 
reference to high and low tides. This is particularly so 



while no sedimentological criteria for tidal conditions can 
be matched with evidence from the brachiopod com
munities .  Whatever the depth figures for the various 
sedimentary environments on Gotland, one may tenta
tively conclude that tentaculitids preferred waters in the 
upper part of the shelf, i . e .  in depths from a few metres 
to, say, 50-70 m,  with maximum abundance in the 
shallowest part. 

Published accounts of the distribution of tentaculitoids 
emphasize the distinctly shallow water nature of the 
thick-walled forms, e .g .  Thayer ( 1 974) . Also, Boucek 
( 1 964:  1 58) stressed strongly the total absence of thick
walled tentaculitoids yet the prolific occurrence of thin
walled dacryoconarids in the Silurian to Devonian of 
Bohemia. Bouc�k ascribed this entirely to bathymetry. 

A factor of very great importance for the distribution 
of tentaculitids is  the nature of the substrate. This factor 
depends large ly on depth, shore-line proximity and 
turbulence of the water. The greater abundance of 
tentaculitids in mud-rich, shallow water sediments and 
their sparse occurrence in  skeletal limestones , reefs ,  etc . ,  
suggest that the tentaculitids required soft bottom sedi
ment for their benthic habit. This assumption seems 
logical in view of the mode of life proposed, with the 
proximal part vertically or sub-vertically inserted into the 
substrate. As the conchs show no signs of attachment 
surfaces ,  it seems doubtful if tentaculitids had the ability 
to colonize hard bottoms or bottoms with coarse skeietal 
debris. B lind's ( 1 969) suggestion that tentaculitids de
veloped different types of septa according to the sub
strate cannot be supported. I regard the different types 
of septa as having purely phylogenetic origin .  

The response of tentaculitids to physical and chemical 
properties of the water, i .e .  temperature and salinity, can 
only be estimated. In the areas studied, the sediments 
which include bahamitic carbonates and reefs ,  the 
flourishing fauna and flora and the proximity to the 
palaeoequator, are generally thought to indicate warm
water environments through most of the Silurian. It may 
be concluded from the lithologies that conditions of 
extreme salinity did not prevail. Tentaculitids seem to 
have preferred well aerated waters. Less aerated waters, 
e .g. those of lagoonal areas, were only inhabited by 
species of Alternatus? , This genus seems to have been 
tolerant, as i s  indicated by its numerous occurrences in 
most environments on Gotland. I t  is striking that no 
representatives of the genus have so far been en
countered from the Oved-Ramsåsa Beds in Scania, 
although the physical conditions indicated in these beds 
were comparable to those of Gotland units. 

In  earlier chapters I mentioned brie fly that I support 
B lind's ( 1 969) idea that thick-walled tentaculitids were 
benthic, living with the proximal end inserted in the 
substrate and the conchs vertical or sub-vertical, i .e .  
semi-infaunally (West  1 977 ) .  This  conclusion is reached 
from examination of the external and internal 
morphological characters of the conchs in the Silurian 
material from Gotland and Scania. Other data I consider 
important are Driscoll's ( 1 968 ) observation of vertical , 
apex-down tentaculitids , and the presence and orienta
tion of epizoans on the tentaculitid conch as described by 
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B lind ( 1 970)  and  myself herein. From the  epizoans 
conclude that tentaculitids did not have their hard parts 
fully inserted in the substrate. This conclusion differs 
from the view expressed by Hurst & Hewitt ( 1 97 7 :  1 64 ,  
Fig. 7 A ) ,  who inferred the whole conch t o  b e  inserted in 
the substrate . Severai species, e .g .  Tentaculites liquis, T. 
obstipus and T. loxus, have oblique ri ngs. These could 
possibly indicate a subvertical l ife position for the conch, 
to maintain the aperture paralleI to the water surface . 
The lack of vertical conchs,  i . e .  in l ife position , in the 
sediments examined is of course problematic for this 
theory. However, fossil specimens of infaunal animals are 
rarely found in life position in  the sediment. 

From the morphology of the tentaculitid conch and the 
ecology postulated, I pro pose that, during their adult 
growth phase, tentaculitids were suspension feeders in 
the sense of Walker & B ambach ( 1 974 , Table 6 ) .  This 
assum ption can only be speculative because practically 
nothing is known about the soft parts of the tentaculitid 
animal. However, from the anatomy of the hard parts , 
one may deduce something of the general organization 
of the soft parts. These ideas have been presented in an 
earlier chapter (p. 5 1 ) . I t  seems unlikely, considering 
the semi-infaunal mode of life proposed, that 
tentaculitids belonged in  a different trophic group. 
Carnivorous feeding is precluded by the small body 
volurne. 

Systematie position 
The feeding habit and ecology of tentaculitoids is 
strongly linked to the question of the affinity of the 
group.  This is an ambiguous subject which it  i s  very 
difficult to discuss positively. Suggestions have been put 
forward in numerous papers and this hardly increases 
the attraction of discussing it more extensively or of 
launching another idea about their systematic position. 

Over the pa st century tentaculitoids have been refer
red to severai phyla, but no convincing evidence which 
settles the systematic position of the group has been 
presented. Particularly the phylum Mollusca has 
attracted many authors as a possibility, when pteropods 
and cephalopods have mainly been sugge sted as closely 
related groups.  Here is not the place to outline all views 
on the affinity. I am als o rather hesitant to launch any 
firm opinion because I am convinced that more investiga
tions of morphology and ecology of the tentaculitids are 
needed first to provide the basis for a sound proposal. 

Although I am not assigning the tentaculitids to 
phylum,  I cannot avoid remarking on a few recent pa pers 
which refer the group most categorically to the molluscs, 
using evidence and interpretation which I consider mere 
speculations. I refer to the papers by B lind ( 1 969 , 1 970 ) ,  
B rassel e t  al. ( 1 97 1 ) , Alberti ( 1 975 )  and B lind & Stiirmer 
( 1 977 ) .  These pa pers are frequently cited and the in
terpretations accepted. I wil l  comment brie fly on the 
major points which are used to support the hypotheses 
and draw attention to some conclusions which are ques
tionable. 

The authors mentioned presented severai characters 
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of the tentaculitoid conch to su pport a molluscan affinity, 
and inferred a particularly close relationship to the 
cephalopods. The major criteria were ( 1 )  the three
layered construction of the conch wall (B lind 1 969 ;  
Alberti 1 975 ) ,  (2 )  the presence of a nacreous layer, 
originally of aragonite crystals but now transforrned into 
pseudohexagonal tabular calcite crystals (B lind 1 969)  or 
still remaining its aragonitic character (Alberti 1 975 ) ,  (3 )  
the presence of funnel-shaped septal necks (B lind 1 969) 
and a siphuncular cord (Blind 1 969 ;  B lind & Sturmer 
1 977 ) ,  (4 ) the presence of an operculum (B lind 1 969 ;  
B lind & Sturmer 1 977 ) ,  (5 )  the development of a tentacle 
apparatus (B rassel et al. 1 97 1 ;  B lind & Sturmer 1 977 ) .  
Besides, B lind ( 1 969) claims characters such a s  the de
velopment of the inner organic layer, the phylogenetic 
change in shape of the initial chamber from conical to 
vesicular, the bilateral arrangement of the septa, the 
straight, conical shape of the conch and its concentric 
growth, all constitute further support for a molluscan 
affinity. 

Comments will be focussed on the five major criteria 
' listed above. F irstly, the three-layered construction of the 
conch wall admittedly shows similarities to that in the 
molluscs, but this basic construction, variously modified, 
may also be observed in other fossil groups, e .g. ,  
arthropods,  brachiopods. The conch wall i n  styliolinids 
(Alberti 1 975 )  has an inner prismatic layer, which is 
foreign to molluscs, and in tentaculitids prismatic layers 
are lacking entirely. The interpretation of the nacreous 
layer in the tentaculitoid conch must be seriously 
questioned because a condition of its formation is the 
presence of aragonite crystals which , in  my opinion, have 
never developed in the tentaculitoid conch. B lind ( 1 969) 
meant that the tabular pseudohexagonal calcite crystals 
seen today in the conch are the result of a diagenetic 
phase transformation of aragonite crystals into calcite 
crystals .  B ut, if the shell structure were primarily 
aragonitic , one would hardly expect to find such well 
preserved microstructures in the tentaculitid conchs as 
were seen in the material examined. There are no 
indiciations of recrystallization , but there is good reason 
to assurne that the tentaculitid conch was composed of 
primary calcite. No mOlluscan classes are known to pos
sess a primary calcitic shell, neither is it likely, that this 
was the case in the past. Thus, from the composition and 
microstructures of the tentaculitid conch l am satisfied to 
exclude completely a molluscan affinity. 

The present study shows that there is no evidence that 
tentaculitids possessed perforated septa or septa with 
septal necks. The free parts of septa may occasionally 
show irregularities but they are always clearly imperfo
rate , particularly seen with SEM techniques. l conclude 
this from having studied severai hundred sectioned 
specimens with septa. Other published illustrations of 
sectioned tentaculitid conchs also show this, e .g. in 
Lardeux ( 1 969) .  I t  contrasts considerably with B lind's 
( 1 969 : 1 23- 125 )  statement that almost every conch sec
tioned by him showed septal necks and that these 
structures were typical for the genera Tentaculites and 
Volynites. H is statement is  definitely not valid for the 
former genus,  as is shown herein. 

The presence of a s iphuncular cord in tentaculitoids 
was proposed by B lind ( 1 969 :  1 25 ) ,  Pl. 1 8 :  6), B rassel et 
al. ( 1 97 1 ,  Fig. 2 ) ,  and B lind & Sturmer ( 1 97 7 ,  Figs. 1 -4 ) .  
B lind's illustration i s  n o t  very convincing because the 
structure proposed to be a siphuncular cord is very 
diffuse and besides is located within the living chamber. 
l f  the structure were to have penetrated the free parts of 
the septa it would have been more credible. More distinct 
are the elongate structures found in the juvenile part of 
the dacryoconarid Viriatellina fuchsi (Kutscher) by X-ray 
methods (B ras sel et al. 1 97 1 ,  Fig. 2, and B lind & Sturmer 
1 977 ,  Figs. 1 -4 ) .  The latter authors make direet com pari
son with the siphuncular cord in cephalopods. I t  is 
difficult to evaluate whether these structures had an 
organic origin,  as was suggested by B lind & Sturmer 
( 1 977 : 5 1 9) ,  or if they emanate inorganically. I will not 
exclude the latter possibility because tentaculitids com
monly have longitudinal fractures, of ten with a regular 
course parallei to the axis·. This is common in man y 
dacryoconarids, of e .g .  B oucek ( 1 964 , Pls 5 :  3-5 , 9-1 0 ,  
1 9 , 3 1 , 3 7 , 3 9 :  3 ) .  Such conchs sectioned commonly show, 
in the interior, embedding sediment which has entered 
along the fracture and various precipitated minerals, 
particularly pyrite. There is a good chance for high 
contrast between the invading material and the original 
fil l ing substance and the former will show up  as an 
elongate body under X-ray. The number of compressed 
tentaculitoid conchs is certainly larger in compacted 
sediments, as was demonstrated clearly by B oucek ( 1 964 ) .  
Thus, it i s  not unusual that the dacryoconarids examined 
by B rassel et al. ( 1 97 1 ) and B lind & Sturmer ( 1 97 7 ) ,  
which derive from lower Devonian shales, are compres
sed and exhibit longitudinal fractures. That the sug
gested siphuncular structure is in the proximal part of 
the conchs could be explained by the living chambers 
being largely filled with pyrite which has hindered com
paction of this part of the conch. This is clearly demon
strated in a figure by Kutscher ( 1 964 , P l .  1 5 :  2 )  which was 
subsequently reproduced in Brassel et al .  ( 1 97 1 ,  Fig. l ) . 
Similar phenomena are seen in my material from Got
land and Scania, but it is more com mon that longitudinal 
fractures occur in  the distal part of the conch. The 
presence of septa in the se tentaculitoids decreased the 
likelihood of compression of the proximal part. 

Another faet which to my mind makes impossible the 
presence of a siphuncular cord in dacryoconarids ,  and 
which forms one of the major diagnostic characters for 
this group, is the total lack of internal septa. A siphuncu
lar cord cannot exist if no septa are present. Despite this, 
Blind & Sturmer ( 1 97 7 :  5 1 7 ,  5 1 9) discuss certain 
structures in X-rayed specimens of Viriatellina fuchsi 
(Kutscher) in terms of septa l 

lrrespective of the various interpretations of this 
structure in the proximal part of the conch, it clearly 
cannot be used as evidence for a molluscan affinity for 
the tentaculitoids .  As long as no similar structure is 
proved in the thick-walled forms it can definitely not be 
used to discuss their position .  

B lind's ( 1 969) much cited note that  tentaculitoids pos
sessed an operculum has forrned further evidence for a 
molluscan affinity .  As discussed in an earlier chapter this 



interpretation is poorly founded and as yet there is no 
convincing proof of the existence of such a shell element 
in  tentaculitoids .  Thus it can hard ly be used in  discussion 
of molluscan affinity, especially as an operculate 
structure is absent in some cIasses of the molluscs and is 
not a unique to this phylum but occurs also in many other 
groups, e .g .  corals, bryozoans and hyolithids .  

Another structure definitely not unique to molluscs is a 
tentacular apparatus . One of the striking results of the 
X-ray studies described above of Viriatellina fuchsi is a 
structure in the distal opening of the conch which is 
interpreted as a tentacular apparatus .  The illustrations by 
B rassel et al .  ( 1 97 1 ,  Fig. 2 )  and B lind & Stiirmer ( 1 97 7 ,  
Figs . 1 -4 )  look rather convincing and I a m  inclined to 
accept their interpretation that a tentacular apparatus is 
developed. But ,  as said previously, it does not follow 
automatically that this tentacular apparatus can be com
pared directly to the apparatus in cephalopods. I pre
sume that severai other types of tentacular apparatus, 
e . g. in annelids, bryozoans and phoronids, would appear 
similar if fossilized and subsequently detected by X-ray 
analysis. It  remains to be proved that tentaculitids posses
sed a tentacular apparatus .  However, by indirect evi
dence from morphological character in the conch , its 
presence seems likely. 

From more general anatomical considerations ,  a mol
luscan affinity seems less probable. All known molluscan 
cIasses except the scaphopods have rather voluminous 
fleshy soft parts with well differentiated organs, com
monly housed in spacious conchs. On the other hand, 
tentaculitoids have rather small conchs in the range from 
a few millimetres up to 6-7 centimetres .  In medium-sized 
species of tentaculitids, the living chamber commonly 
attains a diameter in the distal part of ca. 1 mm and a 
length of 5- 1 0  mm.  This is certainly not an impressive 
volume for housing soft parts, especially if  they had 
molluscan organization.  I think the small size of the 
tentaculitoid conch, which has been neglected in discus
sions on affinity, should be considered in future discus
Slons. 

It  is easy to criticize earlier hypotheses and views on the 
affinity of tentaculitoids ,  but such criticism is non-con
structive if no alternatives are put forward . I am hesitant 
to voice a firm opinion on this subject because man y 
unsolved problems remain. However, some ideas will be 
outlined . 

The microstructures of the conch wall and certain 
morphological features of the living chamber suggest the 
presence of a tentacular apparatus . Therefore, I consider 
the tentaculitids may have been lophophorates ,  i . e .  closer 
to brachiopods ,  bryozoans and phoronids than to other 
phyla. The inner bilateral symmetry demonstrated by 
septal impressions,  the overall shape of the conch , the 
benthic, semi-infaunal, sol itary mode of life which seems 
most l ikely, and the preference for shallow waters, these 
features make me inclined to regard the tentaculitids as 
closer to the phoronids than to the other lophophorate 
phyla. A serious problem, unfortunately, is that recent 
phoronids do not secrete a hard protective exoskeleton.  
Thus, direct comparison of the shel l  structures is impos
sible. Also, phoronids are unknown from the fossil re-
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cord. However, they have a tentacular apparatus and a 
mode of life well in accordance with ideas on the mode of 
life of thick-walled tentaculitoids .  

In  a recent paper (Towe 1 978 )  the hypothesis o f  
affinity to  the lophophorate group seems to  have found 
some support based on observations of a cross-bladed 
fabric in the calcite layer of some tentaculitids .  Towe 
tentatively suggested affinity either to articulate brach
iopods or phoronids. 

However, this hypothesis is not without problems,  
when the thin-walled tentaculitoids are considered.  This 
group is generally regarded as planktic, which is not the 
case for the recent phoronids or other lophophorates .  On 
the other hand, our knowledge on the microstructures of  
dacryoconarids and homoctenids is poor, which means 
that much remains to be done before we can either 
support or reject a lophophorate affinity for these two 
groups.  

B asis of classification 
The taxonomy of tentaculitoids is  still unsatisfactory , 
especially among the thick-walled forms.  This is not 
surprising considering the relatively few contributions to 
research of this groIlp.  The taxonomy used hitherto is 
based on work by Ljashenko ( 1 955 ,  1 957b-c, 1 959 ,  
1 969a-d) ,  Fisher ( 1 962 ) ,  B oucek ( 1 964 ) ,  and Lardeux 
( 1 969) .  The classificatory schemes of these authors differ 
to some extent, mainly at class and order leveis .  I n  
consequence, a variety of opinions on the taxonomy are 
found in papers, depending on the choice of scheme. 
The main schemes were summarized by Lardeux ( 1 969 :  
24-2 8 ;  Tables 1 , 2 and 4 ) ,  to  which reference is made for 
further discussion on aspects of tentaculitoid taxonomy. 
Boucek ( 1 964) has also made many valuable conclusions 
on the prerequisites of tentaculitoid classification .  

My investigation is l imited to  Silurian thick-walled 
tentaculitoids from on ly two areas in Scandinavia. Thus, I 
hesitate to carry out any detailed revision of the existing 
suprageneric taxonomy or to launch any new classifica
tory scheme. I t  i s  unavoidable that some classificatory 
matters must be remarked upon as a result of observa
tions made during the present investigation.  Changes 
with some diagnostic featurs added, wil l  be found in the 
diagnoses for the various taxa. 

l have tri ed to follow the taxonomy of Lardeux ( 1 969 ,  
Table 4 )  with the  inclusion of the  new taxa presented by 
Ljashenko ( 1 969a-d) .  The latter increased the num ber of 
tentaculitoid taxa immensely. Two new families and 1 8  
new genera , three o f  which were reported from Silurian 
strata in Podolia, were erected .  Unfortunately, the val
id ity of these new taxa is not easy to judge because of the 
brief definitions and, especially, the very poor quality of 
illustrations .  I t  is quite obvious that this has led to 
misinterpretations or doubtful interpretations of some 
genera in subsequent papers by other authors, e .g. in 
Hajtasz ( 1 974 ) .  In  the present paper some generic 
identification are doubtful  as a result of these poor 
descriptions and illustrations .  However, without better 
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sources of access to type material, 1 provisionally assign 
some new speeies to genera erected by Ljashenko rather 
than erecting new genera. Time will show whether this is 
right when new faunas are described from Silurian strata 
of other areas. 

Ljashenko ( 1 969a-d) still maintains her original clas
sification at class, order and family leve! ,  which contrasts 
considerably with the sceme proposed by Lardeux 
( 1 969) .  Some amendments to her classification are un
avoidable to fit in  with the more modern and logical 
concept of classification outlined by Lardeux ( 1 969) .  

Of great importance to the taxonomic work is which 
criteria to use to define the various taxa and how to 
evaluate the taxonomic importance of the various 
morphological characters . It  is obvious that the classifica
tion must be based entirely on geometrical configurations 
of the conch. There is still nothing known, which could 
contribute, about the soft parts in spite of the report of 
supposed soft tissues detected by X-ray examination of 
some Devonian dacryoconarids (B rassel et al .  1 97 1 ;  B lind 
& Sturmer 1 977 ) .  Ljashenko ( 1 959) ,  Fisher ( 1 962 ) ,  
Boucek ( 1 964 ) ,  and Lardeux ( 1 969) diseussed this in  
more detail and tabulated morphological characters 
which they considered to be important. There are differ
ences in opinion among these authors with regard to the 
relative importance of various morphological e!ements. 
However, the following criteria are em phasized. 

At order leve! are considered the structure of the wall ,  
the formation of the initial chamber of the conch and the 
formation of the inside of the conch, i .e . the presenee or 
absenee of septa. Families are differentiated primarily by 
the formation of the surface of the conch, i .e .  the rings 
and other sculptural elements. The development of the 
inner surface of the conch is also used at family leve! .  
Genera are recognized on the formation of rings and 
surface sculpture and on special characteristics of the 
inner surface of the conch. Boucek ( 1 964 : 3 1 )  lists three 
main criteria for distinguishing speeies, i .e .  the special 
characteristics in the formation and arrangement of the 
rings and surface sculpture, the shape of the conch and 
the angle of growth, and the size and the dimensions of 
the conch. The two former criteria were considered 
im portant also by Fisher ( 1 962 : W l 08) .  

My material is limited to  enabling me to  judge fully the 
valid ity of the above mentioned criteria for distinguish
ing order. However, from the relevant literature the 
features listed, except for details , seem Iogiea! . I t  is 
commonly held that the shape of the initial chamber 
forms one of the important morphological characters on 
which the three tentaculitoid orders may be disting
uished. However, that the various shapes are not limited 
to certain orders is shown by the present investigation 
and also by some previous papers . In  the order 
Tentaculitida, and especially within the family Voly
nitidae Ljashenko 1 969,  severai groups exhibit initial 
chambers with a more or less dro p-like shape. This 
character is otherwise regarded as significant for the 
orders Dacryoconarida Fisher 1 962 and Homoetenida 
Boucek 1 964 . 

The development of the initial chambers is strikingly 
similar in the order Homoetenida and certain volynitids 

but the totally dissimilar wall structures of  the two groups 
exclude any closer re!ationship. 

The development of a bulb-shaped initial chamber in 
dacryoconarid tentaculitoids has been emphasized 
particularly by Fisher ( 1 962)  and Boucek ( 1 964 ) .  Such 
initial chambers were regarded as missing in other small 
tubiform palaeozoic fossils .  However, besides the above 
mentioned volynitids ,  a number of sedentary tubiform 
fossils of unknown systematie position show well de
veloped initial chambers of this kind. This is clear from 
the vast number of minute sedentary tubiform fossils 
collected during the present investigation .  

It seems that  the main features for differentiation at 
ordel- leve! should be the thickness and construction of 
the wall together with the presenee or absenee of septa. 
Thus, the order Tentacultida shows thick-walled conchs 
with a smooth or undulating internal wall surface to the 
l iving chamber which reflects very little or not at all the 
exterior sculpture , and well developed septa. The other 
extreme is the order Dacryoconarida which have thin
walled conchs whose internal wall surface reflects entirely 
the external ornament of the conch, and no septa. The 
third order, Homoetenida, seems somewhat In
termediate, with a thin wall , an internal wall surface 
reflecting  the exterior, and with few but distinet septa . 

There are some features suggesting major differences 
in basic construetion of the conch wall at least between 
the orders Tentaculitida and Dacryoconarida .  B lind 
( 1 969) and the present investigation clearly demonstrate 
the three-Iayered construetion of the conch wall where 
two organic layers embrace a calcitic lamellar layer. In 
some dacryoconarids ,  Alberti ( 1 975 )  showed an entirely 
different construetion with an outer prismatie layer, a 
lamellar "nacreous" layer and an inner prismatie layer. 
This observation is confined to some conchs of the genus 
Styliolina and other members of the dacryoconarids must 
be examined if this presumed basic difference between 
the orders is to be corroborated. 

I am inclined to give the basic shape of the conch, i .e .  
straight or curved, a higher taxonomic value than it has 
been given hitherto. It is clear that tentaculitoids of man y 
genera show a slight curvature during the j uvenile 
growth stage , but when the curvature is maintained 
throughout growth,  as in the new genus Gotlandellites, I 
think it justified to regard this fea ture as significant at 
least at a generic leve! .  U ndescribed faunas of curved 
tentaculitoids occur in the Llandovery of Wales and 
Anticosti I sland. A new family is needed for such 
tentaculitids ;  thus the GotlandeIlitidae is introduced. 
Distinctly curved tentaculitoids of Devonian age have 
been described previously from the order Homoetenida, 
i .e .  Homoctenus dejlexus Lardeux 1 969 and H. jaregae 
(Ljashenko 1 955 ) .  Internal structures have been de
scribed brie fly only from the latter speeies, and thus it is 
not shown beyond doubt that the generic assignment is 
correct. Boucek ( 1 964 : 24)  regarded curvature of a conch 
either as a specific feature or of teratological origin .  

The assignment of tentaculitoids to a class is closely 
linked to their systematie position. Papers about classes in 
line with suggestions for zoological affinity are numer
ous. As a consequence there are various  designations of 



dass. Ljashenko ( 1 955)  created the dass Conichoncha in 
Phylum Mollusca . The dass embraced the tentaculitoids 
and the hyolithids .  This view is maintained in all her 
subsequent papers and is shared by other authors, e .g .  
Hajiasz ( 1 968 ,  1 974,  1 976) .  Joining tentaculitoids and 
hyolithids in a dass has been criticized and rejected by 
Boucek ( 1 964 ) ,  Fisher ( 1 967)  and Yochelson ( 1 96 1 ) . 

. Their papers together with new analyses of the 
morphology of hyolithids (Marek & Yochelson 1 976)  
have shown convincingly that  there is no logical reason to 
infer any relationship between and two fossil groups. 
Fisher ( 1 962)  created the dass Cricoconarida for the 
thick- and thin-walled tentaculitoids .  His diagnosis of 
Cricoconarida corresponds to that of subdass 
Tentaculitoidea Ljashenko 1 95 7 .  Howevcr, the latter was 
raised to dass level by Lardeux ( 1 969) .  Boucek ( 1 964 : 
45-47) also favoured the name Tentaculitoidea Lja
shenko 1 957 for all tentaculitoids .  U nfortunately Boucek 
( 1 964 : 45-47) on ly gave the name a rank of super-order. 
He created a new dass, Tentaculita, to indude 
tentaculitoids together with two other groups of tubiform 
fossils , the families Coleolidae and Cornulitidae erected 
by Fisher ( 1 962 ) .  I regard this dassification as entirely 
artificial and reject the dass Tentaculita. I agree with 
Lardeux ( 1 969 :  3 ,  foot-note 3) that we still know too l ittle 
about the latter families to justify giving them a systema
tic pos ition beside the tentaculitoids. Preliminary exami
nation of sedentary tubiform fossils in the S ilurian of 
Gotland show that the fossils which traditionally have 
been designated coleolids and cornulitids have many 
important morphological features which distinguish 
them dearly from true tentaculitoids .  Another opinion 
was advocated by B lind ( 1 972 )  who considered the 
tentaculitoids and cornulitids to be dosely allied. B lind 
based his statement on supposed similarities of 
microstructure . 

B lind ( 1 969) assigned the tentaculitoids a systematic 
position dose to cephalopods .  He created the new sub
dass Tentaculoidea in the dass Cephalopoda. This view
point was still maintained in a recent paper (Blind & 
Stiirmer 1 977 ) .  As severai of B lind's criteria for placing 
the tentaculitoids among the cephalopods may be proved 
doubtful or unfounded, this new subdass can only be 
regarded as artificial and may be rejected. 

I am indined to follow the suggestion by Lardeux 
( 1 969 :  24) to use the dass designation Tentaculitoidea 
Ljashenko 1 95 7 .  The name is  undoubtedly the most 
suitable. I t  embraces only conchs which possess all the 
features characterizing "true" tentaculitoids and it is 
neutral with respect to the affinity of the group. 

In  the systematic descriptions I del iberately refrain 
from longer discussion of the identity and valid it y of taxa 
erected.  Without proper illustrations and descriptions of 
many genera and species for comparison it i s  meaning
less to discuss synonymies, especially where names 
erected previously are only in the text and not figured. I t  
i s  obvious that  many taxa could be revised and severai 
could be merged or split up into new taxa. However, such 
work is not within the scope of the present investigation.  
As new faunas are described it will become possible to 
work out a more convincing dassification of the 
tentaculitoids. 
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Class Tentaculitoidea 
Ljashenko 1 957 
Synonymy. - O Super-order Tentaculitoidea n .  super-order 
- Ljashenko 1 957b :  84-8 5 .  O Class Cricoconarida n .  dass 
Fisher 1 962 : w I 09-w l l 0 .  O Class Tentaculita n. dass 
!,partim) - B oucek 1 964 : 50-5 1 .  O Class Tentaculitoidea 
Ljashenko 1 957 - Lardeux 1 969 :  29 .  O Subdass 
Tentaculoidea n. subdass - B lind 1 969 :  1 4 1 -142 .  

Nominate order. - Tentaculitida Ljashenko 1 955 

Diagnosis (emended) . - Marine animals characterized by 
calcitic lamellar, thick- or thin-walled conchs, open at one 
end without operculum, dosed at the other end. Size 
ranging between l and 80 mm. Conchs straight or 
curved, conical in shape, possessing bilateral symmetry , 
visible externally in the extreme proximal end, internally 
up to the last septum.  Cross-section circular beyong the 
initial chamber. Narrow end of the conch with an initial 
chamber conical, drop-like or bulbous in shape, wide end 
with aperture without indented rim and perpendicular 
or oblique to the long axis. Exterior of the conch with or 
without transverse or longitudinal ornament. Interior of 
the conch with or without proximal transverse septa. 
Septa not perforate and camerae not connected with one 
another. Internal wall surface smooth or uneven.  Life 
habit planktic or benthic. 

Orders. - Tentaculitida Ljashenko 1 95 5 ;  Homoctenida 
Boucek 1 964 ; Dacryoconarida Fisher 1 962 .  

Stratigraphical and geographical distribution. - The members 
of the dass are cosmopolitan and occur from Lower 
Ordovician to U pper Devonian. 

Remarks. - The diagnosis essentially follows that of 
Lardeux ( 1 969) .  However, it is extended to indude 
important characters which characterize some membe�s 
of the dass , i .e .  curvature over the entire conch, whlch I S  
an important feature in the new genus Gotlandellites and 
in the dacryoconarid genus Corniculina Klishevich 1 967 .  
Furthermore, the absence of an operculum and  the 
imperforate septa in septate tentaculitoids are important 
diagnostic features to distinguish the dass from e .g .  
cephalopods (cf. B lind 1 969) .  

Order Tentaculitida 
Ljashenko 1 955 
Nominatefamily. - Tentaculitidae Walcott 1 886 

Diagnosis (emended) .  - Thick-walled conical conchs, 
straight, occasionally with sl ightly curved proximal parts 
or curved along the full iength. Length ranging between 
l and 80 mm, average 1 0-20 mm. Initial chamber conical 
or with a slightly drop-like, bilaterally symmetrical shape . 
Exterior of the conch ornamented with rings of equal or 
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unequal size and spacing and with or without annulets in 
the interspaces .  Lirae generally wel l  developed. Interior 
divided proximally by transverse septa, either free or 
endoconic . Living chamber with smooth or undulating 
inner wall surface . Wall structure lamellar and thick, 
occasionally with well developed pseudopuncta. Benthic 
mode of life .  

Families. - Tentaculitidae Walcott 1 886 ;  Volynitidae Lja
shenko 1 969 ;  Rossiitidae Ljashenko 1 969 ;  U niconidae 
Ljashenko 1 95 5 ;  GotlandeIlitidae n.  fam .  

Stratigraphical and geographieal distribution. - As for the 
elass. 

Remarks. - The diagnosis is extended from that by 
Lardeux ( 1 969) to include the prominent curvature of 
some tentaculitids and the slightly drop-like shape of the 
initial chamber in some genera of the family Volynitidae .  
One character which may be significant for th i s  order is 
the construction of the wall where two organic layers 
embrace a lamell ar calcitic layer. I t  cannot yet be ineluded 
m the diagnosis, because the wall structure m 
dacryoconarids has been examined in on ly one case 
(Alberti 1 975 )  and not at all in the homoctenids. 

Family Tentaculitidae 
Walcott 1 886 
Type genus. - Tentaeulites von Schlotheim 1 820 

Diagnosis (emended) .  - Conical, thick-walled conchs, 
either straight or sl ightly curved proximally . Length on 
average 1 0-20 mm, exceptionally up to 80 mm.  Initial 
chamber conical . Exterior with rings perpendicular or 
oblique to the long axis and gradually increasing in size 
and spacing towards the distal end. Annulets in the 
interspaces and on the distal slopes of the rings. Lirae. 
InteriO!" divided proximally by transverse septa, free or 
endoconic. Wall surface of living chamber smooth or 
slightly undulating proximally, undulating distally. Wall 
structure lamell ar, occasionally with pseudopuncta. 

Genera. - Prolationus Ljashenko 1 969 ;  Seretites Ljashenko 
1 969 ; Tentaeulites von Schlotheim 1 820 ;  Traetabilis Lja
shenko 1 969 ;  Traetabilopsis n. gen . ;  Ukrainites Ljashenko 
1 969 ;  Uniformites Ljashenko 1 969 .  

Stratigraphieal and geographieal distribution. - As for the 
elass and order. 

Remarks. - The diagnosis is emended from those by 
Ljashenko ( 1 959)  and Lardeux ( 1 969) .  Both authors 
included characters for members of the family Voly
nitidae. No new diagnosis for Tentaculitidae was given 
by Ljashenko ( 1 969a) when genera earlier referred to 
this family were removed and referred to the new family 
Volynitidae. 

The family Tentacultidae is closely related to Voly
nitidae but differs in  the absence of secondary rings 
between the primary rings. There is a elear tendency in 
the latter family to develop rhythmic ring patterns which 
have severaI rings in each cyele. In  severaI of the genera 
erected by Ljashenko in 1 969 and then referred to 
Tentaculitidae, weak cyclic arrangements may be 
observed, e .g .  in Turmalites ( l  969a ; PIs . 4 :  1 ,  5 :  1 ) , 
Parvulites ( 1 969a; Pl .  7 :  3 ) , Sokolites ( 1 969a ;  Pl .  2 :  3 ) .  Such 
cycles occur also in one of her new Tentaculites species, T. 
polyeonus ( 1 969a; Pl .  l :  6-7 ) ,  where there is a conspicuous 
gradation in size of the rings (Pl .  1 :  7) . In  Bieingulites 
(Ljashenko 1 969a, Pl .  7 :  7-9) a bi-annulate ring pattern is 
conspicuous in which the proximal ring of each pair is 
elearly a secondary ring. Thus,  the character does not fit 
the diagnosis of Tentaculitidae but rather should be 
referred to Volynitidae .  There is good reason to assurne 
that Bieingulites is a junior synonym of Lonehidium d'Eich
wald 1 860 .  However, type material has not been ex
amined so Bieingulites must at present be retained as an 
independent genus. 

In Parvulites Ljashenko the shape of the initial chamber 
is elearly dro p-like (Ljashenko 1 969a, Pl .  7 :  3 ) .  The genus 
should then be omitted from Tentaculitidae. 

I t  seems that either some characters critical for the 
family Tentaculitidae sensu Ljashenko ( 1 969a) are dubi
ous or that some taxa should simply be referred rather to 
another family, preferably Volynitidae . The latter course 
of action is supported by the re-description by Zagora 
( 1 969) of Tentaeulites scalaris von Schlotheim and conse
quently type for the entire family. In  this species no cyclic 
pattern of the rings is observed but there is a continuous 
increase in size and spacing of the rings towards the distal 
end of the conch. There are still many matters to be 
eleared up and the systematics at family level are not yet 
entirely convincing. I tentatively refer the genera Biein
gulites Ljashenko, Parvulites Ljashenko, Sokolites Lja
shenko, and Turmalites Ljashenko to Volynitidae ya
shenko because the diagnosis of the family Tentaculitidae 
Walcott cannot embrace characters found in these gen
era. However, I must stress that I have not checked type 
material, only used information from the descriptions 
and accompanying illustrations .  

Tentaculitidae is easily distinguished from the other 
three families . Rossiitidae, Uniconidae and Gotlandel
litidae. I t  differs from the first by the undulating charac
ter of the inner wall surface of the living chamber and the 
ring pattern with only one type of rings, from the second 
in the size and arrangement of the rings and the inter
spaces ,  and from the third by the straight and larger sized 
conchs. 

Genus Seretites Lj ashenko 1 96 9  
Type speeies (by original designation) .  - Seretites dobrovlensis 
Ljashenko 1 969 ;  from the Lower Devonian Ivane Beds 
of Podolia. 

Speeies on Gotland. - Seretites ? cataractae n. sp . ,  S. ? exilis n. 
sp . , S . ? versabilis n. sp. 



Remarks. - The diagnosis given in Ljashenko ( 1 969a :  83 )  
for the  genus leaves much to  be  desired . The  short 
account gives hardly any diagnostic characters which 
distinguish this genus.  The figured holotype (Ljashenko 
1 969a, Pl .  3 :  l )  is unfortunately a thin section which does 
not gi ve much information because of the poor quality of 
printing. Figures for the other two Seretites species. S.  
astrovae (Pl .  3 :  2 )  and S .  zvanenslS (Pl .  9 :  4-5 ) ,  are 
similarly poorly printed . The latter figures show the 
external features and have been the main criteria for 
provisionally assigning some Gotland species to the 
genus.  

From the il lustrations  cited the genus seems 
characterized externally by a narrow, conical conch, 
expanding in the proximal part at a growth angle of 7-8 °. 
The conchs are medium-sized, straight except for the 
proximal part which occasionally shows a slight curva
ture. The ornament consists proximally of low ri ngs 
which increase very slowly in s ize and spacing distally .  
The adult part is characterized by rings of one size which 
occur regularly and relatively close to each other, sepa
rated by interspaces with 1 -3 annulets. The rings in the 
adult part seem to group but not in fixed positions (Pl. 9 :  
4-5 ) .  These figures o f  Seretites ivanensis also indicate that 
long interspaces may form distally. In pro file the juvenile 
rings appear symmetrical and low with gently rounded 
crests. The adult rings are also symmetrical with crests 
that are rounded or slightly asymmetrical and convexo
concave (Pl. 3 :  2a ) .  However, the details of the rings are 
not easily seen on the figures of Pl. 3 .  All rings are 
perpendicular to the long axis. The juvenile part is 
divided internally by septa which on the holotype seem to 
be regularly spaced, straight and thin. The thin section of 
S. astrovae (Pl .  3 :  2a) also shows regularly spaced septa, 
but with narrow free parts and thick mural parts which 
extend distally for a considerable distance. The prints 
un fortunately are too pOOl' to give any detail of the septal 
structures .  Neither do the descriptions of the three 
species give such information.  

The brief summary given of the generic characters of 
Seretiles is all that can be obtained from the published 
illustrations .  There are many important details of the 
morphology which cannot be elucidated without study of 
the type material .  However, the generic characters do 
seem appropriate to some species from Gotland which 
are therefore provisionally assigned to Seretites ? Ljas
henko, 1 969 .  

Seretites? cataractae n .  sp .  
Fig .  24 .  

Derivation of name. - Greek kataraktes, waterfall , referring 
to the type locality at the section at Vattenfallsprofilen l ,  
Gotland . 

Holotype. - SMNH No. X 1 58 3 ,  Fig. 24A. 

Type stralum. - Hogklint Beds,  unit b,  1 9 .50-1 9 .60 m a . s . l .  
in the section at Vattenfallsprofilen l .  

Type locality. - Vattenfallsprofilen I ,  Gotland . 
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Table 2. Seretites? cataraetae n.  sp. (dimensions in mm) .  

Spee. No.  

SMNH X 1 583 
(holotype) 
SMNH X 1 0 1 4  
S M N H  X 1 0 1 5  
S M N H  X 1 0 1 7  

SMNH X 1 020 
SMNH X 1 023 
SMNH X 1 02 5  
SMNH X 1 584 

DEEC ODID OPRD ODLS 

7 .2 9  

7 . 8 0  0 . 8 0  
6 . 7 7  
7 . 3 0  0 . 68 

2 . 2 0  
3 .95 
3 .60 

1 1 .68 

0 . 3 6  
0 . 5 8  
0 . 5 0  

0 . 1 2  

0 . 1 6  
0 . 1 0  
0 . 1 4  

0 . 1 8  
0 . 2 9  
0 . 2 2  
0 . 1 4  

0 .43 
0 .45 

PA 

Material. - From the type locality , 1 0  specimens from the 
U pper Visby Beds and 1 97 from the Hogklint Beds ;  
from additional localities ,  9 specimens in  the U pper 
Visby Beds and 53 in the Hogklint Beds. 

Diagnosis. - Straight, medium sized , Seretites? expanding 
proximally at 4 . 5-6° ,  distal part subcylindrical. Annula
tion consisting of three different patterns .  Proximally 
with equally spaced, symmetrical rings, then more widely 
spaced rings with one annulet in each interspace . Distal 
part with regularly spaced rings separated by 3 or 4 
annulets in each interspace . Lirae not crossing rings. 
Proximally with well developed, regularly spaced septa 
with straight free parts. In ternal wall surface smooth 
proximally, distinctly undulating distally. Pseudopuncta 
unknown. 

Description. - Straight, narrow conch with a proximal 
growth angle of 4 . 5-{j°. Distal part subcylindrical .  Conch 
medium-sized, maximum length estimated at 1 5- 1 6  mm.  
Minimum outer proximal diameter 0 . 1 0  mm,  maximum 
outer distal diameter 0 .95  mm.  No preserved initial 
chamber found.  Aperture perpendicular to long axis. 

Conch annulated in three principal modes. Proximal 
end with regularly spaced ,  symmetrical rings increasing 
gently in size and spacing distally. Crests of rings fairly 
sharp, of ten with a bi-concave profile. Interspaces 
separating rings smooth and concave. Density of rings 
1 2- 16  per mm. Distally in the juvenile part rings become 
more widely spaced and separated by concave interspaces 
which each have a central symmetrical ann ulet. Density 
of rings 6 per mm. Transition between the two ring 
patterns described takes place at an outer conch diameter 
of 0 .20-0 .25  mm. Distal part of conch with rings spaced 
at intervals of 0 . 25-0 .50 mm and separated by slightly 
concave interspaces which have 3 or 4 annulets . This 
latter type of annulation begins approximately at the 
level of the last septum,  i.e. at an outer conch diameter of 
0.40-0 .45 mm. Distal rings asymmetrical with straight or 
slightly opisthocyrt axial traces .  Shape of rings convexo
concave. Hinge line commonly marked,  forming the 
crestal line of the rings. Height :  basal width generally l :  2 .  
Distal annulets distinct, in profile o f  ten prosocyrt and 
triangular with pointed crest. 

Tertiary interspaces and distal slopes of the rings, with 
well developed lirae crossing the annulets but not the 
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Fig. 24. Seretites? cataractae n. sp.  A. Vattenfallsprofilen l ,  
1 9 .50- 1 9 .60 m .  B ,  C .  Vattenfallsprofilen l ,  1 9 . 80- 1 9 . 8 5  m .  D ,  E.  
Vattenfallsprofilen l ,  1 9 .30  m. F.  Gutevagen l ,  MS 45 1 .  G. 
Lickershamn l ,  MS 3 0 5 .  D A. Holotype, SMNH X 1 58 3 ,  x 2 5 .  O 
B .  Speeimen showing adult part, SMNH X 1 0 1 8 ,  x 2 5 .  O C.  
Speeimen showing early adul t  part, SMNH X 1 0 1 9 ,  x 2 5 .  O D. 

rings. Dens ity of lirae 5-6 per o .  J mm proximally and 7-8 
per O . l mm distally . 

Proximal septal region :  septa well developed , the most 
distal one occurring at an outer conch diameter of 
0 .40-0 .45 mm. Total number of septa in mature speei
mens unknown but, judging from the thick accumulation 

Speeimen showing late juvenile and early adult parts, SMNH X 
1020 ,  x 2 5 .  O E. ]uvenile part of conch , SMNH X 1 684 , x 2 5 .  O 
F. Oblique apertural view of distal rings and annulets, SMNH X 
1 6 8 5 ,  x 2 5 0 .  O G. Longitudinal section of septum, SMNH X 
1 0 2 3 ,  x 200.  

of mural parts ,  the number should at least exceed 1 0 .  
Septa are 0 .40-0 .55  mm apart, free parts perpendicular 
to long axis. Those most proximal septa always with 
straight and very thin free parts. Distal parts of septal 
region with free parts of septa proximally having straight 
laminae but increasingly concave septa. Thickness of 



septa 0 .05-0 .09 mm.  Mural parts of proximal septa very 
long while on the distal septa they taper out rapidly. 
Mural parts symmetrical . 

Living chamber symmetrical with proximal end 
rounded or blunt. Chamber gently expanding in a distal 
direction.  Internal wall surface smooth along the proxi
mal half of the living chamber but gradually irregular in 
the distal half. Inner wall surface reflecting roughly the 
external surface of the wall ;  undulation caused by well 
developed annular shelves located proximally to the crests 
of the rings. 

Pseudopuncta unknown . Thickness of primary shell 
0.02 mm proximally, 0 .05-0 .07 mm distally. Wall consid
erably thickened proximally by thick accumulations on 
mural parts of septa.  Total thickness in this region 
0 . 1 0-0 . 1 5  mm. 

Remarks. - Seretites? cataractae occasionally shows some 
variation in density of the rings in the extreme proximal 
part of the conch. There may be up to 20-22 per mm.  
The shape of the distal rings varies somewhat towards 
being more symmetrical and wider at the base. 

Having three ring patterns distinguishes this speeies 
from all others on Gotland. Separately, the various ring 
patterns resemble those in other Seretites? speeies, i .e. S. 
exilis and S. ? versabilis. The distal ring pattern shows 
similarities with the ring pattern of Tentaculites limatulus 
but the latter speeies has wider interspaces and more 
annulets per interspace. 

Occurrence. - Seretites ? cataractae ranges from the lower 
part of the Upper Visby Beds up to the upper part of the 
Hogklint Beds, unit b. In the section at Vattenfallsprofi
len l ,  it occurs between 1 . 5 and 22 . 5  m a . s . l .  It  is sparse in 
the U pper Visby Beds but abundant in the two lowermost 
units, a and b, of the Hogklint Beds. I t  is not yet known 
outside Gotland . 

Seretites? exilis n .  sp .  
Fig .  25 

Derivation of name. - Latin exilis, thin ,  slender, referring to 
the thin development of the rings and the generally 
slender conch.  

Holotype. - SMNH No. X 1 589 ,  Fig .  25A .  

Type stratum. - U pper Visby Beds ,  1 .0-1 .90 m a . s . l .  in the 
section at Vattenfalls profilen l .  

Type locality. - Vattenfallsprofilen l ,  Gotland . 

Material. - From the type locality 1 0  speeimens;  from 
localities in the Lower Visby Beds 37 speeimens, from the 
U pper Visby Beds 40 speeimens and from the Hogklint 
Beds, unit a, 2 speeimens .  

Diagnosis. - Straight, slender, medium-sized Seretites ? 
speeies, expanding proximal part at 4_5 °, distal part 
subcylindrical. Annulation of three types. Proximal part 
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Table 3 .  Seretites? exilis n.  sp .  (dimensions in mm).  

Spee. No. DEEC ODID OPRD PA 

SMNH X 1 58 9  6 . 3 0  0 . 5 5  0 . 3 2  
(holotype) 
SMNH X 1 026 5 . 1 3  0 .63  0 .50 
SMNH X 1 03 0  2 . 1 5  0 .34 0 .22 4 0  
SMNH X 1 0 3 1 2 . 00 0 . 3 8  0 . 2 5  4 . 5 0  
SMNH X 1 0 3 2  5 . 6 2  0 . 5 0  0 . 3 3  

with equally spaced rings , succeeded distally by asym
metrical, sl im and high rings separated by one annulet in 
each interspace. Distal part with sequences of the latter 
type of annulation alternating with others having weakly 
developed rings separated by interspaces with 3 or 4 
annulets. Lirae. Proximal part internally with straight, 
regularly spaeed, thin septa. Internal wall surface of 
living chamber smooth proximally, gently undulating 
distally. Pseudopuncta unknown. 

Description. - Conical, slender conch, proximal part ex
panding at 4-5 °, distal part subcylindrical. Estimated 
length 1 2- 1 3  mm.  Minimum outer proximal diameter 
0 .09 mm. Outer distal diameter 0 .65  mm. Initial chamber 
unknown . Aperture perpendicular to long axis. 

Surface of conch annulated in three principal modes; 
proximal part with rings of equal size and spaeing, 
occasionally every other ring slightly larger in size. More 
distally, two alternating ring patterns .  One pattern of 
asymmetrical , narrow and high rings with orthocline 
axial trace and convexo-concave profile. Rings spaced 
0 .09-0 . 1 2  mm apart proximally and 0 . 1 6-0 .20  mm dis
tally (measured at an outer conch diameter of 0 . 24-0 .36  
mm and 0 . 50-0 .65 mm,  respectively) .  Interspaces slightly 
concave or flat with one, sometimes two or three, regular 
annulets. Annulets distinetly prosocyrt and pointed, 
height :  basal width l . S :  l .  This type of annulation extend 
for a length of  2 . 0-2 .5  mm. Second type of distal ann ula
tion com prises more widely spaeed, low rings with low 
crests, separated by interspaces with 5-7 annulels. Spac
ing of rings between 0 . 25-0 .40 mm.  The two distal ring 
patterns have no fixed positions on the conch, but vary 
considerably . 

Well developed lirae in each tertiary interspace , cros
sing annulets but not rings . Density of lirae 1 5-20 per O . l 

mm. 
Proximal septal region :  septa thin ,  straight,regularly 

spaced at intervals of 0 . 1 7-0 .20  mm. Total number 
unknown but minimum 8. Last septurn at an outer 
diameter of  0 . 25-0 .30 mm. Free parts of septa 
perpendicular to long axis. Their thickness 0 .005-0 .007 
mm. Mural parts thin and extend, overlapping one 
another, for .  a considerable distance in the conch. 

Living chamber subcylindrical with a blunt proximal 
end. Internal wall surface rather smooth proximally, 
more irregular distally as the mural parts of  the last septa 
taper. 

Primary shell thin, having a proximal thickness of 
0 .005-0 . 0 1  mm,  distal thickness 0 .0 1 2-0 .0 1 5  mm.  Total 
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Fig. 25. Sereliles? exilis n. sp.  O A. Holotype, SMNH X 1 589 ,  
x 25 ;  Vattenfallsprofilen l ,  1 . 70-1 .90 m. D B . Speeimen show
ing adult ring pattern, SMNH X 1 029,  x 2 5 ;  Gnisvard l ,  MS 
1 75 .  O C .  A different distal ring pattern, SMNH X 1 028 ,  x 2 5 ;  
sam ple a s  for B .  O D. Speeimen showing juvenile ring pattern, 

thickness of proximal wall increased by mural parts of 
septa to 0 . 0 1 8-0 .020 mm. Pseudopuncta unknown. 

Remarks. - The material i s  fragmenta ry which makes a 
study of variation somewhat difficult .  However, same 
variation in  the length of the various annulation patterns 
as well as their alternation may be observed.  

The annulation pattern of Seretites ? exilis shows 
similarities to S. ? cataraclae, but the former speeies may be 
distinguished by the more irregular occurrence of the 

SMNH X 1 03 0 ;  x 25; Nyhamn l ,  MS 1 76 .  O E.  Oblique 
apertural view of distal primary rings and annulets, SMNH X 
1033 ,  x 250 ;  I reviken 2 ,  G 74-47 KL. O F . Longitudinal section 
of distal septal region and early adult part, SMNH X 1 034 ,  
x 125 ;  sample as for E .  

ring patterns, the sharper rel ief and higher density of the 
rings. Internally, the septa of S. ? exilis are much thinner 
than those of S. ? cataractae. The difference in size of the 
twa speeies is also significant. 

Occurrence. - Seretites ? exilis is sparse In the Lower and 
U pper Visby Beds. A few speeimens questionably refer
red to this speeies have come from the basal parts of the 
Hogklint Beds ,  unit a. The speeies has not sa far been 
found outside Gotland. 



Seretites ? versabilis n .  sp.  
Figs .  17  A-B , 1 8 C ,  26 .  

Derivation of name. - Latin versabilis, changeable, referring 
to the regular change in the proximal part between rings 
and annulets. 

Holotype: SGU type collection, Fig. 26A.  

Type stratum. - Slite Beds ,  Slite MarI. 

Type loeality. - Follingbo 1 0 , Gotlanå . 

Material. - From the type locality 7 specimens, from 
additional localities 45 specimens .  

Diagnosis. - Straight, narrow, proximal part expanding at  
4-5 . 5 °, distal part slightly less .  Ornament in proximal 
part perpendicular to long axis. Early distal part with 
regularly spaced rings separated mostly by one annulet in 
each interspace . Distal r ing pattern of more widely 
spaced rings separated by interspaces with 2-4 annulets, 
most distally rings in pairs, well spaced apart. Rings 
asymmetrical, convexo-concave and compartively low. 
Proximal part divided internally by well spaced, thin 
septa, perpendicular or occasionally slightly oblique to 
long axis. Living chamber slightly conical with obtuse 
proximal end. Internal wall surface smooth. Conch wall 
without pseudopuncta. 

Description. - Conch narrow, proximal part expanding at 
4-5 °, d istal part slightly less .  Change from proximal to 
distal growth angle gradual .  Conch straight, medium
sized , estimated length in mature specimens 14-16  mm.  
Initial chamber unknown. M inimum outer proximal 
diameter 0 . 1 0  mm. Aperture perpendicular to long axis. 
Outer distal diameter in mature specimens normally 
0 . 95-1 . 1 0  mm. 

External ornament of two principal r ing patterns. 
Proximal part and distal part up to an outer conch 
diameter of ca. 0 . 90  mm with regular alternating rings 
and annulets. Most interspaces with only one annulet 
especially in the region immediately before the distal ring 
pattern. Most proximal interspaces with two or even 
three annulets. Spacing and size of rings increasing 
gradually in a distal direction ,  dens it y 4-5 rings per mm.  
Rings slightly asymmetrical wi th orthocline or prosocline, 
slightly prosocyrt, axial traces. Profile of rings convexo
concave. Hinge lines distinct forming the crestal lines of 
the rings. Annulets coarse with wide baSeS, cuspate or 
slightly convexo-concave in profile. Distinction of rings 
from annulets occasionally difficult because of the large 
size of the latter. 

Distal ring pattern of more widely spaced and larger 
rings. Most distal rings commonly grouped in pairs, 
density 3 rings per mm. Spacing of rings rather variable, 
commonly between 0 .3 5-0 .50  mm. Rings separated by 
interspaces with 2-4 regularly spaced annulets . Distal 
rings distinctly asymmetrical with prosocline and pro
socyrt axial traces, profile convexo-concave with sharp 
hinge lines distal to the gently rounded crests. Rings 
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Table 4 .  Seretites ? versabilis n.  sp. (dimensions in  mm) .  

Spee. No .  DEEC ODID OPRD ODLS PA 

Holotype 1 2 .52  0 .92 0 . \ 4  4 . 5 0  
sev Te 1 9  1 1 .48 0 .92 0 . 1 6  5 0  
sev Te 20 1 5 . 1 2  0 .96 0 . 1 6  5 . 5 0  
sev Te  2 2  9 .56  0 .88  0 . 1 6  4 . 5 0  
sev Te 2 4  1 2 .60 0 . 8 8  0 . 2 4  4 . 5 0  
sev Te 2 5  1 5 . 2 0  0 .92  0 . \ 4  4 . 5 0  
SMNH X 1 595 6 . 8 5  0 . 6 3  0 . 1 0  0 . 3 6  5 0  
SMNH X 1 597 3 . 52 0 . 5 9  0 .24 0 .32  4 . 5 0  

comparatively low,  0 .07-0 .08 mm,  height: basal width l :  

2 .0-2 . 5 .  
Annulets of  distal part similar t o  those proximally. 
Interspaces either flat or concave, the latter especially 

in the tertiary interspaces .  
Whole conch covered by wel l  developed lirae crossing 

annulets, but not occurring on the slopes of the rings, 
density 5-6 per O . l mm length. 

Proximal septal region ;  septa well spaced at intervals of 
0 . 1 5-0 .35  mm, last septurn at an outer conch diameter of 
0 .30-0 .36 mm. Free parts of  septa generally perpendicu
lar to long axis, occasionally slightly oblique, thin, 0 . 0 1  
m m .  That same thickness i s  maintained in the mural 
parts which extend distally for a considerble distance. 
Mural parts clearly overlap one another, not on ly the 
next septurn but severaI. 

Living chamber conical or subcylindrical most distally, 
proximal end obtuse . I nternal wall surface smooth with 
only minute annular concavities at the rings. 

Pseudopuncta unknown. Thickness of primary shell 
0 .02-0 .03 mm proximally and slightly more, 0 . 04-0 .05 
distally. Total thickness of the proximal conch wall In
creased 3-4 times by the mural parts of the septa. 

Remarks. - Seretites ? versabilis shows some variabil ity which 
could occasionally complicate identification .  Variation 
occurs mainly in the distal part of the conch where rings 
differ in size , shape and spacing. Occasionally this pro
duces a ring pattern either resembling that of Dierieaeanus 
clintian.us or Dierieaeanus acutalis. The ring pattern of the 
proximal part may also vary, to have more widely spaced 
rings than normal and more annulets per interspace . 
Distally, the bi-annulate ring pattern and the very wide 
interspaces are characteristic of the species .  

The features of Seretites ? versabilis seem to  agree fairly 
well with those in same species of Seretites Ljashenko. For 
example, Seretites ivanensis (Ljashenko 1 969a,  Pl. 9: 4-5 )  
develops the  same type of distal ring pattern. Besides, 
oblique septa are characteristic of Seretites. Provinsionally, 
the Gotland species described is designated Seretites ? 
versabilis. 

Occurrence. - Confidently determined specimens of Sere
tites? versabilis have only been found at localities in the 
Slite Mari, northwestern part and in undifferentiated 
leveIs . The species is  relatively rare at the localities .  It  has 
not been observed outside Gotland. 
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Genus Tentaculites von Schlotheim 1 82 0  

Type species (designated subsequently b y  Zagora 1 969) .  -
Tentaculites scalaris von Schlotheim 1 82 0 ;  from a Silurian 
erratic boulder, Oberwiederstadt, Germany. 

Species in Scania and Gotland. - Tentaculites gothemensis n. 
sp . ,  T. hisingeri n. sp . ,  T. limatulus n .  sp . ,  T. liquis n. sp., T. 
loxus n .  sp . , T. obstipus n. sp . ,  T. scalaris von Schlotheim . 

Diagnosis (emended) .  - Medium to large in size, 1 0---40 
mm,  genus of the family Tentaculitidae . Conical conch , 
proximal part expanding at 6-1 3 °, distal part at l_5 °  or 
becoming subcylindrical. Conch straight except for the 
proximal part which exhibits some degree of curvature. 
Initial chamber conical, passing gradually into the 
juvenile part. Width of the distal conch 1 . 5-2 mm,  
occasionally up to 3 mm.  Exterior wi th prominent pri
mary rings perpendicular to oblique to long axis and 
increasing gradually in size and spacing towards the distal 
end. Regular, d istinct annulets in interspaces and on 
distal s lopes of rings . Lirae.  Interior of conch divided 
proximally by septa, in the most proximal part mostly 
free, distally endoconic. Occasionally, all septa endoconic, 
densely packed. Living chamber long, conical or sub
cylindrical with a distinctly conical proximal end. Internal 
wall surface dearly undulating along most of the living 
chamber because of well developed annular shelves in the 
rings , distal to their crests. Pseudopuncta occasionally 
developed. 

Stratigraphical and geographical distribution. - The type 
species , T. scalaris, occurs in Downtonian and Podlasian 
Beds of the Baltic area. Other species of the genus occur 
in  Wenlockian-Ludlovian and up to the Frasnian-Famen
nian boundary (Lardeux 1 969) .  Reports of the genus in 
the Ordovician are dubious (cf. Lardeux 1 969 :3 1 ) . The 
genus is cosmopolitan.  

Remarks. - The generic designation of Tentaculites was 
settled finally by Zagora ( 1 969)  who re-discovered and 
re-described von Schlotheim's ( 1 820 )  species T. scalaris 
and designated a lectotype (PI .  3 :  3 )  from among von 
Schlotheim's original material ( 1 820 ,  PI .  2 9 :  9). Un
doubtedly, the lack of a proper designation and descrip
tion of the " type genus" for the entire order 
Tentaculitida caused much of the disorder evident for 
such a long time in the tentaculitoid literature . U nfortu
nately, the lectotype is very poorly preserved (cf. Zagora 
1 969 :  223 ) .  However, the additional material figured, 
except for the specimen in PI .  2 :  l which probably belongs 
to another species, is convincing and illustrates well the 

Fig. 26.  Seretites? versabilis n.  sp. D A.  Holotype, seu type 
collection,  x 1 0 .  D B. seu type collection,  x 1 0 .  D A,  B -

Follingbo 1 0 ,  unnumbered seu sample. D e . seu type collec
tion, x 1 0 ;  Follingbo 9 ,  unnumbered seu sample. D D.  Lon
gitudinal section of septal region, SMNH X 1 59 7 ,  x 1 2 5 ;  Fol
lingbo 2, MS 420. D E. Detail of juvenile part, SMNH X 1 596,  
x 100;  same sample as for D.  D F ,  e .  Longitudinal section of 
distal conch wall, x 250, and last septum, X 1 75 ,  SMNH X 1 667 ; 
Follingbo l ,  MS 4 3 5 .  

Silurian tentaculitids from Gotland and Scania 69 

significant generic characters. My additional material of 
Tentaculites scalaris from the Ohesaare Beds of Estonia 
confirms this .  The diagnosis above is  extended compared 
with that given by Zagora ( 1 969 :  2 23 )  to indude signific
ant internal characters . 

It is not possible to review all species referred in 
l iterature to this genus,  as was explained earlier. Lardeux 
( 1 969 :  3 1 )  lists 27  species but the generic assignment of 
severaI is questionable. I agree with Lardeux that revision 
is  necessary to show the true generic affinity . This applies 
particularly to many species from the Silurian and Devo
nian of  Great B ritain and North America. 

Tentaculites gothemensis n. sp .  
Fig .  27  

Derivation of name. - Latin Gothemensis, from the parish of  
Gothem which indudes the type locality. 

Holotype. - SMNH No. X 1 1 40 ,  Fig. 2 7 B .  

Type strata. - Halla Beds, unit c (sample G 72-1 04a KL) .  

Type locality. - Gothemshammar l ,  Gotland.  

Material. - From the type locality, 40 specimens .  From 
other localitie s ,  13 specimens.  

Diagnosis. - Medium-sized Tentaculites with slightly curved 
proximal part. Proximal growth angle 7-1 0 °, d istal 
growth angle 2-3 °. Distal annulation of distinct rings, 
occasionally in cydes of 4 or 5 rings and separated by 
interspaces with few annulets .  Primary interspaces slop
ing inwards . Living chamber conical, in its proximal part 
distinctly asymmetrical and pointed, d istally with a 
strongly irregular wall surface which has annular pro
sodine shelves .  Weak pseudopuncta. 

Description. - Conch slender, proximal part expanding at 
7-1 0°, d istal part at 2-3 °. Proximal conch slightly curved, 
in some specimens distinctly curved . Distal part straight. 
Estimated full  length of  adult specimens 1 1 -1 2 mm.  
Initial chamber unknown .  Minimum outer proximal 
diameter ca. 0 . 1 0  mm. Aperture perpendicular to long 
axis . Outer distal diameter normally 0 .90-0 .95 mm.  

Conch ornamented wi th  rings and annulets, normally 
perpendicular to long axis but occasionally slightly obl i
que, especially in  juvenile part. Annulation of extreme 
juvenile part of small rings which increase gradually in 
s ize and spacing distally. Density of rings 1 5- 1 6  per mm 
in  early proximal part, 7-9 per mm more distally. Inter
spaces in  distal  juvenile part frequently each having one 
annulet. This ring pattern continuing into the early adult 
part of the conch but with gradually wider interspaces 
and larger rings . Distal part of conch with equally spaced 
rings, with a density of 3 rings per mm. Indistinct cydic 
pattern developed occasionally, each cyele having 4-5 
rings. This weak cydic pattern shown merely by the 
increased size at intervals of one ring followe.d by a 
somewhat wider interspace than normal. 
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Table 5. Tentaculites gothemensis n. sp .  (dimensions in mm) .  

Spee. No.  DEEC ODID OPRD ODLS PA 

SMNH X 1 1 40 6.93 0.83 0.23 8°  
(holotype) 
SMNH X 1 1 4 1  7 . 92 0 .95 0 . 1 6  7 °  
SMNH X 1 145  7 .64 0 .95 0 .27 0 .42 8°  
SMNH X 1 1 46 8 . 1 2  0 .95 0 .20 1 0 °  
SMNH X 1 147 9 .54 0 . 1 4  0 .47 9° 
SMNH X 1 1 54 7 .52  0 .20 7°  
SMNH X 1 1 56 7 .56  0 .92  0 . 1 2  7 . 5 °  
SMNH X 1 1 59 8 . 7 1 0 .83 0 . 1 6  7 °  

Rings in  juvenile part almost symmetrical with wide 
bases and low , gently rounded crests. Rings in  adult part 
clearly asymmetrical, orthocline or faintly prosocline, 
axial traces orthocline and prosocyrt, rings s lightly con
vexo-concave in profile. Proximal s lopes of rings steep, 
sometimes becoming almost perpendicular to long axis of 
the conch, distal slopes generally passing into the suc
ceeding interspace without any marked boundary . 
Height of distal rings 0 . 1 0-0 . 1 5  mm on their proximal 
sides, 0 .05-0.06 mm on their distal slopes, height: basal 
width l :  1 . 5- 1 .6 .  

Annulets absent from the most proximal juvenile part 
but present more distally, one per interspace , adult part 
generally with 3-5 per interspace. Annulets distinctly 
prosocline, especially at distal end commonly attaining a 
height of 0 .04-0.06 mm. Rings narrow with a pointed 
profile. 

Proximal interspaces concave and narrow, distally 
widening gradually to about twice the basal width of the 
rings . Interspaces sloping inwards to long axis of conch at 
angles of 5-1 0°. 

Whole conch ornamented by min ute indistinct l irae at 
a density of 20  lirae per O . l mm.  

Proximal septal region :  septa numerous, mostly 
grouped into a massive endoconic structure . Endocones 
generally extending ca. 2 mm with the last septurn at a 
conch diameter of ca. 0 .45-0 .50  mm, strongly asymmetri
cal, with their mural parts at angles of 1 0-25 °  to long axis. 
Septa at extreme proximal end normal with straight or 
sl ightly concave free parts and symmetrical mural parts, 
spaced at 0 .2 5-0 .50  mm with a thickness of ca. 0 .05 mm.  

Living chamber long and distinctly conical. Proximal 
part asymmetrical. Inner wall surface of living chamber 
strongly irregular because of well defined annular con
cavities. Accumulation of lamellae greatest on the inner 
part of the proximal limbs of the rings to form distinct, 
prosocline annular shelves .  

Pseudopuncta developed weakly in proximal l imbs of 
rings. Thickness of primary shell increasing gradually 
from 0 .04 mm proximally to 0 .07 mm distally. 

Fig. 27. Tentaculites gothemensis n .  sp.  Gothemshammar l ,  G 
72-1 04 KL. O A. Almost complete speeimen, SMNH X 1 1 59,  
x 15 .  O B.  Holotype, SMNH X 1 1 40 ,  x 1 5 .  O C .  Speeimen 
showing early adult part, SMNH X 1 1 52 ,  x 7 5 .  O D . Longitudi
nal section of distal primary ring, SMNH X 1 1 5 1 ,  x 300. D E. 
Speeimen showing juvenile and early adult parts, SMNH X 
1 1 53 ,  x 75 .  
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Remarks. - The morphological characters of Tentaculites 
gothemensis show limited variation. There may be some 
differences in the ring pattern, occasionally tending 
towards a cyclic arrangement of the rings. The number 
and position of the annulets may show some variation,  
especially in the proximal part. Some specimens may 
have a single ann ulet in  the proximal part of each 
interspace . 

The distal part of the conch of Tentaculites gothemensis 
resembles that of Tractabilopsis serratus, having similar, 
inward sloping interspaces .  However, the latter species 
has much more distinctly convexo-concave rings, more 
annulets per interspace and more distinct lirae. The 
juvenile parts of the two species are very dissimilar. 

Occurrence. - Tentaculites gothemensis is com paratively rare 
and only low numbers have been found at the type 
locality in the Halla Beds,  unit c. Some finds at a few 
other localities suggest that the species may extend u p  
into the lower part of the Klinteberg Beds .  

Tentaculites hisingeri n .  sp .  
Figs . 12D,  2 8 .  

Derivation of name. - Latin hisingeri, in  honour o f  Wilhelm 
Hisinger, Swedish naturalist and geologist, 1 766-1 852 , 
who gave the first brief description and illustration of the 
species. 

Synonymy. - O Tentaculites annulatus Hisinger-Hisinger , 
1 837b, Pl .  3 5 :  2 .  D T. scalaris - Zagora 1 969 ,  Pl .  2 :  l .  

Holotype. - SMNH No. Mo.  4766,  Fig. 28A,  figured In  
Hisinger 1 837b, P l .  35 :  2 .  

Type stratum. - Burgsvik Beds ,  upper part. 

Type locality. - Hoburgen,  Gotland. 

Material. - Gotland :  from the Eke Beds 2 1  specimens ,  
from the B urgsvik Beds 45  specimens and from the 
Hamra Beds 66 specimens .  Scania :  98 specimens from 
the Oved-Ramsåsa Beds,  unit  l .  

Diagnosis. - Large-sized Tentaculites expanding i n  proxi
mal part at 8-1 2 °, in distal part at 3_5 °. Conch straight ,  
except in juvenile part with a clear curvature. Initial 
chamber conical. Annulation prominent, proximally with 
gradually denser ri ngs, d istally with asymmetrical rings . 
Rings of equal height and width separated proximally by 
concave interspaces, distally by flat, distinctly inwards 
sloping interspaces .  Annulets prominent,  proximally l or 
2 per interspace, distally 6-1 0 .  Pseudopuncta well de
veloped . 

Description. - Conch proximally expanding at a growth 
angle of 8-1 2 °  except for its most proximal extreme 
which is more or less subcylindrical. Distal part of conch 
expanding at a growth angle of 3_5 °, change in growth 
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Table 6. Tentaculites hisingeri n. sp. (dimensions in mm).  

Spee. No.  DEEC ODm OPRD OD FR ODLS PA 

SMNH Mo. 4766 1 4 .20 1 .85  0 . 1 3  0.40 1 0 °  
(holotype) 
SMNH X 1434 6 .53 0 . 1 8  0.40 10 °  
SMNH X 1436  1 2 .69 1 .88 0.40 0.85 8° 
SMNH X 1437 1 6 .7 1 2 .06 0 .22 0 .96 8°  
SMNH X 1438 1 5 . 1 3  1 . 77 0 .33 0 .5 1 9° 
SMNH X 1439 1 2 . 9 1  1 .84 0 .26 0 .66 9° 
SMNH X 1440 8 .4 1 1 .25  0 . 1 5  0.40 8° 
SMNH X 1443 3 .46 0 .70 0 . 1 4  0 .3 1 0 .59 10°  
SMNH X 1452 2 1 .07 0.20 0 .5 1 8 °  
SMNH X 1453 1 3 .46 1 . 74 0 . 1 0  0 .5 1 I l ° 
SMNH X 1454 1 3 .54 1 .66 0 .28  0 .55 0 .87 I l °  
LR 2 20 .20 2 . 1 0  0 . 1 6  0 .5 1 1 0 °  
L R  3 1 7 .90 2 . 1 4  0 .07 0.48 1 . 1 4 1 2 °  

angle rather gradual, in many specimens more rapid a t  a 
conch diameter of about 0 .50-0 .60 mm, i .e .  in the part of 
the conch where the distal ring pattern begins .  Conch 
straight except for the most proximal part, which fre
quently has distinct curvature. Conch large , fully mature 
specimens attaining a length of  20-22 mm. Outer distal 
diameter 2 .0-2 .20  mm, outer proximal diameter im
mediately behind initial chamber about 0 .06-0 .08 mm. 
Initial chamber conical , passing directly into the pro xi
mal, juvenile part without any detectable constriction or 
other feature to distinguish it from the rest of the conch . 

Annulation of two ring patterns ,  rings and annulets 
perpendicular to long axis. Proximal part with low rings 
passing gradually to distinct primary rings in the distal 
part of the conch. The transition mostly occurring at a 
conch diameter of about 0.40-0 .50  mm, occasionally 
already at a conch diameter of  0 . 25-0 .30 mm. Juvenile 
rings increasing gradually in  size and spacing, at a density 
from 14 to 1 6  rings per mm. Primary rings of the distal 
part initially increasing rapidly in size and spacing, but 
soon attaining rather constant spacing and size, total 
num ber of rings in fully adult specimens up to 30 ,  ring 
density 4 per mm proximally and 2 per mm distally. 
Primary rings from 0 .45-0 .50  mm apart proximally and 
0 .80-1 .20 mm distally. 

First 2 or 3 primary rings symmetrical and bi-convex in 
pro file w ith gent!y rounded crests. Rings towards distal 

end, more asymmetricaL Axial traces of early asymmetri
cal rings rather straight and opisthocline , towards the 
distal end with the internal parts more steeply inclined 
distally as the annual shelves become more prosocline. 
Proximal slopes  of rings distinctly convex and smooth, 
distal slopes slightly concave or straight and have coarse 
annulets superimposed. H inge lines very distinct, in early 

Fig. 28. Tentaculites hisingeri n.  sp. B, C,  D,  F .  Kattelviken 4 ,  MS 
778; E.  Bjarsjolagård 2 ,  Bj 7 1 -3 KL. D A. Holotype, SMNH Mo. 
4766, x 1 0 ;  "Hoburgen", Hisinger collection (SMNH) .  O B. 
Speeimen showing juvenile part and initial chamber, SMNH X 
1 444 , x 2 5 ;  O C. Early proximal part, SMNH X 1457 ,  x 60.  O D, 
F. Longitudinal sections of distal primary ring, x 300,

. 
and 

juvenile and adult parts, x 60,  SMNH X 1456 .  D E. Longnudl
nal section of endoconic septa and conch wall, SMNH X 1455 ,  
x 75 .  
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adult part coinciding with ring crests, bu t  towards the 
distal end becoming more distal and crests rounded. 
Height of proximal rings 0 . 04-0 .06 mm, height of distal 
rings 0 .20-0 .25  mm, height :  basal width l :  l .  

Primary interspaces and distal slopes of ri ngs with 
regularly spaced annulets. Number varying,  generally l 

or 2 in the earliest primary interspaces, 6-1 0  in those 
most distal. Spacing of annulets about 0 . 04 mm proxi
mally and 0 .08 mm distally. Annulets prosocline and 
straight, occasionally opisthocyrt, especially in the di�tal 
part of very large specimens .  Height of annulets varYIng 
from 0 . 1 2  to, distally, 0 .20 mm.  

Prima ry  interspaces concave proximally, bu t  become 
gradually flatter towards the distal end and slope inwards 
to long axis. Distal inclination occasionally 1 0- 1 2 °. 

Lirae present along the whole conch, occupying the 
tertiary interspaces, but never the proximal slopes of the 
rings. Lirae in the crestal furrow of each ring particularly 
significant. Density of lirae 5--6 per O . l  mm.  

Proximal septal region : septa free or ,  most commonly, 
endoconic ; asymmetrical and with variable lengths of 
mural parts d istally . Mural parts always shorter towards 
concave side of specimens with distinctly curved proximal 
parts and also steeper on this side than on the convex 
side. Last septurn formed at an outer conch diameter of 
0 .85-1 .00 mm, exceptionally at a diameter of up to 1 . 1 5  
mm. Mural parts of endocones conical and commonly at 
angles of 1 8-25 °  to long axis, distal endocones generally 
narrower than those proximally. Free parts narrow, 
especially in the most distal septal region where en
docones are most evident. Portion with true endocones 
extending occasionally 1 . 5-3 . 0  mm but some specimens 
possess a fully endoconic septal development from the 
earliest juvenile part. Proximal septa mostly with clearly 
concave and narrow free parts , frequently 0 .05-0 .07 mm 
wide. Free parts 0 .30-0 .40 mm apart. 

Living chamber distinctly conical , especially in its prox
imal part, internal wall surface strongly irregular be
cause of incompletely filled annular concavities .  Shape of 
concavities determined by the annular shelves of the 
rings : initial part of living chamber with prosocline and 
gently rounded shelves ,  progressively becomIng 
orthocline then opisthocline towards the d istal end. Lat
ter attitude conspicuous in  large specimens where in
nermost part of annular shelve extends 0 . 1 0-0 . 1 2  mm 
distal to the crest of the ring, causing very deep and 
narrow, opisthocline annular concavities occasionally . 

Proximal limbs of rings with distinct pseudopuncta , 
best developed in the outermost laminae. Tubercles 
forming pseudopuncta become leve lied out gradually 
and only penetrate half or s l ightly more of the Iimbs. 

Thickness of primary shell uniform, proximally 0 .02-
0 .03 mm thick, distally 0 . 04-0 .06 mm. In the most distal 
part of the living chamber, the secondary shell forms 
annular deposits over the annular shelves and the por
tions immediately proximal to them. Annular deposits 
increasing rapidly in thickness and attaining their max
imum on the internal part of  the annular shelves ,  result
ing in slight constriction of  the internal diameter of the 
body chamber at the leveIs of rings. 
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Remarks. - The material ofT. hisingeri studied shows some 
variation in morphological characters such as the leve! 
where adult annulation begins, the number of annulets 
per primary interspace and, particularly , in the develop
ment of septa. However, the features characterizing the 
species are the regular annulation,  the narrow and com
parative!y low rings and the straight, inward sloping 
interspaces .  These features distinguish T. hisingeri from 
the closely related T. scalaris which has rings that are 
higher, particularly in the early distal part, wider and 
separated by shorter primary interspaces. In the latter 
species, the number of annulets per interspace is also 
generally less. In the youngest beds of unit lb (Zone 3 of 
Eichstiidt) at Klinta, there are specimens resembling T. 
hisingeri which have somewhat higher proximal rings and 
narrower interspaces .  This material is not good enough 
to decide whether the specimens should be regarded as 
morphological varieties of T. hisingeri or if they constitute 
early representatives of the closely related T. scalaris 
which appears at the base of unit 3 of the Oved-Ramsåsa 
Beds. The general ring pattern and septal arrangement 
of T. hisingeri show similarities to T. obstipus. However, the 
latter species is characterized by oblique rings , a feature 
never seen in T. hisingeri, and by smaller size . The ring 
pattern of T. hisingeri is to some extent similar to that of 
T. ornatus Sowerby, but the latter is much slenderer, has a 
tendency to form bi-annulate rings and has a completely 
different septal arrangement. 

When Hisinger ( l 837b) figured and brie fly described 
the species ,  then as Tentaculites annulatus, he seems to 
have regarded it as new. No author's name follows the 
specific name in contrast to all other fossil names given in 
that paper. The description is very brief and only states 
some characters in very broad terms which, in faet, could 
be valid for any tentacultid species. The only reference 
by Hisinger to von Schlotheim's species T. annulatus was 
made in his note ( 1 840 :  1 1 3 )  of von Schlotheim's opinion 
on the zoological affinity of the tentaculitids .  The tax
onomic status of T. annulatus von Sch 10th eim has already 
been discussed in an earlier chapter (p. 5 ) .  

Occurrence. - T. hisingeri makes its first appearance in the 
middle to upper Eke Beds and disappears at the top of 
the Hamra Beds.  I t  is a rather characteristic species for 
the uppermost B urgsvik Sandstone and in the lowermost 
Hamra Beds. In Scania it occurs in the uppermost part of 
unit l a and in the entire unit lb of the Oved-Ramsåsa 
Beds .  

Tentaculites limatulus n .  sp. 
Fig.  29 .  

Derivation of name. - Latin limatulus, somewhat filed, 
smoothed, referring to the low relief of the proximal 
annulation.  

Holotype. - SMNH No. X 1 03 5 ,  Fig .  29A. 

Type stratum. - Hi:igklint Beds ,  unit b (sample G 73-66 
KL). 

Table 7. Tentaculites limatulus n .  sp .  (dimensions in mm).  

Spee.  No. OEEC 001D OPRO OD FR OOLS PA 

SMNH X 1 035  1 5 .80 1 .05 0 . 1 9  0 .60 5 .5°  
(holotype) 
SMNH X 1 036 1 3 .70 0 .22 0 .60 5 .0 °  
SMNH X 1 037  4 .20  0 .55 0 . 1 6  0 .55  4 .5 °  
SMNH X 1 04 1  4 .30  1 .05 0 .50 0 .73  0 .68  
SMNH X 1 043 1 2 .20 1 . 1 2 0 . 1 3  
SMNH X 1 044 14 . 30  1 . 25 0 . 1 8  5 .0°  
SMNH X 1 045 1 1 .60 1 . 1 0  0 .25  0 .62  4 .5 °  
SMNH X 1 047 5 . 1 0  0 .73  0 .40 0 .55  

Type locality. - Svarven l ,  Gotland. 

Material. - From the type locality 60 speClmens,  from 
additional localities 1 1  specimens.  

Diagnosis. - Medium-sized,  straight Tentaculites with a 
proximal growth angle of 5-6°. Proximal annulation with 
conspicuously low relief, occasionally sl ightly oblique at 
the transition to the distal pattern. Interspaces with 
numerous annulets. Pseudopuncta. 

Description. - Conch straight, slender, proximal part ex
panding at 5-6°, distal part subcylindrical .  Conch 
medium-sized ,  normally 14- 1 6  mm long. Initial chamber 
not certainly found .  Minimum ourer proximal diameter 
0.05 mm, maximum outer distal diameter ) .25 mm.  
Aperture perpendicular to  long axis .  

Surface of conch exhibiting two types of annulations :  
proximal annulation of very low , equally spaced,  gently 
rounded rings separated by indistinct shallow interspaces 
approximately as wide as the ri ngs. In longitudinal sec
tion,  the wall appears to undulate slightly. Annulation 
frequently somewhat oblique to long axis near the tran
sition to the adult part of the conch. Adult annulation 
begins at an outer conch diameter of 0 . 55-0 .60 mm with 
rings of one size gradually increasing in size and spacing 
towards the distal end. Distance between rings from 
0 .30-0 .35  mm proximally and 0 .65-0 .80  mm distally, 
dens it y of rings at distal end 2 per mm measured at an 
outer diameter of 1 . 0-1 .2  mm. Rings comparatively high, 
with a height :  basal width of 1 . 5-2 . 0 :  1 .  Rings may or may 
not be symmetrical ,  and have an orthocline to 
opisthocline attitude, axial traces either straight or pro
socyrt, pro file of rings varying from bi-convex to faintly 
convexo-concave . Crests gently rounded. 

Primary interspaces with annulets, proximally 2 or 3 
per interspace , distally 6-1 0 .  Annulets low, irregular in 
shape and of ten in spacing, sometimes extending into the 
lower third of the distal slopes of the rings. Primary 
interspaces flat or slightly concave , having a width 2-3 
times the width of the ri ngs, tertiary interspaces occupied 
by faint lirae . The material available unfortunate!y does 
not allow their detailed examination .  

Proximal septal region ;  septa, the  la s t  at an ourer 
conch diameter of 0 . 55-0 .68 mm, in most of specimens 
sectioned steeply inclined in the distal part of the septal 
region to form endoconic structures .  Endocones occa-



Fig. 29. Tentaculites limatulus n. sp.  A, B ,  E. Svarven l ,  G 73-66 
KL.  C, D.  Svarven l ,  MS 709. D A. Holotype, SMNH X 1 035 ,  
x 1 0 .  D B , E.  Longitudinal section of distal septal region, x 75 ,  
and detail of contact of septa and primary shell, x 300,  SMNH X 

sionally extending for 1 .6-2 . 0  mm,  asymmetrical with 
apicc3 of the cones variable in position in relation to long 
axis of conch.  Some specimens with endocones followed 
directly by a com mon free septum. Distances between 
free septa increase gradually, from 0 . 1 5  to 0 . 50  mm in 
specimens without endocones.  Free parts of septa con
cave , symmetrical and perpendicular to long axis, thick
ness 0 .02-0 .03 mm. Mural parts extending comparatively 
far distally and attached discordantly to the conch wall at 
angles of 1 0-1 5 °. Their distal parts increasing progres
sively in thickness by addition of new laminae, of ten 
resulting in internal constriction of the juvenile part, at 
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1 04 1 .  O C .  Speeimen showing juvenile part, SMNH X 1 03 7 ,  
x 1 2 .5 .  O D . Longitudinal section of adult part, SMNH X 1 042 ,  
x 75 .  

maximum ca. 1 . 5-2 .0 mm before the last  formed septum.  
Length of accretion zone generally 1 .6-2 . 0  mm.  

Living chamber long, subcylindrical wi th proximal end 
rounded or pointed , internal wal l  surface undulating 
moderately proximally , conspicuously irregular distally 
because of prominent, deep annular con ca vi ties .  The 
latter rather symmetrical and more or less reflecting the 
external shape of the ring. Asymmetrical concavities 
occur occasionally, with annular shelves somewhat distal 
to the rest of the rings. 

Primary shell frequently with weak pseudopuncta in 
proximal l imbs of rings. Thickness fairly uniform along 
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conch, only increasing gradually from 0 .02-0 .03 mm 
proximally to 0 .05-0 .06 mm distally. 

Remarks. - Some variation in the position of the first 
well-developed ring has been observed.  Normally the 
transition between the juvenile and adult stages occurs at 
a conch diameter of 0 . 55-0 .60 mm, but in some speei
mens the transition occurs around either 0 . 75  mm or 
0 .25-0 .30 mm. The variable development of the septa 
has been described previously. Probably the different 
positions of the last septurn reflect only various 
ontogenetic stages of the conchs. 

Tentaculites limatulus may be distinguished from all 
other speeies by the conspicuous juvenile ring pattern . 
The adult ring pattern may sometimes resemble that of 
Tentaculites liquis, especially when the latter shows some 
obliquity of the rings. However, T. limatulus differs from 
T. liquis in having denser rings, larger numbers of an
nulets in each interspace and in the development of the 
septa. 

Occurrence. - Tentaculites limatulus is restricted to the 
Hogklint Beds,  units b and c. A fragmentary speeimen 
resembling T. limatulus appears one metre below the 
U pper Visby-Hogklint boundary, but it cannot definitely 
be referred to this speeies. In the range-chart it is 
therefore designated as T. cf. limatulus. 

Tentaculites liquis n. sp .  
Fig. 30  

Derivation of name. - Latin liquis, sloping, oblique, refer
ring to the oblique annulation .  

Holotype. - SMNH No. X 1 048 , F ig .  30A.  

Type stratum. - Hogklint Beds ,  un i t  b (sample G 74-49 
KL) .  

Type loeality. - Horsan l ,  Gotland.  

Material. - From the type locality more than 50 speei
mens, from additional localities more than 250 speei
mens. 

Diagnosis. - Slender Tentaculites speeies of medium size, 
proximal part expanding at 3-4 .5 °, distally subcylindri
cal. Annulation prominent with rings of one size , oblique 
to long axis. Interspace concave with few annulets. Weak 
pseudopuncta. 

Description. - Conch straight, occasionally slightly curved 
in proximal part, slender with a proximal growth angle of 
3 .0-4.5 °  and disrally subcylindrical .  Conch medium-sized, 
average length of adult speeimens 1 3-14  mm. Initial 
chamber of conch conical and narrow with an outer distal 
diameter of 0 .03-0 .04 mm,  aperture in mature speei
mens perpendicular or slightly oblique to long axis, outer 
distal diameter normally 1 . 0-1 . 1 0  mm. 

External surface of conch covered by rings of one size, 

Table 8 .  Tentaculites liquis n .  sp .  (dimensions in mm).  

Spee.  No.  OEEC OOID OPRO OOLS TNRl PA 

SMNH X 1 048 10 . 38  1 .02 0 . 1 5  3 5  4 .5 °  
(holotype) 
SMNH X 1 049 10 . 57  0 .95 0 . 1 5  44 4 . 5 °  
SMNH X 1050  7 .88  0 .73  0.09 0 .3 1 40 4°  
SMNH X 1 05 1  8 . 50  0 .80  0 .08 0 .28 38 4° 
SMNH X 1 052 8 .95 0 .86 0 . 1 4  0 .3 1 34 3 °  
S M N H  X 1 053 1 2 .28  0 .99 0 . 1 4  44 5°  
SMNH X 1 056 5 .46 0.58 0 . 1 0  0 . 30  3 1  5 °  
SMNH X 1 057 5 . 35  0 . 53  0 . 1 4  0 .29 5 °  
SMNH X 1 586 6.89 0.65 0 . 1 6  0 .28  32 5 . 5 °  

oblique with an annular slope of 3-1 0° ,  occasionally up to 
1 7 °. Obliquity most pronounced in juvenile and early 
adult parts of conch . Holotype exhibiting abrupt change 
of oblique pattern , however, more common is a pattern 
of similarly slopiilg rings along the whole conch. Rings 
increasing gradually in size and spaeing towards distal 
end, density injuvenile part 7-'3 rings per mm proximally 
and 4-6 per mm distally (measured at outer conch 
diameters of 0 . 25  m and 0 .65  mm, respectively) .  Distance 
between rings close to the aperture in mature speeimens 
frequently almost twice that previously. Rings clearly 
asymmetrical ,  orthocline or prosocline in attitude with 
prosocyrt axial traces ,  pro file convexo-concave profile 
generally more com mon. Height: basal width approxi
mately l :  l in both juvenile and adult parts of the conch . 

Primary interspaces with regularly spaced and few 
annulets, generally 1 -3 ,  per interspace. Annulets low and 
triangular in cross-section ,  proximal part of conch of ten 
without annulets. Interspaces distinctly concave , particu
larly proximally. 

Lirae present in tertiary interspaees .  Unfortunately, 
the material available does not perrnit their closer exami
nation because of unfavourable preservation .  

Proximal septal region with . numerous ,  regularly 
spaced septa, the last occurring at a conch diameter of 
0 .28-0 .3 1 mm. Free parts perpendicular to long axis or, 
more commonly, inclined with the same slope as the 
annulation.  Free parts of septa thin, 0 .008-0 .0 1 0  mm 
most proximally, distally attaining thicknesses of 0 .0 1 5-
0 .025 mm. Free parts normally straight, occasionally 
slightly concave , mural parts symmetrical and long, with 
the last septurn commonly up to 1 . 7 5  mm long. Last four 
or five septa com mon ly exhibit an accretion zone for a 
distance of 1 . 75-2 .25  mm. Last septurn of ten with a 
narrow, rounded free part. 

Living chamber elongate and straight, with an asym
metrical ,  rounded proximal end and a subcylindrical 
distal part, internal wall surface slightly irregular proxi
mally, but more irregular distally because of poorly filled 
annular concavities .  Proximal concavities symmetrical, 
more or less reflecting the external shape of rings , d istal 
concavities asymmetrical with annular shelves distal to 
the crest of the rings. 

Proximal limbs of rings occasionally weakly developed 
pseudopuncta. Thickness of shell uniform, gently in
creasing from 0 .020-0 .025 mm proximally to 0 . 045-
0 .050 mm distally. 



Fig. 30 .  Tentaculites liquis n. sp. O A. Holotype, SMNH X 1 048 ,  
x 1 2 . 5 ;  Horsan l ,  G 74-49 KL. O B .  Longitudinal section of  
juvenile part, SMNH X 1 588 ,  x 75 ; Slathallar 2 ,  G 74-73 KL.  O 
C, D. Longitudinal sections of primary ring dose to aperture, 

Remarks. - The oblique ring pattern is variable , either 
with the annular slope maintained the same along the 
whole conch, or changing once or more. The juvenile 
part may vary slightly , being either straight or slightly 
curved.  Internally, some variation occurs in the inclina
tion of the free parts of the septa . 

Tentaculites liquis is generally easily distinguished from 
other speeies in the H ogklint Beds.  For comparison of T. 
liquis with T. limatulus see the description of the latter. The 
oblique annulation resembles that seen in the Ludlow 
speeies Tentaculites obstipus. However, the latter speeies 
differs in having more symmetrical and rounded rings, 
flatter distal interspaees, and strongly concave and short 
proximal interspaees. The third speeies with an oblique 
ring pattern, Tentaculites loxus, shows many features simi
lar to the other two speeies, but it differs from T. liquis in 
having higher and more distinet rings. 
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x 1 00 ,  and early distal conch wall, x 1 50 .  In  D ,  note the  young 
speeimen inside the conch. SMNH X 1 059 ;  "Hunstade", un
numbered SMNH sample. 

Occurrence. - Tentaculites liquis is characteristic of  the 
middle part of the Hogklint Beds. I t  has been observed 
only in unit b and in beds still undifferentiated but 
tentatively placed in the lower-middle part of the Hog
klint Beds (Lauterhornsvik l ,  Slathallar 2 and 3) . The 
speeies has not been recorded outside Gotland . 

Tentaculites loxus n .  sp .  
Fig. 3 1 .  

Derivation of name. - Greek loxos, oblique, referring to the 
oblique annulation.  

Holotype. - LO 4882 T, Fig .  3 1 A .  

Type strata. - Oved-Ramsåsa Beds ,  un i t  3 (sensu Gronwall 
1 897) .  
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Fig. 3 1 .  Tentaculites loxus n. sp. A, B - Ramsåsa 1 0 ,  unnumbered 
PDL sample. C ,  D, E, F .  Ramsåsa 1 0 ,  Ra H 66- 1 LJ : O A. 
Holotype, LO 4882T, x 1 0 .  O B. LO 4883t ,  x 20. O C, D,  F. 
Longitudinal sections of distal septal region, x 1 00 ,  primary ring 

Type locality. - Ramsåsa 1 0 , Scania. 

Material. - From the type locality 17 speClmens, from 
additional localities 2 speeimens .  

Diagnosis. - Medium-sized, slender, straight Tentaculites, 
proximal part expanding at 5-5 .5 °, distal part at 2_3 °. 
Annulation oblique, annular slopes 3 - 1 5 °. Primary tings 
well defined, high, with rounded crests .  Annulets in the 

dose to aperture, X 1 50 ,  and detail of septal attachment to 
primary shell , x 200, SMNH X 1 639 .  D E . Longitudinal section 
ofjuvenile rings, SMNH X 1 640,  x 300.  

Table 9. Tentaculites loxus n.  sp .  (dimensions in mm) . 

Spee. No. DEEC ODID OPRD ODLS PA 

LO 4882 T 8 .00 0 .88 0 .24 5 °  
(holotype) 
LO 4883 t 8 .92 1 .00 0.20 5° 
LO 4884 t 9 .04 0 .24 0 .28 5 .5°  
SMNH X 1 6 1 3  9 .76 0 .92 0 . 1 6  0 .44 5 °  
SMNH X 1 640 7 .40 0.88 0. 1 8  0.46 



comparatively wide interspaces numerous.  Proximal part 
with massive, slightly asymmetrical endoconic septa. 
Weakly developed pseudopuncta. 

Deseription. - Slender conch, proximal part expanding at 
5-5 . 5 °, distal part at 2-3 °. Conch straight and of medium 
slze, estimated full length 1 0- 1 1 mm. Initial chamber 
unknown. Minimum outer proximal diameter 0 . 1 6  mm, 
ourer distal diameter 1 . 0 mm, aperture oblique to long 
axis, obliquity gradually decreasing as conch grows. 

Conch ornamented with regularly spaced primary 
rings , increasing in size and s pacing towards the distal 
end. Rings 0 .40-0 .50  mm apart, distally separated by wide 
interspaces with numerous annulets. Annulation signifi
cantly oblique, generally ith steeper annular slopes prox
imally than distally, annular slope 1 3- 1 5° proximally, 
distally 3-6°. Annulation with low, symmetrical rings 
most proximally, increasing gradually distally in size and 
s pacing. Distal rings with wide bases, height :  basal width, 
l :  3 .  

Primary rings slightly asymmetrical with prosocline 
attitude, occasionally almost symmetrical, axial traces 
slightly opisthocline or orthocline appearing either 
straight or prosocyrt. Axial traces commonly vanishing 
towards the outermost part of rings where laminae 
become hemispherical. Pro file of  rings slightly bi-convex 
with gently rounded crests. Slopes com mon ly approach
ing a plane shape. No hinge line formed . Slopes of 
primary rings smooth. Highest rings are distal and rise 
ca. 0.2 mm above the interspaces,  height :  basal width l :  

1 . 1- 1 . 2 .  
Annulets in primary interspaces low and dense, in

creasing from 2 or 3 per interspace proximally to 7- 1 0  
distally. Because of poor preservation of the material 
their detailed morphology could not be examined ; 
neither could lirae be observed.  Interspaces concave , 
concavity decreasing slightly distally. 

Proximal septal region filled with massive body of 
endoconic septa, last cones occurring at an outer conch 
diameter of about 0 .45 mm in adult specimens.  En
docones strongly asymmetrical ,  commonly with one side 
almost missing, apices of cones close to conch wall. 
Longest side of cones tapering rather rapidly and does 
nol extend more than three rings. 

Living chamber distinctly conical with an asymmetrical 
proximal part, internal wall surface irregular because of 
incompletely filled annular concavities ,  the latter asym
metrical and becoming gradually deeper towards 
aperture . Annular shelves shallow and generally pro
socline . 

Primary and secondary shells well separated by a thick 
inner organic layer. Weak pseudopuncta. Thickness of 
primary shell ca. 0 .03-0 .05 mm in the septal region and 
ca .  0 .06 mm distally. 

Remarks. - Tentaculites loxus is characterized by oblique 
and relatively high rings and wide interspaces .  In speci
mens where the oblique annulation is weakly developed, 
the ring pattern resembles that seen in Tentaculites 
scalaris. However, it differs from the latter by having a 
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much slenderer conch and  more pointed rings. Besides, 
there is a marked difference in size. 

The material of Tentaeulites loxus available is not 
enough to perrnit study of the variation of morphological 
characters . However, it can be seen that the annular slope 
and the shape of the endoconic septa may vary. 

Oecurrenee. - Tentaeulites loxus is generally sparse and I S  
restricted to the red be ds of  the Oved Ramsåsa Beds, at 
the top of unit 3 and the lower part of unit 4 (sensu 
Gr6nwall 1 897 ) .  

Tentaculites obstipus n .  sp .  
Figs. l OE ,  3 2 .  

Derivation of name. - Latin obstipus, oblique, referring to 
the oblique annulation.  

Holotype. - SMNH No. X 1430,  Fig .  32A .  

Type strata. - Eke  Beds,  lower-middle part (unnumbered 
SMNH sample) .  

Type locality. - Sigdes l ,  Gotland. 

Material. - From the type locality 20  specimens ,  from 
additional localities in the Eke Beds 55 specimens and 
from the Burgsvik Beds 45  specimens .  From the Oved
Ramsåsa Beds in Scania five specimens.  

Diagnosis. - Medium-sized Tentaculites, proximal part ex
panding at an angle of 5 . 5-7 °. Annulation conspicuously 
oblique with rings of one size, separated proximally by 
concave interspaces ,  distally by flat. Proximal part inter
nally with septa, those proximally, free,  and those dis
tally, in densely packed,  asymmetrical endocones. 
Pseudopuncta in the proximal limbs of the distal rings. 

Deseription. - Conch slender, proximal part expanding at 
a growth angle of 5 . 5-7 °, d istal part at l -2 °  or more or 
less subcylindrical . Change in growth angle occurs gradu
ally but mainly just after the last septurn in mature 
specimens. Conch straight except for its most proximal 
part which may be slightly curved. Maximum deflection 
of proximal point measured from a sagittal plane 
through the living chamber is ca. 0 . 25  mm.  Conch 
medium-sized, estimated full  at 14- 1 5 mm. Initial 
chamber unknown. Minimum outer proximal diameter is 
0 . 1 0  mm. Outer distal diameter 1 .25-1 . 30  mm.  Aperture 
slightly oblique to long axis. 

Annulation composed of rings of one size alternating 
with annulets, clearly oblique to long axis, generally with 
an annular slope of 5-1 0 °  but occasionally up to 20°. 
Oblique ring pattern generally more conspicuous in 
proximal part decreasing distally . Rings increasing 
gradually in size and spacing towards distal end, density 
5-6 rings per mm in the region of last septurn, and 3 
rings per mm close to aperture in adult specimens.  

Proximal rings more or less symmetrical with gently 
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Fig. 32. Tentaculites obstipus n. sp. A. Sigd es I ,  unnumbered 
SMNH sample. B-D. Kullunde 3, Got 76-3 1 SB. D A. Holotype, 
SMNH X 1 4 3 0 ,  x 1 0 .  D B . SMNH X 1 4 3 3 , x 1 0 .  O C .  Longitudi-

rounded crests. Rings distinctly asymmetrical with 
opisthocline, straight axial traces in d istal portion of the 
juvenile part and in adult part. Profile bi-convex with 
somewhat flattened crests, hinge line generally somewhat 
proximal crest. Proximal slopes steeper and longer than 
those distal which pass rather gently into succeeding 
interspaces .  Height of distal rings 0 . 1 1 -0 . 1 3  mm and 
height: basal width about l :  2 .  

Tertiary interspaces with regularly spaced annulets, 
about l or 2 per interspace in proximal part and 4-6 per 
interspace distally, slopes of ri ngs without annulets. An
nulets low , slightly asymmetrical and with prosocline 
attitude. In the material available these rings have a 
triangular profile but it is likely that on ly the basal parts 
of these annulets remain, the fragile margins having been 
destroyed. Proximal interspaces concave , those distally 
with flatter centres .  

nal  section of distal conch wall, SMNH X 1 4 2 3 ,  x 7 5 .  D. 
Longitudinal section of septal region,  SMNH X 1 4 2 4 ,  x 7 5 .  

Table 1 0. Tentaculites obstipus n.  s p .  (dimensions in mm).  

Spee.  No. DEEC ODID OPRD ODLS PA 

SMNH X 1 4 3 0  1 2 . 8 3  1 . 2 7 0 . 1 4  6 0 

(holotype) 
SMNH X 1 4 2 4  3 . 92 0 . 5 5  0 . 1 1  0 . 5 1 6 0 

SMNH X 1 4 2 6  1 0 .65 1 . 1 1  0 . 1 0  0 .48 6 0 

SMNH X 1 4 2 7 1 3 . 3 4  0 . 2 0  6 . 5 0 

SMNH X 1 4 2 8  9 . 4 2  1 . 1 1  0 . 1 2  0 .40 5 . 5 0 

SMNH X 1 4 2 9  6 . 7 3 0 . 9 1 0 . 2 4  0 . 5 1 6 . 5 0 

SMNH X 1 4 3 1 1 0 . 1 8  0 . 2 8  7 0 

SMNH X 1 4 3 2  1 0 . 1 8  1 . 3 0  0 . 2 0  6 . 5 0 

Minute lirae present, at a d istal density of 1 0- 1 1 lirae 
per O . l mm. Unfortunately , the preservation of the 
material studied does not allow their satisfactory exami
nation .  Proximal septal region distally with septa forming 



densely packed endocones. Last septurn develops at an 
outer conch diameter of ca. 0.5 mm,  length of endocones 
2 .50-2 .80  mm. Most proximal septal region with free 
septa, occasionally resembling endocones, free septa 
spaced 0 .4-0 .5  mm apart. Septa in the distal endoconic 
structure are strongly asymmetrical, the shortest mural 
parts being almost paralleI to conch wall or sloping 5-1 0°  
to  long axis. The longer mural parts are much more 
steeply inclined , up to 30°  to long axis. Apices of en
docones gently rounded, free parts of proximal septa 
with straight proximal sides but concave diStal sides. 
Total number of these septa unknown. 

Living chamber conical in its proximal part with an 
asymmetrical and gently rounded apex,  more distally 
becoming less conical, almost subcylindrical .  Internal wall 
surface distinctly irregular because of incompletely filled 
annular concavities, roughly reflecting the external shape 
of the rings. Annular concavities more asymmetrical and 
filled by secondary shell material mainly on the annular 
shelves in more mature specimens .  Concavities never 
entirely filled , annular shelves narrow and prosocline. 

Primary shell with pseudopuncta in the proximal limbs 
of the rings. Primary shell in septal region separated 
from septa by a distinct, thick organic layer, particularly 
well developed on the side of the conch where the mural 
parts of the septa are shortest .  One of the sectioned 
specimens (SMNH No. X 1424) ,  shows how this organ ic 
layer has been added on to the prima ry shell on a very 
smooth inner surface in which the rings are entirely filled 
(Fig. 32D) .  The secretion of this organic layer has con
tinued during the formation of the septa. I t  can be seen 
to branch between the endocones at irregular intervals .  A 
thick organic layer also separates the primary and sec
ondary shells in the adult part of the conch (Fig. 32D) .  
Thickness of primary shell 0 .02-0 .03 mm in the  septal 
region,  0 .03-0 .04 mm distally. 

Remarks. - The oblique ring pattern together with the 
pronounced endoconic development of the septa are 
characteristic features of Tentaeulites obstipus. These fea
tures do not vary much. The variation observed is gene
rally in the slope of the annualtion .  

The species is distinguished from Tentaculites liquis by 
having wider ri ngs, shorter and more concave proximal 
interspaces and the endoconic development of  the septa. 
Tentaeulites obstipus shows many similarities to T. loxus in 
general arrangement of the annulation and, particularly , 
in the septal arrangement. However, it differs from the 
latter by having lower ri ngs and a different attitude of the 
rings. The interspaces of Tentaculites obstipus are some
what wider than in T. loxus. 

Oecurrence. - Tentaeulites obstipus is a common species in 
the Eke and B urgsvik Beds of Gotland. I t  ranges from 
low in the former beds to high in the latter. In Scania only 
a few specimens have been encountered, from the Oved
Ramsåsa Beds in the upper horizons of unit 1 b at 
B}irsjolagård and from equivalent beds at Klinta .  

6 - Larsson 
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Tentaculites scalaris von Schlotheim 1 820 
Figs . 8C ,  I OC-D, 1 2E ,  1 3A, 3 3 .  

Synonymy. - O Tentaeulites sealaris n .  s p .  - von Schlotheim 
( 1 820 : 377 ,  PI .  2 9 :  9b) . O Tentaeulites eurvatus n .  sp. - Boll 
( 1 856 :  324) .  O Tentaculites curvatus BolI-Krause ( 1 87 7 :  
28 ) .  O Tentaculites ornatus Sowerby-Krause ( 1 87 7 :  2 8 ) .  O 
Tentaculites ornatus Sowerby-Dewitz ( 1 883 : 80-86 ,  Figs. 
1-5 ) .  O Tentaculites annulatus Schlotheim-Moberg & 
Gronwall ( 1 909 :  46-48 , PI .  2 :  I ) . O ?Tentaeulites annulatus 
Schlotheim-Straw ( 1 933 : 1 25- 1 26 ,  PI .  1 0 :  l a-b, 2 ) .  O 
Tentaculites estonieus n .  sp .  - Ljashenko ( 1 958 : 2 5 ,  PI . 5 :  1 ) . 
O Tentaculites sealaris Schlotheim-Z agora ( 1 969 :  222-
225 ,  PI . l :  1 -2 , 2 :  2 ,  3 :  1-3 ) . O Tentaeulites sealaris 
Schlotheim-Neben & Kreuger ( 1 973 ,  PI .  1 07 :  3 5 ) .  

Diagnosis (emended) .  - Tentaculites with a medium-sized 
conch, distal part straight, proximal part curved.  Conch 
expanding in proximal part at 1 0-1 3 °, distal part sub
cylindrical. I nitial chamber conical. Annulation prom
inent with mostly perpendicular, occasionally oblique, 
rings . Rings gradually increasing in size and spacing 
towards aperture . Rings asymmetrical with ortho- or 
opisthocline attitude and convexo-concave profile. An
nulets in the interspaces comparatively few,  1-3 proxi
mally, 5-1 0 distally, asymmetrical and with prosocline 
attitude. Interspaces becoming inward sloping distally . 
Proximal part internally with well developed,  asymmetri
cal , endoconic septa. Living chamber conical proximally, 
subcylindrical distally. Inner wall surface strongly irregu
lar. Well developed pseudopuncta in the proximal and 
distal Iimbs of the rings, occasionally also in  the inter
spaces. 

Remarks. - The lectotype was figured and described by 
Zagora ( 1 969 :  222-225 ,  PI .  3 :  3) from among von Schlot
heim's ( 1 820 )  original material from an erratic boulder 
designated Beyrichia Limestone. Zagora used together 
with material from the Ohesaare Beds of Estonia material 
from erratic boulders for his redescription of the species. 
von Schlotheim ( 1 820)  gave no information on the con
comitant fauna. Zagora ( 1 96 9 :  224) lists some palaeocope 
ostracodes which indicate a position equivalent to the 
middle part of the Podlasian Beds in northern Poland. 
However, Zagora did not state whether this fauna came 
from the boulder of the lectotype or from additional 
material. 

New morphological details have emerged from the 
present study. Therefore ,  the diagnosis of the species is 
emended compared to Zagora's ( 1 969 :  223 ) .  The follow
ing description is based on 60 specimens from Scania, 
three from Hoburgs Bank and ten from the Ohesaare 
Beds of Estonia. 

The conch is conical, expanding in the proximal part at 
a growth angle of 1 0- 1 3 °, in the distal part at 2-4 °  or 
occasionally becoming subcylindrical .  The major part of 
the conch is straight but the proximal part commonly 
show some curvature, with the apex displaced from a 
sagittal plane through the living chamber at most by 
0.45-0 .50  mm. The total length of the conch in fully 
adult specimens is 1 5- 1 8  mm. The initial chamber is 
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Table 1 1 .  Tentaculites sealans von Schlotheim (dimensions in mm) . 

Spee. No. DEEC ODID OPRD OD FR ODLS PA 

SMNH X 1 645 1 0 .20 1 .32  0 .24 0 .44 1 1 °  
SMNH X 1 646 8 .20  1 .32  0 . 20  0.40 0.46 1 3 °  
S M N H  X 1 647 9 .72 1 .24 0.28 0.50 0 .60 1 1 ° 
SMNH X 1 650 7 .72 1 . 1 4 0 .20 0 .40 0 .46 10°  
SMNH X 1 65 1  1 1 .44 1 .64 0 .52 0 .80 
SMNH X 1 656 9 . 1 2  1 .44 0 .54 1 2 °  
LR 4 9 . 1 1  1 .39  0 .20 0 .47 1 2 °  

conical and the outer conch diameter b e  hind i t  i s  ca. 0 . 1 0  
mm. The aperture i s  perpendicular to the long axis and 
the maximum outer distal diameter in  the Scanian ma
terial is 1 .60- 1 .70  mm, in the Estonian material 2 .20-3 . 1 0  
mm. 

The conch is ornamented with prominent rings which 
vary from perpendicular to strongly oblique to the long 
axis. Most proximally the rings are very low and of equal 
size and spacing. The first primary ring is at an outer 
conch diameter of  0.40-0 .50 mm. The following primary 
rings increase gradually in size and spacing towards the 
distal end. The rings are spaced 0 . 1 5-0 .25  mm apart 
proximally and spacing increases gradually to 0 .90-1 .40 
mm distally. The primary interspaces have 1 -3 annulets 
proximally and 5-1 0 distally. 

The rings are asymmetrical with an ortho- or slightly 
opisthocline attitude. Commonly, the most proximal 
ri ngs are less asymmetrical .  The axial traces are slightly 
opisthocyrt or straight, but of ten disappears completely 
in the outermost part of the rings because of laminae 
become hemispherical . The pro file of the rings is con
vexo-concave or bi-convex with rather diffuse hinge lines 
and gently rounded crests. The shape of the rings may 
vary to some extent even within a specimen .  The proxi
mal slopes are smooth, while the distal slopes in the distal 
p';lrt of the conch have 3 or 4 annulets . The distal rings 
reach a height of 0 .20-0 .25  mm and their height: basal 
width is l :  1 . 5-2 .0 .  

The annulets are clearly asymmetrical with a pro
socline attitude. The proximal slopes pass gently into the 
tertiary interspaces ,  while the distal slope is short and 
steep,  commonly perpendicular to the adjacent inter
space. The primary interspaces are rather flat and slope in 
towards the long axis, particularly in the distal part of the 
conch. 

Well developed l irae occur along the entire conch. 
Their density is 7-1 0  l irae per O . l mm. 

The proximal septal region is divided by septa. Mainly 
they form densely packed endocones, particularly in the 

Fig. 33.  Tentaculites sealans von Schlotheim.  O A.  SMNH X 
1 645 ,  x 1 5 ;  Skartofta l ,  Sk 76- 1  KL. O B ,  G. Longitudinal 
sections of septal region, x 60,  and of early distal conch wall 
showing annulets and pseudopuncta, x 500, SMNH X 1 660 ; 
Ohesaare Pank, Estonia, unnumbered SMNH sample. O C, D ,  
E ,  F .  Longitudinal sections of adult conch wall, x 1 00 ,  ofjuvenile 
primary ring, x 250 ,  of primary ring forming the aperture, 
x 200, and detail of pseudopuncta in the proximal limb of the 
ring in E, x 2000, SMNH X 1 652 ; Ramsåsa 2, Ra 7 1 -3 KL. 
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distal septal region.  Most  proximally, free ,  strongly con
ical septa may also occur. The endocones are asymmetri
cal. The lengths of the sides are variable and the apices of 
the cones are excentric. The last septurn occurs at an 
outer conch diameter of 0 .4 5-0 .60 mm,  exceptionally up  
to  0 .80  mm.  

The living chamber i s  initially strongly conical but  
gradually becomes subcylindrical in the most  distal part. 
The conch wall be hind the mural part of the last septurn 
is strongly irregular, having well developed asymmetrical 
annular concavities and strongly opisthocline annular 
shelves .  The chamber between ri ngs largely reflects the 
inward sloping interspaces .  

Well developed pseudopuncta appear particularly in 
the proximal limbs of the rings but also in the distal limbs 
and in the interspaces .  The primary shell is separated 
well from the secondary shell by a thick inner organic 
layer. The thickness of the primary shell is 0 . 02-0 .03 mm 
proximally and 0 .04-0 .05  mm distally. 

Tentaeulites sealans von Schlotheim, particularly a 
small-sized individual , shows many similarities to Tentacu
lites hisingen n. sp .  However, the main features disting
uishing the former species are : ( l )  denser rings proxi
mally, more widely spaced rings distally, (2) occasionally 
the rings are oblique, (3 ) the rings are wider and higher, 
(4 ) the interspaces are more concave, (5) there are fewer 
annulets per interspace in the juvenile and early adult 
parts of the conch, (6) the proximal part is clearly curved , 
(7 )  the proximal growth angle is larger .  

Oeeurrenee. - The lectotype derives from an erratic boul
der of "Beynehia" Limestone found at Oberwiederstadt, 
DDR. The species has been reported from bore hoies in 
northern Poland in the upper part of the Podlasian Stage 
(Hajiasz 1 974 ) ,  and als o in Estonia in the Ohesaare Beds 
(Ljashenko 1 95 8 ;  this  paper) .  In  Scania it appears in unit  
3 of the Oved-Ramsåsa Beds a few metres above the 
yellow sandstone, unit 2, and extends up through to the 
very top of  unit 4. Tentaeulites sealans has been found in 
material from the offshore locality Hoburgs B ank in a 
sample labelled HBB : IV ,  together with Nodibeynehia 
tubereulata (cf. Martinsson 1 965b,  1 967 ) .  

Genus Tractabilopsis n .  gen. 

Denvation of name. - Referring to the external similarity to 
Traetabilis Ljashenko, 1 969 .  

Type speeies. - Traetabilopsis serratus n .  sp .  

Speeies. - Only the type species. 

Diagnosis. - Medium-sized genus of Tentaculitidae with a 
proximal growth angle of 4 . 5-7 ° and a distal growth 
angle of 3-4°. Conch straight except for the proximal 
part which may show a slight curvature. Initial chamber 
unknown. Annulation proximally of regular, widely 
spaced rings, occasionally in cyclic arrangement with 
gradually increasing size and spacing of the ri ngs. Rings 
separated by flat or slightly concave , long interspaces .  
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Distal part annulate with regularly spaced,  strongly asym
metrical ri ngs having steep proximal limbs and distal 
limbs passing gradually into interspaces strongly sloping 
inwards. Annulets abundant. Lirae distinct and widely 
separated. Proximal part divided internally by free septa. 
Living chamber long and conical with wall surface 
strongly irregular because of distinct, asymmetrical, deep 
and narrow annular concavities and strongly opisthoeline 
annular shelves. Pseudopuncta unknown. 

Stratigraphical and geographical distribution. - The only 
known species, Tractabilopsis serratus n .  sp. ,  is restricted 
both stratigraphically and geographically. I t  occurs in the 
Slite Marl immediately below the Ryssnas Limestone on 
Fåra Island, northernmost Gotland . 

Remarks. - Tractabilopsis n .  gen .  is characterized by the 
conspicuously inwards sloping attitude of the interspaces 
which becomes accentuated towards the distal end. The 
proximal annulation, of widely spaced rings which occa
sionally gradually become rhythmically arranged , is 
significant, as are the widely spaced lirae. Internally the 
deep and narrow, strongly asymmetrical annular con
cavities are characteristic. Tractabilopsis exhibits many 
similarities to the Devonian genus Tractabilis Ljashenko in 
the attitude of the distal interspace and the development 
of the annular concavities .  However, Tractabilopsis differs 
externally by the rhythmical arrangement of some of the 
juvenile rings and the larger number of annulets in  the 
interspaces which are reported to be almost smooth in 
Tractabilis. Internally no pseudopuncta have been 
observed in Tractabilopsis while these seem, according to 
the diagnosis ,  to be prominent in Tractabilis. Another 
difference , perhaps less important at generic level ,  i s  in 
the size of the two genera. Tractabilis is characterized in 
the diagnosis as large, up to 3 5  mm, while Tractabilopsis 
seldom exceeds I l  mm.  The shape of the conch is 
somewhat different;  Tractabilopsis has a larger proximal 
angle and a more conical shape of the living chamber. 

Tractabilopsis serratus n. sp.  
Figs. 1 9E , 34 . 

Derivation of name. - Latin serratus, toothed like a saw, 
referring to the profile of the conch . 

Holotype. - SMNH No. X 1 1 1 2 ,  Fig. 34A.  

Type stratum. - Slite Beds,  Slite Marl, top (sample G 73-9 
KL).  

Type loeality. - Sudersandsviken l ,  Gotland. 

Material. :- From the type locality 3 0  specimens , from 
ad.d.itional localities 40 specimens.  

Diagnosis. - As for the genus. 

Description. - Conical, narrow conch expanding proxi
mally at 4 . 5-7 °, distally at 3-4°. Conch straight but 

Table 12. Tractabilopsis serratus n.  sp. (dimensions in mm) 

Spee. No. DEEC ODID OPRD ODLS TNRI PA 

SMNH X 1 1 1 2 1 0 .60 1 .23  0 .20 22 6° 
(holotype) 
SMNH X 1 1 1 3 7 . 25  0 .9 1 0 . 1 6  1 6  5 . 5 °  
SMNH X 1 1 1 5 1 0 .69 1 . 1 1  0 .24 0.48 25  7 °  
S M N H  X 1 1 1 6 8 .44 0 .95 0 .25 0 .45 1 8  7 °  
SMNH X 1 1 1 7 6 .93 0 .9 1 0 . 1 8  0 .40 1 2  5 °  
SMNH X 1 1 20 7 . 1 3  0 .79 0 . 1 8  0 .38  13  5 . 5 °  
SMNH X 1 1 2 1  8 .95 1 .07 0 . 1 6  0.44 1 8  4 . 5 °  
SMNH X 1 1 22 9.62 0 .99 0 .24 0 .48 1 9  6 °  
S M N H  X 1 1 23 8 .32  0 .9 1 0 . 1 4  0.44 1 6  5 °  

occasionally with slightly curved extreme proximal part. 
Conch of medium size, 1 0-1 1 mm. No initial chamber 
observed .  Minimum outer proximal diameters 0 . 1 2  mm.  
Outer distal diameter of mature conchs 1 .0-1 . 25  mm.  
Aperture perpendicular to  long axis .  

Surface of conch ornamented with transverse ann ula
tion perpendicular to long axis . Two modes of proximal 
annulation :  in the early juvenile part regularly spaced, 
equally s ized rings,  in the later part weak cyelic pattern of 
rings. Each cyele com prises 2 or 3 rings which gradually 
increase distally in size . Last ring of each cyele of same 
order magnitude as rings in adult part. Rings in the distal 
portion of each cyele occasionally elosely assembled , but 
some specimens with just widely spaced rings separated 
by a few annulets. Ring density in  juvenile part 2-3 per 
mm.  Juvenile rings project distinctly from the surface of 
the conch,  shape symmetrical or slightly asymmetrical 
with convex proximal limbs. Distal limbs shorter and 
passing fairly rapidly into the succeeding interspace. 

Rings of the adult part of one size, regularly spaced at 
distances of 0 .50-0 .60 mm. Ring density 2 per mm along 
most of the adult part. 

Adult rings strongly asymmetrical with the proximal 
limb almost perpendicular to the surface of the preced
ing interspace . Distal limb passing more gradually into 
the succeeding interspace or may be at a fairly high angle 
to it , especially earl y in  the adult part. Proximal limbs 
considerably longer than the distal l imbs. Axial trace of 
rings prosocyrt. Profile of rings convexo-concave with 
rounded, sometimes slightly flattened, crests. Most distal 
rings in mature specimens have a height from the limb of 
ca .  0 . 1 5-0 .20  mm on the proximal side 0 . 1 0  mm on the 
distal. 

Annulets in each interspace regularly spaced,  in the 
juvenile part 5-7 per interspace, in the distal part 5-9 . 
Annulets in the juvenile part, occasionally occurring 
fairly high on the distal slopes of the rings , but never 
distally. Annulets generally with a prosocyrt pro file and 
sharp crests. Primary interspaces flat or slightly convex, 
sloping strongly inwards at 7-1 2 °, towards long axis, the 
angle increasing towards the aperture, causing a serrate 
appearance when viewed in profile. 

Very distinct lirae along the entire conch, regularly 
spaced with a dens it  y on the juvenile part of 5-6 per O . l  

mm. Lirae crossing the annulets, occasionally also the 
crests of the juvenile rings, but never the crests of the 
distal rings. 



Fig. 34 .  Tractabilopsis serratus n. sp. A, B ,  C. Sudersandsviken l ,  G 
73 - 1  KL. D A. Holotype, SMNH X 1 1 1 2 ,  x 1 5 .  D B . Longitudi
nal section of distal conch wall, SMNH X 1 1 24 ,  x 1 00 .  O C. 
Speeimen showing serrate pro file of rings, SMNH X 1 1 1 3 ,  
x 1 2 . 5 .  O D.  Lateral view of juvenile primary rings and annulets, 

Proximal septal region ;  septa free ,  the most distal 
septum forming at an outer conch diameter of 0 .40-0 .50  
mm;  total unknown but  minimum six. Free parts of early 
septa perpendicular to long axis, distally formed septa 
commonly slightly oblique . Last four or five septa distally 
more concave, also considerably thicker than the early 
septa with thicknesses of 0 .05 to 0 .06 mm. Mural and free 
parts of these septa maintain the same thickness resulting 
in  constriction of the interior in  this part of the conch . 
Accretion zone with a length of 0 .85- 1 .0  mm. Camerae 
occasionally almost completely filled . Mural parts of the 

Silurian tentaculitids from Gotland and Scania 85  

SMNH X 1 1 2 5 ,  x 7 5 ;  Alnas
'
avik I ,  G 73 - 1 0  KL .  D E. Longitudi

nal section of d istal prima ry ring, SMNH X 1 686 ,  x 1 50 ;  sample 
as for A-C. O F. Longitudinal section of septal region, SMNH X 
1 1 22 ,  x 7 5 ;  Haganas I ,  MS 489.  

later septa may extend 1 . 0-1 .2  mm,  approximately up  to 
where the adult type of rings occur. 

Living chamber long and distinctly conical, expanding 
at an angle of 3-4°. Proximal end rounded or blunt 
occasionally asymmetrical depending on development of 
the last septum.  Internal wall surface of the living 
chamber strongly irregular, reflecting closely the inwards 
slope of the interspaces externally. Annular concavities of 
conch wall not exactly in phase with rings but displaced 
because of extensive accumulation of lamellae on the 
annular shelves .  Proximal limbs thickened immensely 
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restricting diameter of living chamber opposite the crests 
of the rings. 

Pseudopuncta not observed.  Thickness of primary 
shell 0 .02-0 .03 mm proximally to increasing gradually 
0 .05-0 .07 mm distally. 

Remarks. - The various characters of Tractabilopsis serratus 
are remarkably constant. In the juvenile part some varia
tion may be seen in the development of the ring pattern. 
Either one or two smaller rings or only a few annulets 
may lie between the widely spaced larger rings. 
Tractabilopsis serratus is easy to recognize, even in small 
fragments, because of the characteristic inwards sloping 
attitude of the interspaces distally and the proximal ring 
pattern. 
. The distal ring pattern may show some similarity to 
that of Tentaculites gothemensis which occasionally exhibits 
inwards sloping interspaces .  The juvenile ring patterns 
are completely different, however. 

Occurrence. - Tractabilopsis serratus I S  restricted both 
geographically and stratigraphically. I t  has so far been 
found at only three localities on Fåra I sland, in the Slite 
Marl immediately below the Ryssnas Limestone. 

Family V olynitidae 
Ljashenko 1 969 
Type genus. - V olynites L jashenko 1 957  

Genera. - Alekseites Ljashenko 1 969 ;  Arctites Ljashenko 
1 969 ;  Bicingulites Ljashenko 1 969 ;  Lonchidium d'Eichwald 
1 860 ; Odessites Ljashenko 1 969 ;  Parvulites Ljashenko 
1 969 ;  Podolites Ljashenko 1 969 ;  Sokolites Ljashenko 1 969 ;  
Turmalites Ljashenko 1 969 ;  Volynites Ljashenko 1 95 7 .  

Stratigraphical and geographical distribution. - The members 
of the fami1y occur in beds from middle Silurian to lower 
Devonian age in Europe, Siberia, North Africa, North 
America. 

Remarks. - The diagnosis of  the family (Ljashenko 1 969a :  
94 ) is very general and the diagnostic characters could 
also apply to any other family. Only five genera of the 
family occur in Sweden and type material has not been 
examined so it does not merit giving an emended 
diagnosis for the family. 

Ljashenko ( l 969a: 94 ) ,  in her comparison against other 
families ,  pointed out some characters which distinguish 
this family. I t  differs from Tentaculitidae Walcott in 
having secondary rings between the primary rings . I t  is 
distinguished from Rossiitidae Ljashenko by having an
nulets between the rings, and by the irre gular inner wall 
surface of the living chamber as opposed to an entirely 
smooth one in adult s pecimens of Rossiitidae . 

From the present study it is evident that the develop
ment of the initial chamber in Volynitidae differs from 
other families .  The initial chamber has distinct bilateral 

symmetry and is distinguished clearly from the juvenile 
part by a faint constriction .  

Lonchidium d'Eichwald is referred to this  family because 
the proximal ring of  each ring pair is a typical secondary 
ring. Besides, the distinct rhythmicity of the rings is a 
very significant character in Volynitidae. Jf Bicingulites 
Ljashenko were regarded an independent genus and not 
a junior synonym of Lonchidium d'Eichwald, it should 
probably be referred to this family. 

As mentioned previously Turmalites Ljashenko is refer
red to this family instead of to Tentaculitidae Walcott 
because it has well developed secondary rings. The same 
feature is seen in Parvulites Ljashenko and Sokolites Ljas
henko which, accordingly, are moved to Volynitidae 
Ljashenko. 

Genus Lonchidium d'Eichwald 1 860 
Type speeies (selected herein) .  - Lonchidium inaequale, fig
ured in d'Eichwald ( 1 860 ,  Pl .  4 0 :  20a-b) ; from the 
Ohesaare Beds of Estonia. 

Speeies on Gotland and in Scania. - Lonchidium extensum n. 
sp . , L. groenwalli n .  sp . , L. groetlingboense n .  sp . , L. incilense 
n. sp . , L. mobergi n. sp . ,  L. ogmotum n. sp . , L. scanicum n .  
s p . ,  L .  umidestre n .  sp .  

Diagnosis (new) .  - Small- to medium-sized genus of Voly
nitidae with a straight conch or slightly curved proxi
mally. Annulation with rings and annulets perpendicular 
or slightly oblique to long axis. Rings rhythmically ar
ranged,  mostly in groups of two or three, occasionally 
four, rings . Proximal part occasionally exhibits rings 
without cyclic arrangement, gradually increasing in size 
and spacing in a distal direction .  Lirae . Proximal part 
divided internally by free ,  occasionally endoconic septa. 
Living chamber conical with siightly irregular inner wall 
surface . Pseudopuncta. 

Stratigraphical and geographical distribution. - The type 
species, Lonchidium inaequale d'Eichwald occurs in the 
Ohesaare Beds of Estonia. I t  has been encountered from 
the upper Lower and Upper Podlasian in northern 
Poland .  On Gotland and in Scania, the genus i s  re
presented in Ludlovian and Downtonian B eds .  

Remarks. - The history of this  genus has already been 
described in the historical account.  Many tentaculitids 
were ascribed to Lonchidium inaequale d'Eichwald (then as 
Tentaculites inaequalis) but most identifications should be 
seriously questioned. Ljashenko ( 1 969a :  92-93 ) created a 
new genus Bicingulites for a tentaculitid with a bi-annulate 
ring pattern which closely resembles Lonchidium d'Eich
wald. Most like ly Bicingulites Ljashenko is a junior 
synonym but to assess this definitely the type material 
must be checked. 

B i-annulate ring patterns occur in other tentaculitid 
genera, e . g. in Turmalites Ljashenko and occasionally in 
Podolites Ljashenko. The double rings are never de
veloped as distinctly as in Lonchidium, where each ring 



pair com prises one secondary ring followed by a prima ry 
ring. Turmalites shows pairs of primary rings. Severai 
species of Lonehidium have very characteristic primary 
rings which have long bases and flattened crests .  

Lonchidium extensum o .  sp. 
Figs . 1 8E ,  3 5 .  

Derivation of name. - Latin extensus, stretched out, refer
ring to the extended interspaces between the primary 
rings. 

Holotype. - SMNH No. X 1 550 ,  Fig. 35A .  

Type strata. - H amra Beds ,  un i t  b (sample G 72-67 KL). 

Type loeality. - Bankvat l ,  Gotland. 

Material. - From the type locality more than 1 50 speci
mens, from additional localities about 40 specimens.  

Diagnosis. - Slender Lonehidium, proximal part expanding 
at 6 . 5-8 °, distally subcylindrical. Conch medium-sized. 
Annulation perpendicular to long axis, with groups of 
3-7 ri ngs proximally, 2 or 3 rings distally . Primary 
interspaces extended. Secondary interspaces concave, 
with or without annulets. Primary rings bi-convex, 
smooth proximal slopes, distal slopes with 2 or 3 an
nulets . B ases of rings wide. Crestal furrow distinct. Sec
ondary rings with sharp crests and gentle proximal 
slopes. Juvenile part with free ,  regularly spaced septa 
with concave free parts. Accretion zone developed. Inter
nal conch wall almost smooth. Diffuse pseudopuncta. 

Deseription. - Conch slender, proximal part expanding at 
6 .5-8 °, distally subcylindrical. Conch straight, but the 
very proximal end occasionally showing a slight curva
ture. Estimated length of conch in fully adult specimens 
1 0-1 1 mm. Initial chamber unknown. Minimum outer 
proximal diameter 0 . 1 0  mm, outer distal diameter in 
adult specimens 0 .80-0 .85  mm.  Aperture perpendicular 
to long axis. 

Conch ornamented with rings and annulets 
perpendicular to long axis. Juvenile part up to the first 
primary ring having low rings gradually increasing dis-
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tally in size and spacmg. I mmediately before the  first 
primary ring, these rings commonly alternate with an
nulets placed centrally in each interspace . Density of 
rings ca. 10 per mm.  Remainder of conch showing widely 
spaced primary rings occurring at graduaUy larger inter
vals, spacing of first two primary rings varying between 
1 .0 and 1 .6 mm,  while spacing in distal counch is ca. 1 .4 
and 1 .6 mm. Occasionally spacing of almost 2 . 5  mm has 
been seen .  First primary ring appears at an outer conch 
diameter of ca. 0 .3 5-0.45 mm. In  the primary interspaces 
3-7 secondary rings occur proximally while two, occa
sionally three, rings occur distally. These rings increase 
gradually in  size and spacing  in  the early primary inter
spaces. Secondary interspaces concave, smooth or with 
one ann ulet. Occasionally the size of the secondary rings 
approaches that of the ann ulet, and sectioning is re
quired to differentiate between the two types of rings. 

Primary ri ngs sl ightly asymmetrical showing slightly 
opisthocline, straight axial traces, shape bi-convex with 
rounded crests and poorly defined hinge lines.  Proximal 
slopes smooth , distal slopes having 2 or 3 annulets. Crestal 
furrow very distinct. Height: basal width of these rings 
distally about 1 :  2-3 . 

Secondary rings have a similar attitude and shape to 
the primary rings , but longer proximal slopes. Generally 
the hinge line is  better defined and forms the crestal line 
of the rings . 

Annulets of ten occurring on ly sporadically between 
secondary rings but are always present on the distal 
slopes of the primary rings and the wide secondary 
interspaces next to them. Annulets low, margins pro
socline. 

Conch covered by lirae which occur in the tertiary and 
secondary interspaces and on the distal slopes of the 
ri ngs, crossing early secondary rings and all annulets. 
Density of lirae varying between 7 and 10 per O . l mm. 

Primary interspaces flat ,  secondary and tertiary inter
spaces distinctly concave. 

Proximal septal region :  septa free, regularly spaced, ca. 
0 .23-0 .28 mm apart, last septurn occurring at an outer 
conch diameter of ca. 0 .40 .  Accretion zone forrned in the 
distal part of the septal region.  Septa rather symmetrical 
and their free parts are strongly concave. Thickness of 
septa varies considerably within an individual. 

Living chamber symmetrical, conical in its proximal 
part but subcylindrical more distally. Internal wall 
surface rather smooth only having some shallow annular 

Table 13. Lonchidium exlensum n.  sp.  (dimensions in mm) .  

Spee .  No.  DEEC ODm OPRD ODFR ODLS WFCY WLCY PA 

SMNH X 1 550 5 .35 0 .63 0 . 1 6  0.40 1 . 1 2  1 . 58 6 .5 °  
(holotype) 
SMNH X 1 55 1  4 .63 0 .59 0 .23 0 .44 1 . 1 2  1 .03 7° 
SMNH X 1 556 3 .09 0.49 0 .20 0 .32 0 .40 1 . 1 1 7 °  
SMNH X 1 557 3 .86 0 .63 0 .27 0 .36 0 .30 1 .33  7 °  
SMNH X 1 6 1 1 4 . 7 1 0 .67 0 .32 0 .43 1 .28 1 .46 6 .5 °  
SGU Te 44 9.60 0 .80 0 . 1 0  0 .48 1 .06 2 .46 8° 
SGU Te 46 7 .80 0 .83 0 . 1 2  0 .5 1 1 .62 1 .54 
SGU Te 48 8 .3 1 0 .83 0 . 1 6  0.43 1 .3 1  1 . 39  
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concavities at the rings. Primary rings have very narrow 
annular shelves and the annular concavities are distal to 
the crests of the rings . 

Conch wall showing very faint pseudopuncta in the 
proximal Iimbs of the primary rings. Wall thickness 
0 .02-0 .03 mm proximally and slightly more, 0 . 04-0 .05 
mm, distally. 

Remarks. - Lonchidium extensum is recognized by the rather 
long primary interspaces, the early occurrence of  the first 
primary ring and the furrowed distal slopes of the distal 
primary rings .  Another characteristic is many secondary 
rings in the early primary interspaces. L. extensum is 
similar to and occurs with L. groetlingboense but in the 
latter species the first primary ring appears later and the 
primary rings have a different shape and very long 
proximal slopes. The spacing of the primary rings is less 
in L. groetlingboense. The furrowed distal slopes of the 
primary rings of some specimens of L. extensum are very 
similar to those in Lonchidium ogmotum. However, the latter 
species has much shorter primary interspaces .  

The ring pattern of Lonchidium extensum is not consistent 
because the proximal secondary rings tend to vary in size . 
Their size may approach that of the annulets. The distal 
secondary ring of each cyde is always well developed and 
the bi-annulate ring pattern is dear. 

Occurrence. - Lonchidium extensum is common in the fauna 
at Bankvat 1 ,  Hamra Beds, unit b. I t  has not been 
recorded outside Gotland. 

Lonchidium groenwalli n .  sp. 
Fig. 36 .  

Derivation of name. - Latin groenwalli, in honour of Dr. 
Karl A .  Gronwall ( 1 869- 1 944) ,  who carried out the 
fundamental work on the Oved-Ramsåsa Beds in Scan ia. 

Holotype. - SMNH No. X 1 63 2 ,  Fig. 36A.  

Type stmta. - Oved-Ramsåsa Beds,  uni t  3 (sensu Gronwall 
1 897) .  Sample Ra 7 1-3 KL. 

Type locality. - Ramsåsa 2, Scania. 

Material. - From the type locality 3 specimens, from 
additional localities 20 specimens.  

Diagnosis. - Narrow, slender Lonchidium, proximal part 
expanding at 7...g . 5 °, distally subcylindrical . Proximal 
part with low, symmetrical rings increasing gradually in 
size and spacing, distal part with symmetrical or slightly 

Fig. 35. Lonchidium extensum n.  sp. A. Bankvat l ,  G 72-67 KL. B .  
Bankvat l ,  unnumbered S G V  sample. C ,  D,  E .  Bankvat l ,  M S  
8 7 7 .  D A. Holotype, S M N H  X 1 550 ,  x 25 .  D B . Speeimen with 
atypical ring pa tte rn , SGV type collection,  x 1 0 .  O C.  Lateral 
view of primary rings and primary interspace, SMNH X 1 558 ,  
x 75 .  O D .  Lateral view of first primary r ing and proximal 
secondary ri ngs, SMNH X 1 553 ,  x 75. D E. Longitudinal section 
of septal region, SMNH X 1 556,  x 75 .  
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asymmetrical rings in  distinct cydes,  proximally of 4 or 5 
rings , distally 2 .  Primary rings bi-convex, slopes much 
extended, bases wide. Conch wall slightly irregular, 
annular concavItles shallow. Poorly developed 
pseudopuncta . 

Description. - Conch straight and slender, proximal part 
expanding at 7...g . 5 °, distally subcylindrical. Estimated 
total length of fully adult specimens 1 1 - 1 2  mm.  No initial 
chamber found.  Minimum outer proximal diameter 0 . 1 6  
mm, ourer distal diameter in  adult specimens 0 . 95-1 .00 
mm. Aperture perpendicular to long axis  of  conch.  

Conch ornamented with rings and annulets 
perpendicular to long axis ,  arranged rhythmically except 
in the most proximal part of conch where rings are 
regular, on ly increasing gradually in  size and spacing 
towards the first primary rings. Density of juvenile rings 
1 0-1 2 per mm immediately proximal of this ring. Rings 
symmetrical and low, separated by concave, smooth in
terspaces .  Major part of conch having rhythmical rings. 
First primary ring at an outer conch diameter of 0 .44-
0 .56 mm. Spacing of the first two primary rings varying 
between 1 . 1 5  and 1 .65  mm,  while more distal primary 
rings are spaced 1 . 00-1 .40 mm apart. First two , occasion
ally three, cydes having 3 or 4 secondary rings, the rest of 
the cydes only one ring which, together with the adjacent 
primary ring, forms a distinct bi-annulate ring pattern 
distally . These two rings are dose together and the 
interspace in the proximal part of each cyde is generally 
long. 

Primary rings externally symmetrical or slightly asym
metrical with an opisthodine attitude. Ourermost 
laminae hemispherical, but their curvature increases in
wards where a strongly opisthodine and somewhat pro
socyrt axial trace may be observed .  Profile of rings 
bi-convex, crests gently rounded or somewhat flattened , 
no hinge line. Distal slopes mostly ornamented with one 
or two annulets :  most proximal annulets on these slopes 
occurring rather dose to crest and a faint  crestal furrow is 
common. Proximal slopes smooth, much extended, ring 
bases wide, height: basal width up to 1 :  5. Height of the 
most distal primary rings 0 . 14-0 . 1 6  mm.  

Secondary rings having a similar attitude and shape to 
primary rings, bur are less massive and both Iimbs are 
about the same thickness .  Rings generally very low. 
Commonly, 3-8 annulets occur in  the secondary inter
spaces, a few on the distal slopes of the primary rings. 
Annulets asymmetrical with a prosodine attitude, wide 
bases and rather rounded crests. 

Whole conch covered by lirae, occurring  in interspaces, 
crossing crests of annulets and occurring on distal slopes 
of rings. However, crests of  the se rings generally smootl1'. 
Density of lirae 1 0-1 2 per O . l mm.  

Secondary and tertiary interspaces slightly concave, 
primary interspaces always flat. 

Proximal septal region :  septa free, spaced rather reg
ularly, mostly 0 . 25-0 .30  mm apart. The 7-9 most distal 
septa generally form an accretion zone of 2 . 0-2 .3 mm.  
These septa have asymmetrical mural parts, commonly 
thickened towards one side of the conch. Free parts 
frequently oblique to long axis. The most proximal septa 
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Table 1 4 .  Lonchidium groenwalli n .  sp. (dimensions i n  mm) .  

Spee. No.  DEEC 

SMNH X 1 632  9 .76 
(holotype) 
SMNH X 1625  7 . 1 6  
SMNH X 1 626 6.28 
SMNH X 1 628 8 .40 
SMNH X 1 629 8 .40 
SMNH X 1 633  9 .72  

are more symmetrical and the free and mural parts have 
the same thickness .  Free parts of septa slightly concave . 
Last septurn occurring at an outer conch diameter of 
0 .44-0 .50  mm in adult specimens, exceptionally up to 
0.65 mm. This septurn is always conical ,  but with a well 
defined free part. 

Living chamber conical proximally but gradually be
coming subcylindrical distally. Wall surface of chamber 
rather smooth having some irregularities only at the 
levels of the rings. Annular concavities shallow and 
asymmetrical, occurring far proximal to crests of rings. 
Annular shelves narrow with an orthodine attitude, their 
shape frequently being modified by accretion of sec
ondary shell material just proximal of shelves and on 
their innermost part. Secondary rings having very weak 
annular concavities parallelling the exterior shape of the 
rings . 

Conch wall showing well defined primary and sec
ondary shells. Outermost third of the very massive proxi
mal limbs of the primary rings showing poorly developed 
pseudopuncta. Thickness of primary shell 0 .02 mm prox
imally and 0 .03-0 .05 mm distally. 

Remarks. - Lonchidium groenwalli is characterized particu
larly by the proximal ring pattern of low ri ngs of equal 
size and spacing. The distal bi-annulate pattern, the low 
prima ry rings and their long bases are all significant 
features, used to distinguish this species from L. mobergi 
and Odessites lebiensis (Zagora) .  The latter species com
monly has few secondary rings in  the early primary 
interspaces. These rings increase gradually in size and 
spacing and the ring pattern becomes similar to that of 
Lonchidium groenwalli. 

The intraspecific variation in L. groenwalli is shown in 
the position of the first primary ring,  the number of ring 
cydes with more than one secondary ring and the size of 
the rings. There may occasionally be some variation in 
shape and s ize of the primary rings ,  commonly even 
within a specimen. Internal!y, the length of the accretion 
zone and the arrangement of the free parts of the septa 
may show some variation. 

Fig. 36.  Lonchidium groenwalli n.  sp.  D A. Holotype, SMNH X 
1 632 ,  x 1 5 ;  Ramsåsa 2 ,  Ra 7 1 -3 KL.  D B , C. Lateral view of distal 
prima ry interspace and primary rings, x 75 ,  and detail of 
primary ring, x 140 ,  SGV type collection ;  Bjarsjolagårdborr

. ningen 2, 5 .63 m.  D D,  E,  F ,  G .  Longitudinal sections of septal 
region, x 90, distal primary ring, x 200, detail of another distal 
primary ring, x 600, and detail of juvenile conch wall, x 300,  
SMNH X 1 628 ; Vrangelsborg l ,  Vr 66-4 LJ. 

ODm OPRD ODFR ODLS WFCY WLCY PA 

0.96 

0.80 
0 .74 
0 .92 
0 .88 
1 .00 

0 .28 0 .56 1 .64 1 . 20 8 °  

0 .20 0.44 0.44 1 .24 1 .00 8° 
0 . 1 6  0 .56 0 .28 1 .28 1 . 20 7 . 5 °  
0 . 1 6  0 .56 0 .48 1 . 1 6 1 .36  8 . 5 °  
0 . 1 6  0.44 0 .46 1 .48 1 .36  7°  
0 .20 0 .44 0.64 1 .25  1 . 1 2 8 °  

Occurrence. - Lonchidium groenwalli occurs from the  base 
of unit 3 (sensu Gr6nwall 1 897)  up into unit 4 of the 
Oved-Ramsåsa Beds in  Scania. 

Lonchidium groetlingboense n .  sp. 
Fig. 3 7 .  

Derivation of name. Latin Groetlingboensis, from 
Gr6tlingbo, referring to the area where the species I S  
most abundant, and which indudes the type locality. 

Holotype. - SGV type collection,  Fig. 3 7 A.  

Type stmta. - Hamra Beds,  unit b. 

Type locality. - B ankvat l ,  Gotland. 

Material. - From the type locality 3 0  s pecimens, from 
additional localities in the H amra Beds 27  specimens .  

Diagnosis. - Slender Lonchidium, proximal part expanding 
at 5-6 . 5 °, d istally subcylindrical, medium-sized. Annula
tion in two patterns ,  proximal and early adult parts with 
low rings gradual!y increasing in size and spacing, distal 
part with rings in distinct groups.  Rings before the first 
prima ry ring coarse and separated by concave, smooth . 
interspaces .  Adult part with widely spaced primary rings 
separated proximally by 2 or 3 secondary rings, distally 
by one secondary ring. Rings with conspicuous,  long, 
convex proximal slopes and rounded crests. Inner conch 
wal! moderately irregular. Poorly developed 
pseudopuncta. 

Description. - Conch conical and slender, proximal part 
expanding at 5-6 . 5 °, distal part subcylindrical. Proximal 
part curved slightly along ca. 0 .80  mm, rest of conch 
straight. Length in  fully adult specimens 1 2- 1 3  mm.  
Initial chamber conical passing into juvenile part without 
any constriction or other delimitation .  Outer conch 
diameter immediately behind initial chamber ca.  0 .07-
0.08 mm, outer distal diameter in  fully adult specimens 
0 .90-0.95 mm. Aperture perpendicular to long axis .  

Whole conch ornamented with rings and annulets 
perpendicular to long axis. Two principal ring patterns 
may be distinguished. Juvenile and early adult part up to 
the first primary ring having low rings with rounded 
crests. Rings increasing gradually distally in size and 
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Fig. 3 7 .  Lonchidium groetlingboense n. sp. D, E, F "erbtlingboudd", 
unnumbered SMNH sample. O A.  Holotype, seu tyre collec
tion, x 1 0 .  D B . seu type collection, x 1 0 .  O A,  B - Bankvat l ,  
unnumbered seu sample. O C .  Longitudinal sectiun o f  almost 

spacing, the increase being particularly d.Ainct at an 
outer conch diameter of 0 .40-0 .50  mm where rings are 
separated by smooth, concave interspaces. Density of 
rings ca. 4 per mm distally, 1 3- 1 5  per mm more proxi
mally. 

Major part of conch having rings in  a rhythmical 
pattern : primary rings well spaced, separated by 2 or 3 ,  
occasionally 4 ,  secondary rings immediately proximal to 

complete speeimen, SMNH X 1 64 1 ,  x 1 0 .  O D, E.  Longitudinal 
sections of distal ring pair, x 1 00 ,  and juvenile conch wall, x 400,  
SMNH X 1 643 .  O F .  Lateral view of early distal part, SMNH X 
1 642 ,  x 50 .  

primary rings. Secondary rings increasing gradually dis
tally in  size and spacing. Distal ring pattern generally 
bi-annulate. Width of first cyde normally 1 . 3 0-1 . 50  mm.  
The first primary r ing develops at an outer conch diame
ter of 0 . 55-0 .70  mm, 5-6 mm from the proximal end.  
Distal primary rings showing a similar spacing, but may 
be at intervals of  1 .  90-2 . 1 0  mm.  

Primary rings dearly asymmetrical having long proxi-
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Table 15. Lonchidium groetlingboense n. sp. (dimensions in mm) .  

Spee. No.  DEEC 

Holotype 9 .58 
seu Te 42 7 .72  
seu Te 43 8 .20 
seu Te 50 1 0 .89 
seu Te 60 8 .28 
SMNH X 1 397 1 0 .20 
SMNH X 1 560 8 .32 
SMNH X 1 64 1  9.66 

mal siopes, while distal slopes are shorter and steeper. 
Laminae forming these rings of  ten hemispherical, axial 
traces consequently very diffuse or laeking, at least in the 
outer part of the rings. However, some rings have 
opisthocyrt axial traces. Primary rings bi-convex with 
rounded crests and smooth proximal slopes, d istal slopes 
generally having one annulet. Height of distal primary 
rings 0 . 1 2-0 . 1 4  mm, height :  basal width I :  2 . 5 .  

Secondary rings asymmetrical and bi-convex i n  pro file .  
These rings commonly have slightly prosocline, prosocyrt 
axial traces .  

Annulets mainly Iying in the secondary interspaces of 
the distal conch, rare in the juvenile part .  One or, 
occasionally, two annulets forming on the distal slopes of 
the primary rings. Annulets low with prosocline crests . 

Whole conch with faint Iirae in secondary and tertiary 
interspaees, their density 8-1 0  per O . l mm. 

Primary interspaces flat, secondary interspaces flat or 
concave, the latter shape being more common.  Proximal 
septal region with rather regularly spaced free septa. Last 
septurn in adult speeimens generally forming at an outer 
conch diameter of 0.40 mm. Septa mainly symmetrical 
but, occasionally, slightly asymmetrical septa occur as 
well .  Free parts strongly concave, sometimes slightly 
irregular in course, mural parts tapering rapidly. Last 4 
or 5 septa commonly forming an accretion zone which 
may be up to 2 . 5-2 .8  mm long. 

Living chamber conical proximally, but gradually be
comes subcylindrical distally. Internal wall surface 
sl ightly irregular because of incomplete fill ing of annular 
concavities .  These l ie at the ring crest or slightly distal to 
it. Annular shelves narrow, having a prosocline attitude. 
Annular concavities of secondary rings always proximal 
to crest of rings .  

Faint pseudopuncta occasionally occurring  in  the prox
imal limbs of the primary rings. Thickness of primary 
shell 0 .02-0 .03 mm proximally and 0 .04-0 .05 mm dis
tally. 

Remarks. - Lonchidium groetlingboense is characterized by 
the long proximal part which has progressively larger 
and more widely spaced rings, the late appearance of the 
first primary ring, and the very conspicuous rings with 
long proximal slopes. The proximal annulation disting
uishes this speeies from other Lonchidium speeies, i .e. L. 
extensum and L. umidestre. Lonchidium groetlingboense re
sem bles L. groenwalli the younger representative of the 

ODm 

0.79 
0 .83 
0 .83 
0 .95 
0 .72 
0 .8 1 
0 .7 1 
0 .9 1 

OPRD OD FR ODLS WFCY WLCY PA 

0 . 1 0  0 .55 1 . 58 1 . 54 6 . 5° 
0 .20 0 .55 1 .94 1 . 58 6 .5°  
0 . 1 0  0 .53 1 . 70 1 .47 6 .5°  
0 .20 0 .7 1 1 .3 1  1 .74 6 .5°  
0 .20 0.68 0 .36 1 .50  6 .0°  
0 . 1 4  0.63 1 .48 1 .38  5 .5 °  
0 . 1 4  0 .55 0 .40 1 .66 5 .0°  
0 . 1 6  0.40 2 .33  6 .0 °  

genus in Scania, but differs from it mainly in having a 
longer proximal part and generally larger conch .  

The ring pattern of Lonchidium groetlingboense varies to 
some extent .  The rings immediately before the first 
primary rings are occasionally more c10sely spaced and 
not much different in size from earlier rings in  the 
juvenile part. The number of secondary rings in the 
distal cycles and the spaeing between primary rings may 
vary . 

Occurrence. - Lonchidium groetlingboense has only been 
identified definitely from the Hamra Beds ,  units b and c, 
mainly in the Bankvat-Grotlingboudd area. It is occa
sionally very numerous.  

Lonchidium incilense n .  sp. 
Fig. 38 .  

Derivation of name. - Latin incilensis, from the ditch , 
referring to the type locality for the speeies .  

Holotype. - SMNH No. X 1490 ,  Fig .  38A.  

Type stmta. - Oved-Ramsåsa Beds unit l a (sample Bj 74-2 
KL) .  

Type locality. - Bjarsjolagård l ,  Scania. 

Material. - From the type locality 5 speeimens, from 
additional localities 22  speeimens .  

Diagnosis. - Small  to medium-sized Lonchidium with a 
proximal growth angle of 7-8 .5 °, distal part expanding at 
4_5°. Proximal part distinctly curved.  Juvenile part with 
narrow, secondary rings sharply crested in profile, 
gradually increasing in size and spaeing. Distal annula
tion of rings perpendicular to the long axis, in cycles of 
two c10sely spaced but differently sized rings separated by 
wide, flat interspaces with numerous annulets. Living 
chamber conical with slightly irregular internal wall 
surface . Pseudopuncta. 

Description. - Proximal part of conch expanding at 7-8 . 5 °, 
distal part at 4_5 °, change in growth angle gradual .  Distal 
straight but proximally distinetly curved.  Deflection of 
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Table 1 6. Lonchidium incilense n.  sp. (dimensions in mm) .  

Spee. No .  DEEC 

SMNH X 1490 6 .85 
(holotype) 
SMNH X 1480 5 .42 
SMNH X 1494 8 .39  
SMNH X 1495 4 .87  
SGU Te \ 4 . 1 6  
SGU Te 2 4 .47 

apical point from a sagittal plane through the living 
chamber 0 . 20-0 . 25  mm. Length of conch in fully mature 
specimens estimated as 9-1 1 mm. Initial chamber un
known . Minimum outer proximal diameter ca. 0 . 1 0  mm, 
outer distal diameter in mature specimens 0 .85-0 .90 mm. 
Aperture perpendicular to long axis  of conch. 

External surface of conch having rhythmic annulation 
with rings perpendicular to long axis of conch. Proximal 
part with distinct rings increasing gradually in size and 
s pacing towards the distal end, density ca. 1 4- 1 6  rings 
per mm. Rhythmicity of ring pattern less d istinct in 
proximal part and does not become well developed until 
an outer conch diameter of ca. 0 .25-0 .30  mm, where the 
first true primary ring occurs. Secondary rings proximal 
to this ring slightly asymmetrical with orthoeline or 
slightly prosoeline and straight axial traces ,  shape slightly 
convexo-concave or angular with rather pointed crests. 
Each secondary ring has a strongly prosoeline and 
straight flange fringing the hinge line (Fig. 38G) .  This 
flange is almost perpendicular to the distal slope of the 
ring. Slopes of rings smooth. In terspaces distinctly con
cave and symmetrical .  No annulets occur in the inter
spaces .  

Distal conch having distinctly rhythmic rings . The 
earliest three or four cyeles each have three or occasion
ally four rings. However, most of the distal part has only 
two rings in each cyele. In the distal conch , more than 
half the width of  each cyele consists of a long proximal 
interspace . Distal ring pairs consisting of a secondary ring 
followed immediately by a distinct primary ring. Primary 
rings spaced 0 .40-0 .55  mm apart proximally, but ca. 
1 . 0-1 . 1 0  mm distally. Spacing between secondary and 
primary ring of each pair ca. 0 . 20-0 .30  mm in the early 
adult part and 0 . 30-0 .40 mm more distally. Primary rings 
increasing distinctly in size towards the distal end, sym
metrical or slightly asymmetrical with straight or faintly 
opisthoeline and straight axial traces .  Proximal slopes 
smooth, distal slopes having 1 -3 coarse annulets making 
the ring appear strongly furrowed. The most distal 
primary ring occasionally reaching heights of ca. 0 . 1 6  
mm. Height: basal width about l :  l .  

Fig. 38.  Lonchidium incilense n .  sp. D A. Holotype, SMNH X 1490,  
x 25 ;  Bjarsjolagård l ,  Bj 74-2 KL.  O B ,  C ,  D .  Longitudinal 
seetions of juvenile rings, x 250, of ring pair, x 250, of septal 
region, x 75. D E , F,  G. Details of primary ring in C ,  x 500, of 
pseudopuneta in E,  x 1 750 ,  and of distal ring in D,  x 750. O 
B-E. Same speeimen, SGU type eolleetion, Bjarsjolagårdborr
ningen \ , 67 .0-67 .7  m. 

ODm OPRD ODFR ODLS WLCY PA 

0 .87 0 . 1 6  0 .24 1 .03 8 . 5 °  

0 . 75  0 . 20  0 .24 0 .95 8 °  
0 . 59  0 . 1 2  0 .24 0.43 1 .82  8°  
0 .59 0 . \ 0  0 .32 0 .22 0 .97 7° 
0 .59 0 .24 0 .79 8 °  
0 .5 1 0 . 1 6  0 .28 0 .6 \ 7 . 5 °  

Distal secondary rings having a similar attitude to  those 
proximally, but differ in having less steep slopes and on ly 
one coarse annulet on the distal slope. Distal conch 
having distinct annulets in the interspaces. The wide 
secondary interspace before each secondary ring has 7 or 
8 annulets, the short interspaces between secondary and 
primary rings only l or 2. The wide interspaces are flat, 
while the short interspaces are concave. 

Lirae present but very weakly developed. In  the ma
terial available it  was not possible to measure their density. 

Proximal septal region with septa. The most distal 
septum observed was at an outer conch diameter of ca 
0 .43 mm. However, this septum probably does not repre
sent the last septum of a fully adult individual because the 
sectioned specimen i s  rather small .  Free parts straight or 
slightly concave and perpendicular to long axis, spacing 
0 .2-0 .3 mm. Mural parts of septa symmetrical and com
paratively short, initially having the same thickness as the 
free parts but taper rapidly. Because no fully mature 
specimens have been found,  the development of the most 
distal septa is unknown . 

Living chamber conical and initially symmetrical. 
Character of  internal wall surface in mature specimens 
unknown . Wall surface in  young specimens irregular, 
roughly reflecting the external features of the conch. 
Annular concavities elose to aperture filled rapidly. I n  
the primary rings only very weak annular shelves distal to 
the crest of the rings develop. The secondary rings have 
more central, narrow annular shelves .  

Primary shell having well developed pseudopuncta in 
the proximal l imbs of the primary rings .  Primary shell 
distinguished from the secondary shell by a com para
tively thick inner organic layer. Thickness of primary 
shell 0 .02-0 .03 proximally and slightly more , 0 .04-0 .05 
mm, in the early distal part. 

Remarks. - The available material of Lonchidium incilense 
shows l ittle variation .  The species is very similar to L. 
ogmotum and the two species may easily be confused, 
especially if only adult portions are available. The most 
striking similarity is the coarse annulets on the distal 
slopes of the rings. However, the juvenile parts differ.  L. 
incilense has more, sharper secondary rings ,  and a more 
curved proximal end. Lonchidium incilense has a somewhat 
wider conch and a more conical living chamber than L.  
ogmotum. The proximal part of L.  incilense shows some 
resemblance to that of L.  scanicum but differs in the 
general shape of the rings and the lack of oblique rings. 
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Table 1 7. Lonchidium mobergi n. sp. (dimensions in mm).  

Spee. No.  DEEC 

SMNH X 1 620 8 .92 
(holotype) 
SMNH X 1 6 1 4  9.20 
SMNH X 1 6 1 5  5 .00 
SMNH X 1 6 1 6  7 .00 
SMNH X 1 6 1 7  9 .79 
SMNH X 162 1 7 .68 
SMNH X 1 644 5 .20 

Occurrence. - Lonchidium incilense is restricted to the Oved
Ramsåsa Beds , unit 1 a. I t  oc�urs in the borehole Bjar
sjolagårdborrningen l 54. 1 0-69 .00 m below the well
head. At the type locality , Bjarsjolagård l ,  it comes from 
beds with the Hindeodella excavata fauna sensu Jeppsson 
( 1 974 ) .  

Lonchidium mobergi n .  sp .  
Figs . 1 9B-C,  39 .  

Synonymy. - O ? Tentaculites schlotheimi Koken - Hajiasz 
( 1 974 : 470-47 1 ,  Pl .  6: 3 ) .  

Derivation of name. - In  honour of Johan Christian 
Moberg ( 1 8 54-1 9 1 5 ) who, together with K. A .  Gronwall, 
investigated the Oved-Ramsåsa Beds in Scania. 

Holotype. - SMNH No. X 1 620 ,  Fig. 3 9A.  

Type strata. - Oved-Ramsåsa Beds ,  unit 3 (sensu Gronwall 
1 897) .  Sample Ra G 67-2 LJ . 

Type locality. - Ramsåsa 9, Scania. 

Material. - From the type locality 4 speClmens, from 
additional localities 1 4  specimens .  

Diagnosis. - Narrow, medium-sized Lonchidium slightly 
curved proximally, straight distally. Annulation with dis
tinct rings in rhythmic pattern of pairs of triplets. Prim
ary rings closely spaced, the first two rings 0 .4 5-0 .60 mm 
apart. Primary rings with very extended slopes and flat or 
sl ightly rounded crests. Living chamber with slightly 
irregular inner conch wall . Pseudopuncta well developed. 

Description. - Conch narrow and slender, proximal part 
expanding at 6 .5-8 °, distally subcylindrical. Conch 
straight except for the very proximal part which may be 
slightly curved, occasionally deflected up to 0 .30  mm 

Fig. 39.  Lonchidium mobergi n.  sp. D A. Holotype, SMNH X 1 620,  
x 1 5 ;  Ramsåsa 9,  Ra G 66-2 LJ . O B ,  C, D, E, F .  Longitudinal 
sections of proximal limb of distal primary ring, x 500, of 
primary ring forming the aperture, x 200,  of juvenile primary 
ring, x 200, of septal region, x 75, and detail of repaired conch 
wall, x 500, SMNH X 1 62 1 ;  Ramsåsa 2, Ra 7 1 -3KL.  
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ODID 

0.92 

0.80 
0.60 
0 .64 
0 .88 
0 .84 
0 .60 

OPRD OD FR ODLS WFCY WLCY PA 

0.24 0.30 0 .60 1 . 36  7 °  

0 .24 0.28 0.60 1 .68 8° 
0 . 1 4  0 .26 0 .26 0 .50 1 . 1 2  6 .5 °  
0 . 1 6  0 .30  0.40 0.46 0 .88 8 °  
0 . 20  0 . 28  0.60 1 . 52 8°  
0.24 0.32 0.48 0.56 1 .08 6 .5 °  
0 . 1 2  0 .26  0.44 0.48 1 .28  7 °  

from a sagittal plane through the aperture of the conch . 
Length of fully adult conch estimated as 1 0-1 1 mm. 
Initial chamber unknown. Minimum outer proximal 
diameter 0 . 1 2  mm, outer distal diameter in fully adult 
specimens is 0 .95-1 .00 mm. Aperture perpendicular to 
long axis of conch. 

Whole conch ornamented by rings and annulets 
perpendicular to long axis. Rings rhythmically arranged 
in cycles of 2-4 rings proximally and two rings distally. 
First primary ring appearing at an outer conch diameter 
of 0 .26-0.32  mm. Proximal primary rings closely spaced, 
the first two ca. 0 .50-0 .60 mm apart, distal spacing ca. 
1 .50-1 . 70  mm. Part proximal to the first primary ring 
hav ing low rings gradually increasing distally in size and 
spacing. Their density immediately before the first prim
ary ring 1 4- 1 6  per mm. 

Primary rings slightly asymmetrical with an 
opisthocline attitude and strongly opisthocline and 
straight axial traces. Outermost laminae commonly 
hemispherical. Profile of rings bi-convex with very ex
tended slopes and flat or sl ightly rounded crest, hinge 
line weakly developed. Proximal slopes smooth , distal 
slopes having one or two annulets. Generally there is a 
crestal furrow between the crestal line and the first 
ann ulet on each primary ring. Height: basal width of 
proximal primary rings about l :  3,  distally , the ratio is l :  

4-5 and the height of the rings ca. 0 . 1 0  mm. 
Secondary rings having a slightly asymmetrical at

titude, but hav ing prosocline, straight or slightly pro
socyrt axial traces. Profile bi-convex, occasionally con
vexo-concave and with rounded crests. Size of secondary 
rings within each cycle increasing gradually. First rings 
occasionally low. Annulets occurring between rings and 
on distal slopes of primary rings at close regular intervals .  
The long secondary imerspace of each cycle has no more 
than 1 2  or 1 3  annulets which are low, symmetrical and 
rather cuspate. 

The material was not well enough preserved for study 
of the lirae . However, there is no reason to believe lirae to 
be missing. 

Secondary and tertiary imerspaces concave, primary 
inters paces flat. 

Proximal septal region with free septa occurring at 
regular intervals , 0 .3-0 .4 mm apart. Distal 3 or 4 septa 
normally form an accretion zone up to 1 .0-1 . 5 mm. Free 
parts concave and perpendicular or oblique to long axis 
of conch. The most distal septum occurs at an outer 
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conch diameter of 0 .45-0 .50  mm and it is generally 
asymmetrical and conical. Free part of this septurn very 
thick but mural part ta pers rapidly. 

Living chamber proximally conical but rapidly be
comes subcylindrical towards aperture . Internal wall 
surface slightly irregular. Annular concavities at primary 
rings shallow, asymmetrical, and concavities at secondary 
rings more symmetrical .  Former concavities far distal to 
crest of ring, while the latter concavities more or less 
parallei the external shape of the secondary rings .  Annu
lar shelves of primary rings straight or slightly prosodine, 
commonly modified by accretion of secondary shell mat
erial. 

Primary and secondary shells easily distinguished. Out
ermost part of proximal limbs of primary rings having 
well developed pseudopuncta. The latter occur also in 
some secondary rings,  and in the distal l imbs of the rings 
and in the interspaces .  Thickness of primary shell ca. 
0.02 mm proximally and 0 .03-0.05 mm distally. 

Remarks. - Lonehidium mobergi is characterized mainly by 
the relatively early cydicity of the ring pattern and dense 
primary rings . The ring pattern and shape of the rings in 
the distal part are similar to L. groenwalli. Lonehidium 
mobergi may be distinguished by its having shorter inter
vals between primary rings. 

The specimen figured by Hajlasz ( 1 974 , Pl .  6: 3) and 
described as Tentaeulites sehlotheim Koken might be refer
red to Lonehidium mobergi. Unfortunately, Hajlasz' ( 1 974 ) 
description is vague and the illustration poor. The figure 
shows the specimen to have a bi-annulate and tri-ann u
late ring pattern and primary rings with wide bases .  The 
stratigraphical level at the top of the N. incerta-A. prima 
zone (sensu Tomczykowa & Witwicka 1 974) fits with the 
distribution of Lonehidium mobergi in  Scania. 

In L. mobergi the num ber of rings in the first three or 
four cydes is variable.  There may occasionally be some 
variation in their number more distally when tri-annulate 
cydes form. 

Oeeurrence. - Lonehidium mobergi appears dose to the base 
of unit 3 (sensu Gronwall 1 897)  of the Oved-Ramsåsa 
Beds and ranges up into the next unit, 4 .  

Table 1 8 .  Lonchidium ogmotum n .  s p .  (dimensions in mm).  

Spee. No. DEEC 

SMNH X 1479 9. 1 1  
(holotype) 
SMNH X 1484 6 .57 
SMNH X 1485 7 .37 
SMNH X 1486 9 .27  
SMNH X 1487 9 .30 
SMNH X 1488 7 .25 
SMNH X 1492 7 .05  
SMNH X 1493 7 .80  

ODm 

0.87 

0 .59 
0 .99 
0 .95 
0 .99 
0 .7 1 
0 .67 
0 .83 

OPRD ODFR 

0 . 14  0 . 22  

0 . 1 6  0 . 1 8  
0.48 
0 . 1 6  
0 .20 
0 .24 0 .32  
0 . 1 0  
0 . 1 2  0 .26 

Lonchidium ogmotum n .  Sp. 
Fig. 40.  

Derivation of name. - Greek ogmotos - full of furrows, 
referring to the conspicuous grooves on the distal slopes 
of the rings, produced by the coarse annulets. 

Holotype. - SMNH No. X 1479 ,  Fig. 40A.  

Type strata. - Oved-Ramsåsa Beds ,  unit l (sample Kl  
67-24 LJ , 4 . 96 m above base of section) .  

Type loeality. - Klinta 2 ,  Scania. 

Material. - From type locality 1 9  specimens,  from addi
tional localities in Oved-Ramsåsa Beds 47  specimens ;  
from Gotland I l  specimens from Eke Beds ,  3 7  from 
Burgsvik Beds,  3 from Hamra Beds .  

Diagnosis. - Medium-sized Lonehidium with coarse an
nulets on distal s lopes of the rings giving a furrowed 
appearance. Growth angle 6 .5-8 ° proximally , 2-3 °  dis
tally. 

Deseription. - Conch expanding at 6 . 5-8 ° proximally, 
gradually changing to 2-3 ° distally. Mainly straight, but 
occasionally with slight proximal curvature. Maximum 
length estimated at 1 0-1 2 mm, no initial chamber found.  
Minimum outer proximal diameter 0 . 1 0  mm, maximum 
outer distal diameter 0 . 95-1 .00 mm; aperture always 
perpendicular to long axis. 

Rings and annulets prominent over the whole conch , 
rings always perpendicular to long axis. Rings generally 
paired, occasionally in groups of three in the first two or 
three cydes. Primary rings gradually larger and more 
widely spaced towards distal end. Width of cydes 0 . 55-
0.65 m proximally, 0 .95-1 .25  mm distally. Spacing of 
primary from secondary rings of cyde also increasing 
distally. Distance between crests of rings of pairs 0.20 mm 
proximally, 0 .30-0 .40 mm distally .  Pairs consisting of 
secondary ring followed by a primary ring of conspicu
ously different size. Primary rings almost symmetrical, 
axial trace opisthodine and slightly opisthocyrt but be
coming diffuse in outermost part where laminae are 
hemispherical . Proximal slope of primary ring smooth 
and convex, distal slope with coarse annulets giving a 
pronounced furrowing of the surface ; crest of ring gently 

ODLS 

0 .36 

WLCY · PA 

1 . 23 6 . 5 °  

1 . 1 5  7 . 5 °  
1 . 23 
1 .23 8° 
0 .93 8° 
1 .09 8°  
1 . 25  
0 .99  8°  



Fig. 40.  Lonchidium ogmotum n. sp.  O A. Holotype, SMNH X 
1479 ,  x 25 ;  Klima I ,  Kl 67-2 1 LJ . D B , D, E, F. Longitudinal 
sections showing detail of distal side of primary ring, x 250,  
annulets and proximal limb of secondary r ing,  x 400, distal ring 
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part, x 1 50 ,  and septal region,  x 1 50 ,  SMNH X 1492 ; Klinta 2 ,  
Kl 67-23 LJ . O C.  Lateral view o f  primary ring, s e u  type 
collection, x 1 50 ;  Bjarsj61agårdborrningen 1 , 2 7 .0-27 . 1 m.  
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rounded. Distal primary ring height 0 . 15 mm, height: 
bas'al width of ring 1 :  1 .7- 1 .8 .  Secondary rings symmetri
cal, axial trace orthodine, pro file sub-triangular with 
slightly convex slopes and narrow rounded crest, d istal 
slope generally with one central ann ulet. Coarse, well-de
fined annulets in interspaces and on distal slopes of rings. 
Annulets symmetrical ,  with wide base and thin , pro
socyrt, wide outer margin ;  regularly spaced,  1 0- 1 2  per 
mm proximally, 1 8-20 per mm distally. In adult cydes, 
8-1 0  annulets in  wide proximal interspace, 2 or 3 bet
ween paired rings, 2 or 3 on distal slope of rings. Height 
of ann ulet above interspace up to 0 .06-0 .07 mm. Proxi
mal interspace of each cyde wide, of ten more than half 
the cyde width, flat, sloping inwards sl ightly - as is best 
seen in sections of the internal surface. Shorter inter
spaces of cyde concave. Lirae in all tertiary interspaces 
and may extend onto proximal slopes of rings, weakly 
developed, 1 8-20 per O . l mm. 

Proximal septal region,  early septa free ,  later septa 
partly endoconic. Free septa symmetrical , regularly 
spaced, 0 . 25-0 .30 mm apart; total unknown but 
minimum 7; thickness 0 .04-0 .05 mm,  maintained in 
mural part, but very thin septa may also be present. Free 
parts of septa concave, especially in distal septal region .  
Mural parts of proximal septa parallei to  long axis and 
forming narrow extended camerae, of distal septa di
verging from long axis and forming conical camerae with 
narrow, concave proximal ends and wide, convex distal 
ends. Distal 3 or 4 septa generally distinctly endoconic. 
Last septurn at conch diameter of 0 . 30-0 .35  mm.  

Living chamber conical, symmetrical, with narrow, 
pointed proximal end. Internal wall surface slightly ir
regular because of incomplete fil l ing of annular con
cavities .  Primary rings largely filled , even near aperture , 
proximal limbs with greatest lamellar accumulation ;  
annular shelves narrow, opisthodine, distal to  r ing crest. 
Secondary rings largely filled, but more homogeneous 
lamellar accumulation ;  annular shelves narrow, proximal 
to ring crest. Inner and outer surfaces of interspaces 
paralleI . 

Pseudopuncta in proximal limb of rings, variously 
developed in the different rings , of very low tuberdes. 
Primary and secondary shells fairly distinct, especially in  
juvenile part where separated by a th in  inner organic 
layer. Thickness of primary shell fairly uniform, 0 .03 mm 
proximally, 0 .04 mm distally. 

Table 1 9. Lonchidium scanicum n.  sp. (dimensions in mm).  

Spee. No. DEEC ODID OPRD ODFR 

SMNH X 1458 7 .72 0 .7 1 0 . 1 2  0.46 
(holotype) 
SMNH X 1459 9. 1 0  0 .7 1 0 . 1 6  0.46 
SMNH X 1 460 7 .52  0 .79 0 .20 0 .47 
SMNH X 146 1 5 .03 0 .59 0 . 1 0  0 .44 
SMNH X 1465 9 .50 0 .9 1 0 . 1 6  0.63 
SMNH X 1470 6.49 0 .63 0 . 1 6  0 .48 
SMNH X 147 1 9 . 1 1  0 .69 0 . 1 4  0 .53 
SMNH X 1473 5 .36 0 .67  0 . 1 8  0 .36 
SMNH X 1476 8 . 1 2  0 .79 0 . 1 2  0 .55  
SMNH X 1 580 6.30 0 .59 0 . 1 0  0.40 

Remarks. - Lonchidium ogmotum i s  characterized chiefly by 
the furrowed appearance that the coarse annulets give to 
distal slopes of rings. Well-defined paired rings are 
another characteristic feature. Morphological features 
show negligible variation,  L. ogmotum i s  dose ly related to 
L. incilense, and adult parts of the two species may be 
difficult to distinguish. 

Occurrence. - L. ogmotum i s  most abundant in Scania in 
unit 1 a (sensu Grbnwall 1 897 )  of the Oved-Ramsåsa Beds. 
I t  has only been definitely identified from beds with 
Hindeodella steinhornensis scaniea and Hindeodella wimani 
faunas sensu J eppsson ( 1 974 ) .  On Gotland , definite 
identification has been made from a few localities in basal 
B urgsvik Beds and uppermost Eke Beds ,  but the species 
is not com mon. 

Lonchidium scanicum n .  sp .  
Figs . 7 A-B , 9C,  4 1 .  

Derivation of name. - Latin seanicus, from Scania, refer
ring to the location of the type locality. 

Holotype. - SMNH No. X 1458 ,  Fig. 4 1 A . 

Type strata. - Oved-Ramsåsa Beds,  unit 1 (sample KL 74-7 
KL, collected 2 . 55  m above the base of the measured 
section) .  

Type loeality. - Klinta l ,  Scania. 

Material. - From the type locality 92 specimen, from 
additional localities in the Oved-Ramsåsa Beds 47  speci
mens ; from Gotland, I l  specimens from the Eke Beds,  3 7  
specimens from the Burgsvik Beds and 3 specimens from 
the Hamra Beds. 

Diagnosis. - Small- to medium-sized Lonchidium with nar
row conch proximally expanding at 4 . 5-6 . 5 °, d istally 
slightly less. Annulation sl ightly oblique, consisting of 
rings arranged into cydes with rings in pairs. Rings 
asymmetrical with extended proximal slopes and steep 
distal slopes. Septa distally forming an accretion zone.  

ODLS WFCY PA 

1 .07 5 . 5 °  

0 .99 5 °  
1 . 26 5°  
1 .03 5° 
1 . 1 1 5 °  

0 . 28  1 .29 5 °  
0 .32 0 .95 4 . 5 °  
0 .28 0 .89 6 .5 °  

1 . 1 1 5 °  
0 .26 4 . 5 °  



Fig. 4 1 .  Lonchidium scanicum n. sp.  O A. Holotype, SMNH X 
1458 ,  x 2 5 ;  Klinta l ,  Kl 74-7 KL. OB , E, F. Longitudinal sections 
of distal part with preserved functional aperture, x 1 00 ,  distal 
primary ring, x 200,  and septal region, x 75 .  Note the well 

S ilurian tentaculitids from Gotland and S cania 1 0 1  

developed accretion zone i n  F .  SMNH X 1 58 0 ;  Klinta l ,  Kl 
67 - 1 0  LJ. O C .  Fragmented conch showing first two ring pairs, 
x 25, SMNH X 1478 ;  Gisle I ,  G 75 - 1 6  KL. O D . Juvenile part 
and initial chamber, x 50, SMNH X 1 48 1 ;  Klinta l ,  Kl 74-7 KL. 
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Internal wall surface smooth or almost smooth distally, 
only interrupted by shallow annular concavities .  Conch 
wall without pseudopuncta. 

Description. - Conch narrow, proximal part expanding at 
4 . 5--6 . 5 °, distal part expanding at a slightly smaller angle, 
change in growth angle gradual. Straight, except proxi
mal part frequently with slight curvature up to first 
primary ring. Maximum deflexion of proximal end from 
sagittal plane through aperture 0 .3 5-0 .40 mm, average 
deflexion 0 . 1 5-0 .25  mm.  Small- to medium-sized , i .e .  
length 8-1 1 mm. Smallest outer proximal diameter 0 .08-
0 . 1 0  mm, although probably not the minimum diameter 
because no initial chamber found. Outer distal diameter 
0 .80-0 .90 mm. Aperture perpendicular or slightly obli
que to long axis .  

Annulation of two ring patterns characteristic of the 
principal parts of conch, perpendicular or oblique to long 
axis ,  the latter orientation predominant. Proximal part 
with low ring of gradually greater size and spacing, rings 
separated by smooth, concave interspaces except the 4 or 
5 rings immediately before first primary ring whose 
interspaces each have one ann ulet. Ring density 20-22 
per mm at extreme proximal end but only 5-7 per mm 
dose to first primary ring.  Outer conch diameter at first 
primary ring generally 0 . 36-0 .64 mm, mostly 0 .45 .  Rings 
symmetrical, low, crests gently rounded. 

Distal ring pattern cydic, 2-4 rings per cyde. Second or 
third cyde commonly with 3 or 4 rings and longer, 
1 .20-1 .25  mm, than adjacent cydes ,  most other cydes 
with two rings . Length of distal cydes 0 .90-1 .20  mm. U p  
to 6 o r  7 cydes in fully adult conchs . Each cyde with one 
distal primary ring and, i l l' mediately proximal of it, one, 
occasionally two, secondary ri ngs, thus forming distinct 
ring pairs in  distal part of cyde, a marked, wide inter
space up to over half the cyde width in proximal part of 
cyde. Distance between crests of paired ri ngs increasing 
gradually , from ca. 0.2 mm most proximally to 0 .30-0 .40 
mm most distally, distinct s ize difference between prim
ary and secondary ring of p'\.

ir. 
Rings d istinctly asymmetrical ,  flattened, with much 

extended proximal slopes and rather steep distal slopes. 
Axial trace of rings rather diffuse because of more or less 
hemispherical laminae but, when visible, opisthodine and 
prosocyrt. Hinge line of ten coincident with crestal line. 
Profile of rings bi-corIvex, crests rounded. Height: basal 
width of the primary rings l :  3, bases of the secondary 
ri ngs slightly narrower and ratio of l :  2. Height of most 
distal primary rings seldom exceeding O . l mm. Proximal 
slopes of rings always smooth, distal slope with one or two 
annulets. 

Well-developed annulets in all interspaces and on distal 
slopes of rings , on the latter earliest annulet dose to 
hinge line. Crestal furrow commonly distinct. Annulets 
regular, 8-1 6  wide proximal interspace of each cyde, 2-4 
in short interspace separating paired rings. Annulets 
thin, prosodine, margins prosocyrt and frequently prom
inent, appearing curled. 

Secondary interspaces flat, well defined, always sub
paral leI to long axis. Tertiary interspaces concave. 

Lirae covering whole conch, very weakly developed so 

not possible to study in detail, density in one specimen of 
ca. 14 per O . l  mm. 

Proximal septal region ;  7- 1 0  transverse septa , well 
separated, at regular intervals 0 . 27-0 . 35  mm apart. Septa 
of ten asymmetrical ,  with oblique free parts and with 
mural parts of different lengths, the shorter mural part 
towards the concave curvature of the juvenile part. 
Proximal septa thin, the 4 or 5 most distal septa thickened 
and forming an accretion zone up to 1 . 0-1 . 5  mm long. 
Last septurn in mature specimens at conch diameter of 
0 . 26-0 .32  mm,  commonly pronouncedly conical in shape 
with a pointed, narrow free part. 

Living chamber subcylindrical except for the proximal 
part which is  conical, internal wall surface smooth proxi
mally and only slightly irregular distally, the latter be
cause of incomplete fil l ing of annular concavities .  Annu
lar shelves generally mostly narrow and prosodine, in 
primary rings dearly distal to ring crests, in secondary 
rings dearly proximal ring crests. No pseudopuncta 
observed .  Thickness of primary shell ca. 0 . 0 1  mm proxi
mally, ca. 0 .025  mm distally . In juvenile part, total 
thickness of conch wall increased considerably by thick 
mural parts of septa. 

Remarks. - Lonchidium scanicum is characterized chiefly by 
the conspicuously asymmetrical rings and their oblique 
arrangement, and by the curved proximal part. How
ever, all these features vary somewhat among speeimens. 
The proximal slopes may be steeper. The size of the 
secondary rings immediately proximal of the first prim
ary ring may also vary ; in some speeimens,  particularly 
those with larger conchs, these rings are widely spaced 
and approach the size of the following primary ring. 

L. scamcum shows similarities to severaI other 
Lonchidium speeies ,  e .g. ,  L. ogmotum, L. groenwalli, and L. 
extensum. I t  differs from the first speeies essentially in the 
development of the rings ; those in L. scanicum are lower, 
more asymmetrical and lack the coarse annulets on their 
distal slopes which characterize L. ogmotum. Compared 
with L. groenwalli, L. scanicum has rings of similar shape 
but there are less per cyde , and the first primary ring 
forms at a smaller conch diameter. The general ring 
pattern and shape of the rings in  L. scanicum are similar to 
those of L. extensum, but the former s pecies has shorter 
cydes and fewer rings per cyde. 

Occurrence. - Lonchidium scanicum is the dominant species 
in uppermost unit 1 a and occurs through unit 1 b of the 
Oved-Ramsåsa Beds in Scania. In terms of the conodont 
zonation proposed by Jeppsson ( 1 974) the range cor
responds to the older and younger Hindeodella stein
hornensis scanica faunas.  On Gotland, L. scanicum has been 
found from the uppermost Eke Beds to unit a of the 
Hamra Beds.  

Lonchidium umidestre n .  sp .  
Fig. 42 .  

Derivation of name. - Latin umidum, a wet  place, referring 
to the type locality. 



Fig. 42.  Lonchidium umidestre n. sp.  A. B ankvat l ,  unnumbered 
SGU sample. B. B ankvat l ,  MS 876 ;  C, D.  Bankvat l ,  G 72-68 
KL. D A. Almost complete speeimen, SGU type collection, x 1 0 .  
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o B .  Holotype, SMNH X 1 56 1 ,  x 1 0 .  O C, D. Longitudinal 
sections of septa and conch walI, x 1 75 ,  and septal region, x 1 00 ,  
SMNH X 1 563 .  

Table 2 0 .  Lonchidium umidestre n.  sp .  (dimensions in mm) .  

Spee. No. DEEC ODID OPRD OD FR ODLS WFCY WLCY PA 

SMNH X 1 56 1  9 .30 0 .93 0 .36 1 . 58 7° 
(holotype) 
SMNH X 1 562 2.65 0.47 0 .22  0 .30 0.44 0.50 0.67 7 . 5 °  
SMNH X 1 563 2 .97 0 .5 1 0 .28 0 .5 1 0 .85 
SMNH X 1 564 1 .98 0 .36  0 . 1 4  0 .6 1 6° 
SGU Te 54 1 0 .69 0.83 0.08 0.30 0 .5 1 1 . 58 7°  
SGU Te 58 7 .00 0 .75 0 . 1 4  0 .28 0 .80 1 . 20 8 °  
SGU Te  59  1 1 .32  0 . 88  0 . 20  0 . 28  0 . 56  2 . 32  8°  
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Holotype. - SMNH No. X 1 56 1 ,  Fig. 42B .  

Type strata. - Hamra Beds,  unit b (sample MS 876 ) .  

Type locality. - B ankvat l ,  Gotland. 

Material. - From the type locality 1 3  specimens, from 
additional localities in the Hamra Beds l O  specimens.  

Diagnosis. - Slender straight Lonchidium, proximal part 
expanding at 6-8°, distal part subcylindrical. Conch 
medium-sized, annulation of widely spaced, paired rings, 
early distal part occasionally with three rings per gtOup. 
Annulation perpendicular to the long axis .  Rings bi-con
vex in profile, crests rounded with pronounced crestal 
furrow. One to three annulets on distal slopes of primary 
rings, occasionally cOarse and giving a furrowed appear
ance to the slopes. Weak pseudopuncta in the proximal 
Iimbs of the primary rings. 

Description. - Conch narrow, straight, medium-sized, prox
imal part expanding at 6_8° , distal part subcylindricaL 
Adult specimens 1 1 - 1 3  mm long, no initial chamber 
found. Minimum outer proximal diameter 0.08 mm, 
outer distal diameter in adult specimens 0 .85-0 .95 mm. 
Aperture perpendicular to long axis. 

Ornament over whole conch, of rings and annulets 
perpendicular to long axis. Rings mostly paired, occa
sionally in threes in the very early cydes of the adult patt. 
First primary ting at outer conch diameter of 0 .28-0 . 33  
mm.  Proximal tO  this, rings regularly spaeed , low density 
dose to the first primary ring of 1 6-20 per mm. Spacing 
of primary rings gradually increasing, from ca. 0 .5  mm to 
ca. 1 . 50- 1 .60 mm most distally. Spacing of secondary 
from primary ring of pair increasing from ca. 0 . 25  mm 
proximally to ca. 0.50 mm distally. Long secondary 
interspace in proximal part of each cyde with regularly 
spaced annulets, 4-6 proximally, 8-1 0  distally ; secondary 
interspaces between paired rings with 2 or 3 annulets. 
Distal slopes of the primary rings with one or severaI 
annulets, the latter giving a strongly furrowed appear
ance. 

Primary rings symmetrical or slightly asymmetrical, 
opisthodine ; if asymmetrical, with sl ightly opisthocyrt 
axial traces .  Outermost laminae commonly hemispheri
cal. Rings with bi-convex profile ,  smooth proximal slopes, 
distal slopes either with one ann ulet dose to crest and 
thus producing a distinct crestal furrow or with severaI 
annulets giving the slopes a furrowed appearance, the 
latter arrangement particularly common in the most 
distal prima ry rings. Height of distal primary rings 
0 . 1 5-0 . 1 7  mm, height : basal width 1 :  1 . 8-2 . 0 .  Secondary 
rings symmetrical, with straight and orthocline, axial 
traces, bi-convex, crests gently rounded. 

Annulets low, slightly asymmetrical, prosodine, mar
gins sharp. 

Lirae covering whole conch, in secondary and tertiary 
interspaces,  density 8-1 0  per O . l mm. 

Proximal septal region with free, regularly spaced 
septa. Septa 0 .30-0 .40 mm apart, generally more widely 
spaced proximally than distally. Proximal septa with thin 

free parts perpendicular to the long axis and straight or 
slightly concave, mural parts rather symmetrical . Distal 4 
or 5 septa in adult specimens frequently more asym
metrical and forming accretion zone with narrow, irregu
larly shaped camerae, free parts either perpendicular or 
oblique and either straight or slightly concave, mural 
parts strongly asymmetrical and irregular in thickness. 
Most distal septurn commonly very conical and up to 
0 . 1 0-0 . 1 5  mm thick, forrned at outer conch diameter of 
0 .40-0 .50  mm. 

Living chamber poorly known because few specimens 
available for sectioning. Proximal part conical and, judg
ing from external shape of distal conch, distal part 
subcylindrical. 

Conch wall with primary and secondary shells well 
separated by thick lOner organic Iayer. Weak 
pseudopuncta in proximal limbs of primary rings. Thick
ness of primary shell proximally ca. 0 .02  mm. 

Remarks. - The material available is toa scanty for study of 
intraspecific variation .  The ring pattern very much re
sembles that of Lonchidium ogmotum, and there are other 
similarities in the development of the distal slopes of the 
primary tings . Lonchidium umidestre is distinguished from 
L. ogmotum by having longer intervals between primary 
rings and flatter ctests to rings . L. umidestre is similar to 
Lonchidium extensum but has longer intervals between 
pti mary rings and more secondary dngs in the proximal 
cydes.  

Occurrence. - Lonchidium umidestre has only been found 
and is rare at a few localities in unit b of the Hamra Beds .  

Genus Odessites Lj ashenko 1 969 
Type speeies (by original designation) .  - Odessites spasovi 
Ljashenko 1 969 ;  from the Lower Devonian of south west
ern Russia. 

Specis on Gotland and in Scania. - Odessites geretiensis n .  sp . ,  
O. inflatus n .  sp . ,  O. lauensis n .  sp . ,  O. lebiensis (Zagora) ,  O.  
;najstriensis n .  sp. , O. petilus n.  sp. ,  O. portensis n .  sp . , O.  
prolatus n .  sp .  

Diagnosis (emended) .  - Volynitidae with large- to 
medium-sized, straight conchs. Initial chamber bilaterally 
symmetrical ,  dearly distinguished from the juvenile part 
by a slight constriction .  Annulation perpendicular to long 
axis, of widely spaced primary rings alternating with 
numerous secondary rings equ,,1 in size and spacing. 
Annulets abundant, in the interspaces and on the distal 
slopes of the rings. Lirae well developed. Proximal part 
divided internally by free septa, commonly distally form
ing an accretion zone. Internal wall of living chamber 
irregular. Pseudopuncta present or absent. 

Stratigraphical and geographical distribution. - The type 
species occurs in the Lower Devonian of southwest Russia 
(Podolia and Odessa district) .  Another Russian species 
occurs in the Lower Devonian of Siberia. In the Baltic 



area, Odessites species have been found in the Ludlovian
Downtonian Beds of Sweden and Podlasian Beds of 
northern Poland.  

Remarks. - The diagnosis agrees largely with the original 
diagnosis by Ljashenko ( 1 969a:  96) but is emended to 
inelude the shape of the initial chamber, the commonly 
found development of an accretion zone and possession 
in severai species of pseudopuncta. The genus is rather 
similar to Podolites Ljashenko bud differs by having a 
more uniform size and spacing of the secondary rings 
and a larger number of these rings in each cyele. 

Odessites geretiensis n. sp.  
Fig .  43 .  

Synonymy. - D Tentaculites cf. ornatus Sowerby-Hede, 
1 9 1 9b :  1 30 .  

Derivation of name. - Latin geretiensis, from Gerete, refer
ring to the type locality where this species is dominant. 

Holotype. - SMNH No. X 1 326 ,  Fig. 43A.  

Type stmta. - Hemse Beds ,  northwestern part (sample G 
73-54 KL).  

Type locality. - Gerete l ;  Gotland. 

Material, - From the type locality I l O specimens, from 
additional localities in the Hemse Beds 52 specimens.  
From Skarhult l ,  Scania, about 20 specimens have been 
found. 

Diagnosis. - Slender Odessites with a proximal growth 
angle of 5_7 °. Annulation with rings, distally showing 
weak tendency to form cyeles of 3 or 4 rings,  proximally 
regular, widely spaced and alternating with numerous 
annulets. I nterior with few, free septa proximally, free 
parts straight or concave, perpendicular or oblique. 
Conch wall without pseudopuncta. 

Description. - Conch slender, proximal part expanding at 
5_7 °, distal part at 3-4°. Change of growth angle gradual. 
Conch straight along its fuli length, medium sized with an 
averilge length in fully adult specimens of 1 2-14  mm.  
Initial chamber unknown. Minimum outer proximal 
diameter 0 . 1 0  mm, outer distal diameter 0 .90-1 .00 mm.  
Aperture perpendicular to  long axis. 

Whole conch ornamented by a slightly cyelic ring 
pattern with rings and annulets .  Cyelic groups of 3 or 4 
rings of ten very indistinct, when the annulation consists 
of rings increasing gradually in size and spacing towards 
the distal end. Proximal rings occur regularly and groups 
of rings do not become distinct until a conch diameter of 
ca. 0 .40 is reached. Distal cyeles composed of 3 or 4 rings 
spaced 0 .55-1 . 58  mm apart. Width of cyeles increasing in 
a distal direction .  Most distal cyele of ten distinctly longer, 
with a length of 2 .0-2 .5  mm. Size of rings increasing 
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towards the distal end, but this gradation may be rather 
diffuse. Primary rings differentiated elearly, particularly 
in interior of conch. Rings asymmetrical with slightly 
prosoeline and prosocyrt axial traces, occasionally almost 
orthoeline, gently convexo-concave or bi-convex in pro
file, with rounded crests and rather distinct hinge lines, 
commonly coinciding with the crestal l ine.  Some rings in 
juvenile part occasionally with rather sharp crests . Proxi
mai slopes always smooth while distal slopes show lirae 
and one or more annulets. Maximum height of distal 
rings ca. 0 . 1 0  mm, height :  basal width about  1 :  l .  

Annulets occupy interspaces and distal slopes o f  rings, 
in proximal part 5-1 0 in each interspace, but the number 
decreasing to 3 or 4 per interspace distally. Proximal 
rings generally with only one annulet far down on the 
distal slope .  As new rings form, the position of this 
ann ulet changes gradually to successively higher and new 
annulets are added . Annulets mostly well spaced .  Spacing 
in proximal part 0 . 1 5-0 .20  mm, slightly less distally, 
0 .06-0 . 1 0  mm. Annulets elearly asymmetrical with a 
prosocline and slightly prosocyrt attitude. 

Distinct lirae along entire conch, crossing crests of 
annulets, occurring on the distal slopes of rings almost up 
to the hinge line. Density of  lirae 8-9 per O . l mm in the 
proximal part and 5-6 per O . l mm distally. 

Prima ry interspaces flat or somewhat concave, distally 
commonly sloping distinctly inwards at l _2 °  to the long 
axis, more proximally sloping inwards or being parallei to 
long axis. Tertiary interspaces always clearly concave. 

Proximal septal region :  septa well spaced , compara
tively few and occupying the very proximal part. I n  
specimens sectioned, the last septurn is developed a t  an 
outer conch diameter of 0 . 24-0 .30  mm. However, these 
specimens probably do not represent fully adult indi
viduals. Septa generally rather thin and uniform except 
for the last one, which is thicker. Last septurn occasionally 
asymmetrical while proximal septa are mainly symmetri
cal. Free parts of septa straight or concave, and mostly 
perpendicular to long axis although slightly oblique septa 
have been observed in a few specimens. M ural parts of 
the septa persistent. 

Living chamber symmetrical, long and conical. Proxi
mai end generally blunt. Internal wall surface irregular, 
especially in distal part because of incompletely filled 
annular concavities. Concavities generally paralleI with 
external shape of rings. Annular shelves rounded and 
prosoeline. Because the interspaces slope inwards, the 
living chamber is slightly wider immediately after than 
before the rings. 

No pseudopuncta observed. Primary shell easily dis
tinguished from secondary shell proximally, but gener
ally more difficult to differentiate distally. Thickness of 
primary shel l  rather uniform, 0 .03-0 . 04 mm.  

Remarks. - Odessites geretiensis is characterized by the 
slender shape of the conch and the arrangement of the 
rings, distally into a weakly cyelic pattern and proximally 
widely spaced and separated by interspaces with numer
ous annulets. The proximal ring pattern is rather similar 
to that in Odessites inflatus, but the spacing of the rings is 
generally wider in Odessites geretiensis. The distal ring 



1 06 Kent Larsson 

Fig. 43 . Odessites geretiensis n. sp. B, D, E - Sigvalde I ,  MS 274.  C .  
Skarhult I ,  Sk AM-2 .  O A. Holotype, SMNH X 1 326,  x 1 5 ;  
Gerete I ,  G 73 -54 KL.  O B ,  E .  Longitudinal sections o f  distal 
part, x 65, and of primary ring and annulets, x 300, SMNH X 

pattern in Odessites geretiensis with its slightly inward 
sloping interspaces resembles to some extent that in 
Tentaculites gothemensis. However, the latter speeies gener-
ally has more strongly inward sloping interspaces and the 
shape of the ri ngs is different. 

Hede ( 1 9 1 9b :  1 30)  brie fly described a speeimen from 
Skarhult as Tentaculites cf. ornatus Sowerby. I t  is clear that 
the speeies designated this name agrees in all details with 
Odessites geretiensis. 

Occurrence. - Odessites geretiensis dominates samples from 

1 337 ; O C .  Longitudinal section of septal region, SMNH X 
134 1 ,  x 1 50 .  O D. Lateral view of primary interspace, SMN H X 
1 336 ,  x 1 2 5 .  

Table 2 1 .  Odessites geretiensis n.  s p .  (dimensions in mm).  

Spee.  No. DEEC ODID OPRD ODLS PA 

SMNH X 1 326 1 1 . 26 0.99 0 . 1 0  5 . 5 0 

(holotype) 
SMNH X 1327  7 .44 0 .87 0 .20 6 .5 0 

SMNH X 1328  9 .94 0 .7 1 0. 1 6  5 . 5 0 

SMNH X 1329  8 . 9 1  0 .7 1 0 .20 5 0 

SMNH X 1330  1 1 .68 0 .75  0 .20 50 

SMNH X 1338  6 .22 0 .5 1 0 . 1 6  0 .24 
SMNH X 1 344 8 .7 1 0 .75  0 .26 0 .30 7 0 



the Gerete area in the north western part 'of the Hemse 
Beds.  I t  is distributed also to the northeast, in the 
Ostergarn area. A questionable occurrence at Kullands l 

suggests that it extends from the base of the Hemse Beds 
in their central area. That it ranges up  to the upper part 
of the Hemse Beds is suggested by occurrence at 
Sandarve l ,  Livide l and possibly Rangsarve l .  However, 
the number of adequately preserved specimens from 
these three localities is toa low to confirm this youngest 
occurrence. I t  has not been encountered in samples from 
the southeasern part of the Hemse Beds .  In Scania, it has 
on ly been found at Skarhult in the middle part of the 
Colonus Shale. 

Odessites inflatus n .  sp. 
Fig. 44. 

Derivation of name. - Latin inflatus, swollen, referring to 
the distal primary rings. 

Holotype. - SMNH No. X 1 36 1 ,  Fig. 44A. 

Type strata. - Hemse Beds, uppermost part (sample G 
73-49 KL) .  

Type locality. - Gogs l ,  Gotland. 

Material. - From the type locality 3 5  specimens, from 
additional localities in the Hemse Beds about 400 speci
mens. 

Diagnosis. - Medium sized, narrow Odessites, proximal 
part expanding at 4-6°, distal part at 2_3 °. Primary rings 
d istinct except in the early adult part, increasing gradu
ally in size and spacing towards the distal end. Distal 
primary rings large and very prominent, bi-convex with 
rounded crests. Secondary rings within each cyele mostly 
of one size, regularly spaced. Proximal part divided into 
camerae by numerous septa. I nternal wall surface with 
very prominent annular shelves in the rings. Few 
pseudopuncta. 

Description. - Conch slender, expanding at a proximal 
growth angle of 4-6°, the rate of expansion in many 
specimens being maintained the same along the entire 
conch, but slight decrease to 2-3 °  also being com mon. 
The change occurs at an outer conch diameter of ca. 
0 .45-0 .50  mm. Conch straight except for the very proxi
mai part, showing slight curvature, medium sized with an 
estimated full iength in adult specimens of 1 2-1 5 mm. 

Initial chamber bilaterally symmetrical with a slightly 
oval outline if viewed perpendicular to the sagittal plane, 
triangular if viewed along this plane. Twa distinct, obli
que rings occur on the chamber. Chamber elearly disting
uished from juvenile part by a slight decrease in outer 
conch diameter, commonly to 0 .07-0 .08 mm. Length of 
initial chamber ca. 0 . 1 5  mm. 

Aperture perpendicular to long axis .  Outer distal 
conch diameter in mature specimens 0 . 90-1 . 1 0  mm. 
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Whole conch ornamented with rings of various orders 
in a distinctly cyelic pattern. All rings behind initial 
chamber perpendicular to long axis of conch. Annulation 
inelude distinct primary rings and secondary rings of 
essentially one size. Primary rings regularly spaced, in
creasing gradually in size and spacing towards the distal 
end. Early adult part of ten showing a less elearly rhyth
mical development of rings and with rings of one size and 
regularly spaced . First primary ring developed early in 
the juvenile part at an outer conch diameter of 0 . 1 5  mm, 
i .e .  ca .  0 .40 mm behind the initial chamber. Primary rings 
particularly prominent in d istal conch, proximal spacing 
0 . 25-0.40 mm, distal spacing generally 1 .40-2 .50  mm.  In 
particularly large specimens,  the two most distal rings 
may be 2 .80-3 .00 mm apart. Numerous secondary rings 

·occurring between primary rings. Each primary inter-
space with 3-5 secondary rings in early juvenile part. 
More distally this number increases to 5-7 rings while the 
most distal primary interspaces generally have 4 or 5 
regularly spaced secondary rings which maintain one size 
across the interspace. In the juvenile part a gradual slight 
increase in s ize is common. Interspace somewhat wider 
between the primary ring and the first secondary ring of 
the next cyele than the additional secondary interspaces 
of the cyele. Difference in width is small, however, and in 
many cyeles no difference is noticed .  Some specimens 
which have widely spaced primary rings at the distal end, 
shows an irregular spacing of the secondary rings. 

Juvenile and early adult rings slightly asymmetrical, 
axial trace faintly prosoeline and prosocyrt elose to hinge 
line, inwards rapidly becoming orthoeline and straight. 
Profile of rings convex-concave. H inge lines generally 
distal to the crestal lines , in early rings sharp in section but 
gradually becoming more rounded. Height of primary 
rings in juvenile part up to the level of last septurn 
0 .02-0 .05 mm. Secondary rings reach about half that 
height. Height:  basal width for both rings l :  l .  Primary 
rings of adult part of conch very prominent symmetrical 
and showing hemisphaerical outermost laminae. This 
lamination disappears inwards and an opisthocline, 
straight axial trace may be distinguished. Pro file of 
primary rings bi-convex, crests gently rounded. Proximal 
slopes smooth while distal slopes show annulets and lirae . 
Height of d istal primary rings 0 . 25-0 .30  mm and height: 
basal width l :  0 .7-0 . 8 .  

Secondary interspaces and  distal slopes of  rings with 
annulets in proximal part of conch, occasionally difficult 
to distinguish from the comparatively small secondary 
rings. There is commonly a gradual transition in each 
cyele between the two types of rings . No annulets occur
ring on the slopes of the rings in the proximal part. In  
early distal part none, one, or occasionally two annulets in 
each secondary interspace may occur. When only ane 
ann ulet occurs, it is commonly elose to the crestal line of 
the ring.  Number of annulets increasing towards the 
distal end where there may be 5 or 6 in each interspace 
and the same number on the distal slopes of the primary 
rings. Spacing of annulets regular. Annulets generally 
prosaeline but opisthocyrt in section. Curvature more 
pronounced elose to the distal end. H eight of distal 
annulets 0 .03-0 .04 mm. 
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Table 22. Odessites inflatus n. sp.  (dimensions in mm).  

Spee.  No. DEEC 

SMNH X 1 3 6 1  1 3 .70 
(holotype) 
SMNH X 1 345 8 .79 
SMNH X 1 350 9 .70 
SMNH X 1 3 5 1 1 2 .28 
SMNH X 1 352 8 . 5 1 
SMNH X 1 353 9.54 
SMNH X 1 359 6.53 
SMNH X 1 360 8 .47 
SMNH X 1 363 9.90 
SMNH X 1 368 5 . 1 5  

Secondary and tertiary interspaces elearly concave, the 
former sloping inwards by up to 1 0- 1 2 °  to long axis 
towards distal end. 

Tertiary interspaces with comparatively weak Iirae, 
occasionally as faint traces immediately proximal to hinge 
lines of rings. Lirae very low arid occurring at 6-7 per O . l 

mm. 
Proximal septal region with numerous, frequently 1 2-

20 ,  septa. Last septurn generally forrned at an outer 
conch diameter in mature speeimens of 0 .3 5--0.40 mm. 
Septa regularly spaced, 0 .40-0 . 55  mm apart. Free parts 
concave and perpendicular to long axis. Accretion zone 
forrned by last 6-8 septa because of their thickened mural 
parts, 2 . 2 0-3 . 1 5  mm long. Thickening of mural parts 
occasionally completely fills camerae and endoconic septa 
with steeply dipping, long mural part form. 

Living chamber conical and e1ongate, distally 
approaching subcylindrical in shape, proximal end vary
ing in shape depending on type of septa, either being 
distinctly conical with a pointed end, or blunt with a 
rounded end. I nternal wall surface proximally rather 
smooth, distally strongly irre gular because of well de
veloped annular shelves and only incompletely filled 
annular concavities. Primary rings with very thick ac
cumulations of lamellae, particularly on inner sides of 
proximal Iimbs. Annular shelves mostly at the crests of 
the rings. Secondary rings with distinct annular shelves 
proximal in rings and always prosoeline. Inward sloping 
of interspaces reflected on inner side of conch wall . 

Primary and secondary shells generally easy to disting
uish. Distal ri ngs with some poorly developed 
pseudopuncta. Thickness of primary shell 0 .0 1 --0 .02 mm 
proximally and ca. 0 .05 mm distally, secondary shell 
increasing considerably total thickness of conch wall, 
particularly in proximal part. 

Fig. 44 .  Odessites inflatus n.  sp. D A. Holotype, SMNH X 1 36 1 ,  
x 1 0 ;  Gogs I ,  G 73 -49 KL. D B . SGV type collection ,  x 1 0 ;  Nyan 
3, unnumbered SGV sample. D C .  Juvenile part with initial 
chamber, SMNH X 1 664, x 40; Hagvide 3, Got 76- 1 0  SB. D D. 
Lateral view of distal primary and secondary rings, SMNH X 
1 37 1 ,  x 7 5 ;  Botvide I ,  MS 2 1 8 .  D E. Longitudinal section of 
almost complete speeimen, SMNH X 1 3 7 7 ,  x 1 0 ;  Lunnarna I ,  
Lu 73 - 1  KL. D F .  Longitudinal section of distal conch wall with 
aperture, SMNH X 1 369, x 7 5 ;  Fie I ,  MS 76. D G. Longitudinal 
section of septal region, SMNH X 1 368,  x 1 50 ;  Tjangdarve I ,  
M S  26 1 .  

ODID OPRD ODLS TNCY WLCY PA 

1 .07 0 . 1 2  1 3  2 . 1 4  4 °  

0 .67 0 .20 7 1 . 70 4 °  
0 . 79  0 . 1 4  I I  1 . 56 5° 
0 .75  0 . 1 2  1 0  1 .82 5° 
0 .7 1 0 .26 0 .32 8 1 .92 5 . 5 °  
0 .67 0 . 1 4  0 .36 7 1 .90 6° 
0 .6 1 0 .28 0 .34 6 1 .46 
0 .69 0 .26 0 .4 1 4 2 .22  
0 .79  0 . 1 8  1 3  1 .23 4° 
0 .55 0 .24 0 .30 4 .5°  

Remarks. - Odessites injlatus i s  characterized by the strongly 
inflated, distal primary rings and by the diffuse cyelic 
pattern in the early adult part of the conch. There is 
some variation in the size of the secondary rings within 
each cyele, especially in the juvenile part of the conch . 
Thus, a gradual slight increase in size among these rings 
is not uncommon. The prima ry rings may be less distinct 
in the juvenile part of some specimens. The characteristic 
ring pattern and the nature of the primary rings disting
uish this from all other Odessites species on Gotland and in 
Scania. 

Occurrence. - Odessites injlatus is a com mon species in  the 
Hemse Beds, from the Hemse Mari, southeastern part up 
to Hemse/Eke boundary. It has never been found above 
the latter. In northeastern Gotland its first occurrence is 
in unit d of the Hemse Beds and it becomes the dominant 
species at the top of the Hemse Beds at e.g. Gogs l ,  

Botvide l ,  Nyan 2 and Gannor l .  I n  Scania it is confined 
to the Oved-Ramsåsa Beds, in the lower part of unit l a. It 
is the dominant species at Lunnarna and is rather com
mon at Bjarsjolagård where it was found between 52 .60-
95 .72  m in the bore hole Bjarsjolagårdborrningen l .  In  
the canal a t  Bjarsjolagård l it occurs in beds of the older 
Hindeodella steinhornensis scanica fauna sensu Jeppsson 
( 1 974)  (samples KL 67-3 1 & -32 LJ) .  The species occurs 
in equivalent beds in the Klinta and Ramsåsa areas. 

Odessites lauensis n .  sp.  
Figs .  1 7C ,  23C,  45 .  

Derivation of name. - Latin Lauensis, inhabitant of Lau,  
referring to the location of  the type locality in the parish 
of Lau, Gotland. 

Holotype. - SMNH No. X 1 4 1 1 , Fig. 45A.  

Type strata. - Eke Beds ,  upper part (sample MS 40) .  

Type locality. - Lau Backar l ,  Gotland. 

Material. - From the type locality 1 8 5  s pecimens ,  from 
additional localities in the Eke Beds,  7 speeimens.  
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Fig. 45. Odessites lauensis n. sp. A. Lau Backar I ,  MS 4 0 .  B, F. Lau 
Backar I ,  MS S l .  C, E, G. Lau Backar I ,  MS 4 S 6 .  D. Lau Backar 
I ,  MS 490. D A. Holotype, SMN H X 1 4 1 1 ,  x 2S. D B . Longitudi
nal section of primary ring, SMNH X 1 4 0 9 ,  x I SO .  O C. 
Speeimen showing distal ring pattern, SMNH X 1 4 1 3 ,  x 2S. O 

D. Speeimen showing a different ring pattern, SMNH X 1 4 1 S ,  
x 2 S .  O E .  Lateral view o f  primary ring and adjacent secondary 
ring, SMNH X 1 4 0 S ,  x 7 S .  O F.  Longitudinal section of last 
primary ring and aperture, SMNH X 1 4 0 9 ,  x 7 S .  O G.  Lon
gitudinal section of septal region, SMNH X 1 4 0 6 ,  x 7 S .  



Table 23 . Odessites lauensis n. sp. (dimensions in mm).  

Spee. No. DEEC ODm OPRD ODLS PA 

SMNH X 14 1 1  5 .98 0 .87 0 .47 
(holotype) 
SMNH X 1406 4 .95 0 .55 0 . 1 0  0 .53 6 . 5 °  
SMNH X 1 4 1 0  3 .76 0 .6 1 0 .40 0 .57 
SMNH X 1 4 1 3  4 . 1 6  0 .79  0 .53 
SMNH X 1 4 1 5  4 .55  0 .83 0 .6 1 
SMNH X 1 4 1 6  2 .45 0 .4 1 0 . 1 2  6° 
SMNH X 1 4 1 8  2 .73  0.44 0 . 1 2  7 °  

Diagnosis. - Straight Odessites o f  medium size, proximal 
part expanding at 5-6 . 5° ,  distal part subcylindrical. Prox-

. imal annulation of regularly spaced rings, separated 
initially by smooth concave interspaces but more distally 
with one annulet in each interspace . Distal annulation of 
wide!y spaced, asymmetrical primary rings with 4 or 5 
secondary rings in each primary interspace . Few an
nulets. Proximal part with free, strongly irregular septa. 
Living chamber with mostly smooth inner wall surface , 
on ly slightly irregular distally. Few pseudopuncta. 

Description. - Conch straight, proximal part expanding at 
5--6 .5 °, distal part becoming more or less subcylindrical. 
Conch of medium size, estimated length 1 1 - 1 4  mm. 
Initial chamber unknown. Minimum outer proximal 
diameter 0 . 1 0  mm, distal outer diameter usually 0 .80-
0 .85  mm. Aperture perpendicular to long axis. 

Ornamentation with two types of ring patterns, both 
perpendicular to long axis. Proximally, up to a conch 
diameter of ca. 0.45-0 .55  mm, annulation of rings in
creasing gradually in size and spacing in a distal direc
tion .  Most proximal rings separated by smooth inter
spaces ,  more distally, in the juvenile part, one or, occa
sionally, two annulets occur in interspaces .  First annulets 
generally appearing at an outer conch diameter of ca. 
0 .25  mm. Density of rings 8 per mm proximally, 5--6 per 
mm in the region of the last septurn.  Second ring pattern 
cyelic primary rings spaced at intervals of 1 . 20- 1 . 35  mm, 
rings increasing somewhat in size towards distal end .  
Between primary rings 4 or 5 regularly spaced secondary 
ri ngs, generally somewhat distal within each cyele, pro
ducing a longer secondary interspace between primary 
ring and next secondary ring. Secondary rings of equal 
size, mostly alternate with one ann ulet, occasionally 3-5 
annulets, especially in the most distal part of the conch. 
When there is on ly one annulet, it lies in the proximal 
half of each secondary interspace . Early part of distal 
ring pattern commonly varying; with weakly developed 
primary rings occasionally being difficult to distinguish 
from secondary rings. Thus, the ring pattern consists of 
secondary rings alternating regularly with annulets. This 
pattern may extend up to a conch diameter of 0 .75  mm. 

Primary rings asymmetrical displaying opisthocline 
and slightly opisthocyrt axial traces. Hinge line occasion
ally proximal to crest. Many rings with diffuse axial trace 
in the outer part of the ring occasionally vanishing 
completely because of hemispherical outermost laminae. 
Hinge line mostly elearly marked, crest gently rounded. 

Silurian tentaculitids from Gotland and Scania I I I  

Profile of rings almost bi-convex, convexity of the two 
slopes different, proximal slope having a stronger con
vexity while distal slope is flatter and frequently con
cealed by coarse annulets .  Proximal slopes always 
smooth. Height of distal primary rings 0 . 1 4-0 . 1 8  mm, 
height :  basal width about 1 :  2 .  

Secondary rings asymmetrical, becoming gradually 
more pronouncedly so in the distal part. Proximal rings 
low, displaying a convexo-concave profile with a sharp 
hinge line slightly distal to crestal line. Distal secondary 
rings distinctly convexo-concave with marked hinge lines 
forming the crestal lines of the rings. Rings with pro
soeline, prosocyrt axial traces in the innermost part of the 
rings becoming almost perpendicular to long axis. Height 
of rings 0.07 mm elose to distal part of conch. Proximal 
side always smooth, distal slope with one annulet in 
transition between ring slope and next interspace. 

Annulets appearing in secondary interspaces extend
ing onto distal slopes of rings, on primary rings almost up 
to their crestal l ine .  Annulets generally having a prosoeline 
and prosocyrt attitude occasionally orthoeline and 
straight. Some specimens even with opisthocyrt annulets 
at the extreme distal end. These annulets appear coarser 
and blunter than the earlier annulets, which are thin and 
very acute .  Height of annulets ca. 0.02 mm proximally 
and 0 .05-0 .07  mm distally. 

Whole conch with distinct lirae, occurring in tertiary 
interspaces, crossing annulets but not the rings. Lirae 
occurring only on distal slopes. Spacing of lirae 5--6 per 
O . l mm. 

Secondary interspaces generally flat  or weakly concave, 
tertiary interspaces always distinctly concave. 

Proximal septal region with free septa spaced well 
apart, at intervals of 0.45-0 .60 mm, last septurn occur
ring at an outer conch diameter in  adult specimens of 
0 .55-0 .60 mm. Total num ber of septa unknown, but is 
estimated at about 1 0- 1 2 .  Septa mostly oblique, free parts 
concave and irregular. Each septurn having the same 
shape and attitude as the one before. Mural parts com
paratively long. 

Living chamber subcylindrical with an obtuse and wide 
proximal end. Wall surface comparative!y smooth, with 
minor annular concavities distally. Concavities asym
metrical with steep proximal sides and gently sloping 
distal sides, annular shelves  narrow. Proximal limbs of 
primary rings greatly thickened and annular shelves 
approximately at the leve! of the crests of the rings. 
Annular she!ves far proximal in secondary rings. 

Proximal limbs of rings exhibiting few,  rather poorly 
developed pseudopuncta. Traces of pseudopuncta occa
sionally seen in distal l imbs. Thickness of primary shell 
0.02-0 .03  mm in the septal region and 0 .05-0 .06 mm 
distally. Thickness of proximal secondary shell about the 
same as that of primary shell, but distally half or less of 
the thickness. 

Remarks. - Odessites lauensis is characterized mainly by its 
distal ring pattern and the strongly asymmetrical septa. 
The distal ring pattern has some resemblance to that of 
Odessites prolatus but the latter species has wider primary 
interspaces and more annulets in the secondary inter-
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spaces .  In ternally there are great differences in the septal 
arrangement, Odessites lauensis having septa with much 
thinner mural parts and more irregular free parts. 

Odessites lauensis shows some variation in the size of the 
primary rings in the distal ring pattern. The number of 
annulets in the secondary interspaces may vary from one 
to severaI. 

Occurrence. - Odessites lauensis is typical of the upper Eke 
Beds where it seems especially abundant in the Rhizophyl
lum MarI. Some proximal parts which are tentatively 
referred to this species have been found in the lowermost 
B urgsvik Beds at Glasskar 1 .  Questionable specimens 
have been found at Petsarve l ,  so it is possible that the 
species appears in the middle Eke Beds .  

Odessites lebiensis (Zagora 1 972) 
Figs. l l H-J ,  46 .  

Synonymy. - D Tentaculites tenuis Sowerby-Moberg & 
Gronwall ( 1 909 : 46 ,  PI .  2 :  2a-b) .  D Tentaculites lebiensis n .  
sp .  - Zagora ( 1 97 2 :  1 1 96-1 1 99 ,  Figs. 1 -9 ) .  D Tentaculites 
lebiensis Zagora , 1 972 - Hajtasz ( 1 974 : 476 ,  PI .  I l : 8 ) .  

Holotype. - Specimen in Zagora ( 1 97 2 ,  Fig. 2 ) .  

Type stratum. - Borehole Leba l ,  depth 686.4 m (i .e .  the 
zone with Neobeyrichia incerta and Acastella prima, sensu 
Tomczykowa & Witwicka ( 1 974) .  

Type locality. - Borehole Leba l ,  at Leba, North Poland. 

Material. - About 95 specimens from the Oved-Ramsåsa 
Beds units 3 and 4 sensu Gronwall ( 1 897 ) .  

Diagnosis (emended). - Narrow Odessites with a proximal 
growth angle of 5-8 . 5 °, distal growth angle 2-4 °. Conch 
straight, proximal part occasionally with slight curvature. 
Primary rings widely spaced, alternating with groups 
proximally of 2-8 secondary rings, distally of 3 or 4 .  
Secondary rings o f  equal size o r  size gradually increasing 
within each cyele. Annulets . numerous in  secondary in
terspaces and on distal slopes of the primary rings, 
cuspate and separated by concave interspaces. Proximal 
part with free, asymmetrical septa, distally an accretion 
zone. Living chamber with slightly irregular inner wall 
surface . Pseudopuncta not developed.  

Table 24. Odessites lebiensis (Zagora) (dimensions in mm).  

Spee. No.  DEEC ODID OPRD OD FR 

SMNH X 1623 8 .80 0 .76 0 .20 0.44 
SMNH X 1 627 6 .88 0 .72 0 . 1 8  0 .64 
SMNH X 1 630 7 .40  0 .84  0 .24  0.56 

. SMNH X 1637  10 .52  0 .92  0 .24  0.40 
SMNH X 1638  10 .36  0 .80  0 .26  0 .44 
SMNH Mo. 4769 1 1 . 80 0 .88  0 . 1 6  0.40 
LO 4886 t 7 . 52 0 .92 0. 1 2  0 .36  
seu Te 15  6.96 0.72 0 . 1 8  0 .56 

ODLS 

0 .36 
0 .48 

Description. - Conch slender, proximal part expanding at 
5-8 .5 °, distal part at 2-4°. Conch straight except for the 
very proximal part which may be slightly curved. Length 
of fully adult specimens 1 1 - 1 3  mm.  I nitial chamber 
unknown. Minimum outer proximal diameter 0 . 1 2  mm, 
outer distal diameter in fully adult specimens 0 .90-0 . 95 
mm. Aperture perpendicular to long axis. 

Annulation perpendicular to long axis consisting of 
primary and secondary rings arranged in a rhythmic 
pattern. Most proximally annulation comprising only one 
type of rings, gradually increasing in size and spacing 
towards the first primary and generally forrned at an 
outer conch diameter of 0 .40-0 .55  mm, occasionally of 
0.65 mm. Rings immediately before the first primary ring 
commonly somewhat larger than those before. Density of 
rings immediately before the first primary ring 1 0- 1 4  per 
mm. Rings low and symmetrical with a bi-convex profile. 
Total length of juvenile conch up to the first primary ring 
up  to 4 mm. 

Primary rings of distal r ing pattern occurring at reg
ular intervals. First two rings usually 1 . 1 0- 1 . 30  mm apart, 
but spacing may be smaller, 0 .90-1 .00  mm, or larger, 
1 .60- 1 .80  mm, most distal primary rings occurring ca. 
1 .60-1 .90 mm apart. Primary interspaces proximally with 
2-8 secondary ri ngs, distally 3 or 4. Rings commonly 
equal in size but occasionally showing a gradual distal 
increase in size within each cyele. Numerous,  regularly 
spaced annulets occurring between rings and on distal 
slopes of the primary rings. Number of annulets on the 
latter, 2-3 .  

Primary rings sl ightly asymmetrical with an 
opisthoeline attitude, axial traces somewhat opisthoeline 
and straight, vanishing towards the crest of the rings 
because the laminae there are hemispherical. No hinge 
line developed. Profile of rings bi-convex with rounded 
or somewhat flattened crests, proximal slopes smooth 
while distal slopes have 2 or 3 annulets. Height of the 
most distal rings ca. O . l mm, height: basal width about l :  

2 . 5 .  
Secondary rings attaining an asymmetrical and pro

soeline attitude with prosoeline and prosocyrt axial 
traces. Well defined hinge lines, commonly forming 
crestal lines. Profile of rings convexo-concave. 

Annulets small and symmetrical with a cuspate profile, 
separated by concave interspaces,  secondary interspaces 
also con ca ve. 

The material available has not permitted lirae to be 
studied because most conchs have abraded surfaces .  

WFCY WLCY PA 

1 .24 1 .80 8°  
1 .60 1 .60 7° 
1 . 28 1 . 36 7°  
1 .20 1 .80 5°  
1 . 1 2  1 . 28 6° 
0 .96 1 .32  5°  
1 . 1 2  1 . 52 6° 
1 .80  1 .64 7°  



Fig. 46.  Odessites lebiensis (Zagora) .  O A. Almost complete speei
men, SMNH Mo. 4769, x 1 0 ;  "Ramsåsa" , u nnumbered SMNH 
sample. O B .  LO 4886t, x 10 ;  Ramsåsa l ,  unnumbered PDL 

However, there is  no reason to believe that lirae are 
missmg. 

Proximal septal region with asymmetricat septa, occur
ring at intervals of 0 . 1 0-0 .20  mm and occasionally spaced 
rather irregularly. The most distal 5-7 septa form an 
accretion zone, of ten with a length of 1 .60-2 .00 mm. Last 
septurn occurring at an outer diameter of 0 .45-0 .50  mm. 
Free parts of septa concave occurring either perpendicu
lar or oblique to long axis, mural parts strongly asym
metrical . 

Living chamber slightly conical and having an asym
metrical proximal part. I nternal wall surface slightly 
irre gular with shallow, somewhat asymmetrical annular 

8 -Larsson 
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sample. O C, D. Longitudinal sections of prima ry ring, x 300,  
and of living chamber with preserved functional aperture, x 60, 
SMNH X 1 689 ;  Ramsåsa 6 ,  Ra 7 1 - 1  KL. 

concavities in  primary rings. Concavities slightly distal to 
crests of .rings, annular shelves narrow and prosoeline. 

Primary and secondary shells easily distinguished. No 
pseudopuncta found. Thickness of primary shell ca. 
0 .02-0.03 mm proximally and 0 .04-0 .05 mm distally. 

Remarks. - Odessites lebiensis i s  recognized by the numerous 
secondary rings of the early cyeles and by the slow 
increase in size of these rings within each cyele. Com
monly, the most distal secondary ring within each cyele is 
very elose in size to the next primary ring. 

The proximal ring pattern may sometimes be difficult 
to distinguish from that of Lonchidium groenwalli. The 
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Table 25. Odessites majstriensis n. sp. (dimensions in nm) .  

Spee. No.  DEEC ODm OPRD OD FR 

SMNH X 1 565 1 6 . 1 6  0 .83 0 . 1 0  0 .32  
(holotype) 
SMNH X 1 563 1 1 .96 0 .67 0 . 1 0  0 .26 
SMNH X 1 564 9.98 0 .67 0 . 1 2  0 .36 
SMNH X 1 566 9.42 0 .55  0 .08  0 . 1 6  
S M N H  X 1 568 8 .00 0 .5 1 0 . 1 0  0 .26 
SMNH X 1 569 1 2 .36 0 .68 0 . 1 0  0 .26 
SMNH X 1 570 9.98 0.55 0 . 1 6  0 .28  

latter species develops coarse secondary rings Im
mediately before the first primary ring and has many 
secondary rings in the first primary interspaces. How
ever, the distal ring patterns of the two species are very 
different. 

Occurrence. - Zagora ( 1 972 )  described Odessites lebiensis 
from the bore hole Leba 1 at Leba, northern Poland, 
from the interval 665-7 1 2  m.  This, according to Tom
czykowa & Witwicka ( 1 974 ) ,  corresponds to the zone with 
Neobeyrichia incerta and Acastella prima in  the Podlasie 
Beds. Zagora ( 1 972 : 1 1 97-1 1 98 )  pointed out that the 
species does not occur on Gotland nor in the Beyrichien
kalk proper. The present . study corroborates this state
ment. The species has only been found in the uppermost 
two units, 3 and 4,  of the Oved-Ramsåsa Beds of Scania. 
I t  is particularly abundant in the lowermost part of unit 
3,  e.g. at Skartofta and Vrangelsborg in  the grey horizons 
of the Oved-Ramsåsa Beds .  In the bore hole 

. 
Bjar

sjolagårdborrningen 2, i t  occurs at 5 .58  m, which is  about 
5 meters above the unfossiliferous yellow sandstone, unit 
2, of the Oved-Ramsåsa Beds. 

Odessites majstriensis n .  sp. 
Figs . 1 I A-B , 1 8D ,  47 .  

Derivation of name. - Latin Majstriensis, from Majstre , 
referring to the type local ity for the species. 

Holotype. - SMNH No. X 1 565 ,  Fig. 47A.  

Type stmta. - Hamra Beds, uni t  b (sample G 73-7 1 KL). 

Type locality. - Majstre l ,  Gotland. 

Material. - From the type locality 80  specimens, from 
other localities in the Hamra Beds 1 95 specimens;  from 
localities in the Sundre Beds about 1 50 specimens. 

Diagnosis. - Narrow, slender Odessites, proximal part ex
panding at 4_5 °, distal part subcylindrical. Conch of 
medium size . Surface of conch ornamented with reg
ularly spaced primary rings separated by 3-5 secondary 
rings about of one size. Annulets absent proximally, in 
the early distal cydes one ann ulet per secondary inter
space, more distally 2-4 . Secondary and tertiary inter
spaces dearly concave. Lirae very distinct. Living chamber 

ODLS WLCY PA 

1 .35  4 0 

2 .26  4 . 5 0 

1 .90 50 

0 .26 1 . 86 40 

0 .28 1 . 39  4 .5 0 

2 .06 5 0 

0 .30 1 . 78 5 0 

long and subcylindrical. I nternal wall surface slightly 
irregular. No pseudopuncta. 

Description. - Conch very narrow and slender, proximal 
part expanding at 4_5 °, distal part subcylindrical. Change 
of growth angle occurring gradually. Conch straight 
except for the very early proximal part which commonly 
shows slight curvature. Fully adult specimens reaching a 
length of 1 6-1 7 mm. Initial chamber dearly bilateral 
symmetrical. Long axis of chamber deviates distinctly 
from the axis of the juvenile part. Apical end obtuse . 
Surface of initial chamber with two obl ique, widely 
spaced rings, interior unknown. Diameter of wide end 
0 . 1 0  mm. No constriction between initial chamber and 
juvenile part. Length of chamber 0 . 25  mm. 

Aperture perpendicular to  long axis. Outer distal 
diameter in fully adult specimens 0 .80-0 .85  mm. 

Conch covered by rings and annulets arranged in a 
cydic pattern. Extreme proximal part having rings of one 
size bm gradually increasing in size and spacing in a distal 
direction.  The 2 or 3 rings immediately after the initial 
chamber looking similar to the two embryonic rings of 
the chamber. Spacing of these 2 or 3 rings wider than for 
the rings following. Former rings initially showing some 
obliquity but change and become perpendicular. Density 
of early juvenile rings 25-3 0 per mm,  decreasing gradu
ally to 1 0- 1 2 rings per mm immediately before the first 
primary ring. J uvenile rings asymmetrical with faint 
prosocyrt axial traces. Profile convexo-concave, hinge 
line sharp , forming the crestal l ine of the ring. 

Main part of conch having rings arranged in a dis
tinctly cydic pattern. Primary rings occurring at increas
ingly wider intervals towards distal end. Fully adult 
specimens with I l  or 1 2  primary rings separated by 3-5 
secondary rings and a variable number of annulets. 
Spacing of primary rings initially increasing gradually 
from 0 .50-0 .90 mm to l . 50-2 .30  mm, most distally 
becoming fairly uniform at l . 3 5- l . 50  mm. First primary 
ring appears at an outer conch diameter of 0 .24-0 . 3 5  

Fig. 4 7 .  Odessites majstriensis n.  s p .  A ,  B ,  C ,  D ,  G,  H ,  l .  Majstre I ,  G 
73-7 1 KL.  E, F. Kattelviken 4, MS 788 .  D A. Holotype, SMNH X 
1 565 ,  x 1 0 .  D B . Young individual, SMNH X 1 564 , x 1 0 .  O C .  
Longitudinal section of alm os t  complete speeimen, SMNH X 
1 566, x 1 0 .  O D. Lateral view of juvenile part and i nitial 
chamber, SMNH X 1 575 ,  x 50. D E, F .  Lateral view of primary 
and secondary rings, x 1 00 ,  and detail of lirae, x 600, SMNH X 
1 575 .  O G, H ,  I. Longitudinal sections of distal conch wall, 
x 1 20 ,  of primary and secondary rings, x 1 50 ,  and of septal 
region, x 250 ,  SMNH X 1 57 1 .  
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mm, occasionally already by a diameter of 0 . 1 6  mm. 
Primary rings sl ightly asymmetrical . Outermost laminae 
almost hemispherical, axial trace diffuse. Proximal slopes 
of rings rounded passing into a rounded crest. Hinge line 
distinct, occurring distal to crestal l ine.  Distal slopes 
slightly concave or flat. Height of most distal priamry 
rings 0 . 1 2-0 . 1 4  mm, height: pasal width about l :  2 .  

Secondary rings occupying primary interspaces,  in
itially 4 or 5, more distally 2-5 rings per interspace . 
Secondary rings of two first primary interspaces gener
ally slimmer than subsequent rings. Often ,  these inter
spaces entirely lack annulets .  Secondary rings distinct and 
regularly spaced between primary rings from the third 
interspace, or at a conch diameter of ca. 0 .34--0 .35  mm. 
Secondary interspace immediately after primary ring 
of ten wider than those between subsequent secondary 
rings. Up to a conch diameter of ca. 0 .60 mm there is 
always only one ann ulet between secondary rings .  Subse
quently, normally 2-4 ,  occasionally 7 or 8, annulets occur 
in  each secondary inters pace. Secondary rings clearly 
asymmetrical with slightly prosocyrt axial traces. Profile 
convexo-concave, crests rounded. H inge line well de
fined, sometimes forming the crest of the ring but 
normally occurring distal to crest. 

Annulets clearly prosocyrt having wide bases and thin, 
sharp crests, occurring in secondary interspaces. A single 
ring also occur far down the distal slope of the primary 
rings. 

Primary interspaces flat, secondary and particularly 
tertiary interspaces con ca ve. 

Lirae well defined in the tertiary interspaces, in the 
secondary interspaces which have no annulets and in the 
crestal furrow on the primary rings . Occasionally, weak 
traces of lirae proximal to the crestal line may be 
observed .  Major part of proximal slopes always without 
lirae. Density of lirae mostly 7-8 per O . l mm. 

Proximal septal region with wel l  spaced septa. Last 
septurn is at a conch diameter of 0 .26-0 .30  mm, in the 
material sectioned. However, the conchs sectioned are all 
relative ly young individuals and the last septurn in fully 
adult specimens should probably be more distal. All septa 
free and thin, occurring at intervals between 0 .30-0 .60 
mm, free parts straight or slightly concave. 

Living chamber long and subcylindrical except for the 
early proximal part which is slightly conical. Internal wall 
surface slightly irregular because of incompletely filled 
annular concavities. Annular shelves of primary rings 
shallow and generally rather central within rings, annular 
concavities consequently shallow and very narrow, of ten 
symmetrical. Secondary rings having comparatively wide 
annular concavities reflecting roughly external shape of 
nngs. 

No pseudopuncta observed .  Proximally primary and 
secondary shells relatively easy to distinguish. Distally 
distinction less obvious. Thickness of primary shell 0 .0 1 -
0 .02 m m  proximally increasing gradually to 0 .03--0 .04 
mm distally. 

Remarks. - Odessites majstriensis is characterized mainly by 
the relative regularity of the rings, the narrow proximal 
part of the conch and slender subcylindrical distal part. 

The distinct lirae and the ornament on the primary rings 
are other significant characters. O. majstriensis shows 
similarities in  the general arrangement of the rings to 
severai other Odessites species on Gotland and in Scania. I t  
differs from O. prolatus in  having a much slenderer 
conch, shorter primary interspaces and thinner rings ; 
from O. lauensis in having shorter primary interspaces 
and different distal slopes of the primary rings. I t  has 
some similarities distally to O. petilus, but has shorter 
primary interspaces and a different arrangement of the 
rings in the juvenile and early adult parts of the conch. 
Compared to O. inflatus it has much thinner rings, 
especially the primary rings which also have different 
d istal slopes. 

The external characters of O. majstriensis show some 
variability, especially in the spacing of the primary rings, 
the position of the first primary ring, the number of 
secondary rings per cycle and the number of annulets per 
secondary interspace . Internally, the variation is less and 
affects only the general shape and position of the septa. 

Occurrence. - Odessites majstriensis occurs in beds from unit 
b of the Hamra Beds up to the basal Sundre Beds .  I t  is the 
dominant species in units b and c of the Hamra Beds.  I t  
has  not  been recorded outside Gotland.  

Odessites petilus D .  sp .  
Figs. 7C ,  48 .  

Derivation of name. - Latin petilus, thin ,  slender, referring 
to the slender nature of the conch. 

Holotype. - SGU type collection, Fig. 48A.  

Type strata. - Oved-Ramsåsa Beds ,  uni t  1 a (level 80 . 1 0-
80 .20 ml.  

Type locality. - Borehole Bjarsjolagårdborrningen l ,  

Scania. 

Material. - From the type locality 20  specimens ,  from 
additional localities in the Oved-Ramsåsa Beds 10 speci
mens. 

Diagnosis. - Narrow, Odessites with a proximal growth 
angle of 2-3 .5 °, distal part subcylindrical . Exterior 
ornamented, proximally with secondary rings separated 
by interspaces without annulets, distally with widely 
spaced primary rings separated by regular secondary 
rings and annulets. Proximal part with numerous septa, 
most distally forming a prominent accretion zone. Living 
chamber long. I nternal wall surface of most of living 
chamber smooth, distally slightly irregular. No 
pseudopuncta. 

Description. - Conch very narrow, proximal part expand
ing at 2-3 . 5 °, distal part more or less subcylindrical. 
Change in growth angle gradual. Conch straight except 
for the extreme proximal end which occasionally shows 
slight curvature, medium sized, fully adult specimens 



Fig. 48. Odessites petilus n. sp. O A. Holotype, seu type collec
tion, x 1 0 ;  Bjarsjolagårdsborrningen l ,  80 . 1 0--80 .20 m. O B .  
Lateral view ofjuvenile part, S M N H  X 1402 ,  x 7 5 ;  Lunnarna 2 ,  
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Lu AM-2 .  O C. Longitudinal section of last septurn, SMNH X 
1 692 ,  x 1 50 ;  Lunnarna I ,  Lu AM- l .  O D. Longitudinal section 
of septal region, SMN H X 140 l ,  x 7 5 ;  sam ple as for B .  

Table 2 6 .  Odessites petilus n.  s p .  (dimensions in mm).  

Spee .  No.  DEEC ODID OPRD ODFR ODLS WLCY PA 

Holotype 1 2 .47 0.79 0 . 1 4  0 .5 1 2 . 53  3 °  
s e u  Te 6 1 3 .78 0 .75  0 . 1 8  0.48 0.48 2 .67 2 . 5 °  
s e u  Te 8 1 1 . 88 0 .75  0 .24  0 .48  2 .30  3 °  
s e u  Te 9 1 2 .43 0 .9 1 0 .20 0 .48 2 .30  3 °  
s e u  T e  1 0  8 .67 0 .55  0 . 1 6  0.48 0.42 1 .96 3 . 5 °  
s e v  Te 1 1  8 . 9 1  0 .67 0 .32 0 .5 1 2 . 53  3 °  
SMNH X 1 398 1 1 .00 0 . 1 0  0 .5 1 0 .44 1 .94 3 °  
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reaching a length of 1 3- 14  mm.  No fully preserved initial 
chamber has been available but, judging from a 
fragmentary specimen, it seems to be conical and pass 
directly into the juvenile part. Minimum proximal outer 
diameter generally 0 . 1 0  mm, outer distal diameter 0 . 75-
0.95 mm. Aperture perpendicular to long axis. 

Conch ornamented with rings and annulets arranged 
in two principal ring patterns. About half the conch, 
including the proximal part and early distal part, has 
secondary rings which increase gradually in size and 
spacing in a distal direction .  Rings separated by inter
spaces entirely lacking annulets . Occasionally, one or two 
larger secondary rings may occur in  this part of the 
conch, particularly the very early portion. Density of 
rings proximally 1 3-1 8 rings per mm, immediately be
fore the first primary ring 7-8 rings per mm. Secondary 
rings asymmetrical with prosocline and siightly prosocyrt 
axial trace. Profile of rings moderately convexo-concave 
with a rounded hinge line forming the crestal line. 

Second ring pattern developed in distal part of conch 
with 2 or 3 widely spaced primary rings separated by 
interspaces having secondary rings and annulets. First 
primary ring generally forrned at a conch diameter of ca. 
0.50 mm. Spacing, between primary rings increasing 
towards distal end 1 . 90-2 .60 mm. Primary rings almost 
symmetrical with opisthocline and prosocyrt axial trace , 
profile bi-convex, crests rounded, proximal slopes mainly 
smooth, while distal slopes have severai annulets. Height 
of most distal primary rings ca. 0.2 mm, height :  basal 
width l :  2. Secondary rings of distal part of conch 
occurring 4-8 , commonly 6 ,  in each primary interspace 
separating primary rings. Secondary rings regularly 
spaced occurring at 4 rings per mm, having an asym
metrical attitude with slightly prosocline and prosocyrt 
axial trace . Profile convexo-concave or convexo-plane, 
crests well defined and rounded . Height of rings in the 
very distal part O . l mm, height: basal width l :  2 .  

Annulets present only in  distal part o f  conch, occurring 
between secondary rings,  in the early distal ring pattern 
only one per secondary interspace, later 2-4 per inter
space, distal slopes of primary rings also having annulets. 
Annulets asymmetrical or slightly asymmetrical with a 
prosocline attitude, height small, 0 .02-0 .03 mm. 

Interspaces generally concave or plane. Slopes of rings 
passing gradually into interspaces. Sometimes there is a 
marked difference of slope when the interspaces are flat. 
Most distal secondary interspaces occasionally sloping 
slightly inward, but normally the walls of the conch in 
section are paralleI . 

Lirae distinct, occupying tertiary interspaces and parts 
of distal and proximal slopes of rings, lirae comparatively 
well spaced, 5-6 per O . l mm. 

Proximal septal region with numerous septa, normally 
1 2- 18  septa, the last one at an outer conch diameter of ca. 
0 .40 mm. Distance from this septurn to the first primary 
ring ca. 1 .90 mm. Septa regularly spaced, generally 
0 .30-0 .40 mm apart. Four or five most distal septa 
considerably thicker than those more proximal and com
monly forming an accretion zone. The latter may be 
composed of 10 septa and has an extension of 5-5 . 5  mm.  
Distal septa of ten  asymmetrical. Free parts of septa 

concave or flat occasionally being oblique, most distal 
septa hav ing rather narrow and rounded free parts, their 
mural parts tapering rapidly. Mural part of last septurn 
of ten extending up to the first primary ring. Proximal 
septa comparatively thin, having straight or concave free 
parts perpendicular to long axis. 

Living chamber straight and narrow, proximal part 
rather conical and occasionally slightly asymmetrical de
pending on the development of last septurn. Internal wall 
surface comparatively smooth along most of the 
chamber, most distally s lightly irregular because of in
completely filled annular concavities. Primary rings hav
ing smooth interiors except for the ring closest to 
aperture which has a wide, well developed annular shelf. 

No pseudopuncta observed. Primary and secondary 
shells easily distinguished. Thickness of primary shell 
0.02 mm proximally, 0 .03-0 .04 mm distally. 

Remarks. - Odessites petilus is characterized by the very 
narrow conch, the arrangement of the rings and the long 
accretion zone. The ring patterns are similar to those of 
Odessites prolatus, but the latter species has a much larger 
conch , denser lirae and more widely spaced septa. 
Besides, the septa of Odessites prolatus very rarely form an 
accretion zone. 

Occurrence. - Odessites petilus occurs in unit l a of the 
Oved-Ramsåsa Beds of Scania. Int he borehole Bjar
sjolagårdborrningen l it occurs in the interval 48 .80-
82 .80  m .  It also occurs in the oldest exposed parts of unit 
la in the ditch at Bjarsjolagård l and in equivalent beds 
at Lunnarna 2 .  

Odessites portensis n .  sp .  
Figs. 8A-B , 23B,  49 .  

Derivation of name. - Latin portus, harbour (Swedish hamn ) ,  
alluding to  the type locality at the harbour Ronehamn. 

Holotype. - SGU type collection, Fig. 49A.  

Type stmta. - Burgsvik Beds,  lowermost part. 

Type locality. - Ronehamn l ,  Gotland . 

Material. - From the type locality 5 specimens, from 
additional localities in the Burgsvik Beds 1 4  specimens, 
from the Eke Beds 58 specimens and from Scania at the 
top of unit l b of the Oved-Ramsåsa Beds 4 specimens.  

Diagnosis. - Medium to large Odessites with straight, nar
row conch, proximal part expanding at 5-6°, distal part at 
l_2 °. Annulation of widely spaced, distinct primary rings 
separated by asymmetrical secondary rings, 6 or 7 proxi
mally, 3-5 distally. Annulets rare proximally, sparse 
distally. Secondary interspace smooth and concave in 
juvenile and early adult parts .  Living chamber conical, 
internal wall surface irregular. Pseudopuncta present. 



Fig. 49.  Odessites portensis n. sp. A, B .  Ronehamn l ,  unnumbered 
seu sample. O A. H olotype, seu type collection ,  X l O ,  O B 
seu type collection, X 1 0. O C, D, E, F, e. Longi tudinal 
sections of distal annulets, X 300 ,  of secondary ring, x 500, 
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of distal conch wall ,  x 200,  of distal primary ring, x 200,  
and detail of r ing i n  E showi ng the annular shelf and 
pseudopuncta ,  x 750 ,  SMNH X 1 688 ; Klinta 4, Kl 67-32 LJ. 
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Table 2 7 .  Odessites portensis n. sp. (dimensjons in mm) .  

Spee. No.  DEEC ODID OPRD ODFR 

Holotype 1 7 .03 0 . 1 6  0 .38 
sev Te 27 1 2 .40 0 .74 0 . 1 2  0 .36 
sev Te 28 1 5 .28 1 . 1 8 0 .26 0 .32 
sev Te 29 1 9 .00 1 . 1 9  0 . 1 6  0 .30 
sev Te 30  1 2 . 1 2  0 .87 0 .24 
sev Te 3 1  1 2 .47  0 .75  0 .20 
LR 5 14 .80 0 .20 0 .36 
LR 6 14 .40 1 .00 0 .32 

Description. - Conch s l im, proximal part expanding at 
5-6°, distal part at l _2 °. Conch straight except for the 
very proximal part which may show slight curvature. 
Length 1 9-20 mm. Initial chamber unknown. Minimum 
outer proximal diameter 0 . 1 2  mm, outer distal diameter 
in fully adult specimens 1 . 00-1 . 20  mm. Aperture 
perpendicular to long axis. 

Entire conch except for the 
. 
very proximal part 

ornamented with well spaced primary rings, separated by 
numerous secondary rings. Annulation perpendicular to 
long axis. Earliest juvenile part having regular rings 
increasing gradually in size and spacing in a distal direc
tion, density of rings immediately before the first prim
ary ring 1 0-1 5 rings per mm. First primary ring occur
ring at an outer conch diameter of 0 .30-0 .38  mm. 
Spacing of first two primary rings varying between 0 .90 
and 1 .60 mm with an average of ca. 1 . 1 0  mm. Spacing 
increasing gradually distally occasionally being 2-3 mm. 
However, this spacing is variable and may al ready be 
2 . 70-2 .80  mm between the third and fourth, or fourth 
and fifth primary rings. 

Prima ry rings asymmetrical with a prosoeline attitude, 
outermost part of axial trace prosoeline and slightly 
prosocyrt, inner part opisthoeline and straight. Out
ermost laminae occasionally almost hemispherical. Pro
file of these rings convexo-concave, crests slightly 
rounded. H inge line distinct. Slopes of rings smooth 
except for the very distal rings which may have one or 
two annulets on distal slopes .  Height of primary rings 
0 . 1 2-0 . 1 4 mm distaIly, height :  basal width l :  2 . 0-2 .4 .  
Secondary rings occurring in primary interspaces,  6 or  7 
proximally and 3-5 distally. Occasionally 9-1 1 rings 
occurring in the longest interspace . Size of secondary 
ri ngs within each cyele very constant. Secondary rings 
showing similar asymmetry and shape to primary rings. 
Axial traces less distinct commonly rather straight and 
slightly prosocline. Annulets rare proximally and in early 
distal part, but appearing between secondary rings at an 
outer conch diameter of 0 . 7 5  mm, 2 or 3 rings per 
secondary interspace. In more proximal primary inter
spaces, annulets are confined to one or two in the earliest 
porrion after the primary ring. Annulets either distinctly 
proseline and straight attitude or prosocyrt, outer part 
very thin and pointed. 

Primary interspaces flat, secondary interspaces either 
flat, as in the most distal part of conch, or distinctly 
concave as found more proximally. Interspaces rather 

WFCY WLCY PA 

1 .20 3 .05 5° 
1 . 1 6  1 . 52 5° 
0 .90 2 .89  5° 
0 .85 2 . 1 0  6° 
1 . 1 5  2 .22  5 .5 °  
1 . 58 2 .45  5° 
1 .26 3 .60 

2 .88 6° 

long, almost twice the basal length of the secondary rings. 
Lirae present over the entire conch. However, because 

few conch were available, SEM examination of the de
tailed morphology was not possible. The shortage of 
material limited examination of the early juvenile part 
and thus very little is known of the septal structures. A 
few fractured conchs show well separated free septa. 

Living chamber rather conical and having an irregular 
wall surface because of incompletely filled annular con
cavities .  Latter concavities strongly asymmetrical . Annu
lar shelves of primary rings rather narrow, frequently 
showing an opisthoeline attitude, situated more or less at 
same level as crest of the ri ngs. Annular concavities of 
secondary rings asymmetrical but their annular shelves 
are far proximal to the crest. Shape of living chamber 
modified by rather thick accumulation of lamellae 
around the inner parts of annular shelves and on conch 
wall proximal to them. Occasionally laminae line the 
entire conch wall between adjacent secondary rings. 
Because the crystal tablets are a different size these 
laminae are easily distinguished from the conch wall . 

Conch wall exhibiting very well developed 
pseudopuncta in the outermost part of proximal limbs of 
rings. Pseudopuncta well spaced. Weak pseudopuncta 
occasionally occurring in the distal limbs of ri ngs. Thick
ness of primary shell ca. 0 .03-0 .04 mm in distal part of 
conch. 

Remarks. - Odessites portensis is characterized particularly 
by the widely spaced primary rings and the numerous, 
regularly spaced and equal-sized secondary rings. The 
smooth, wide secondary interspaces in the juvenile and 
early distal parts are significant. Odessites portensis resem
bles O. lauensis in the general ring pattern, but may be 
distinguished by having a longer conch, more widely 
spaced primary rings and smooth secondary interspaces. 
There are sirriilarities with O. prolatus, but the latter 
species is  much larger, shows more annulets per inter
spaces and develops primary rings later than O. portensis. 

The ring pattern of Odessites portensis may vary rather 
much in length and number of secondary rings. The 
internal variation is not known because of the limited 
material suitable for sectioning. 

There is good reason to believe that Odessites portensis i s  
one species which has frequently been referred to 
"Tentaculites tenuis Sowerby" in Scania and on Gotland . 
However, it is evident from the type material of 'Tentacu-



lites' tenuis Sowerby that this speeies probably does not 
occur in Sweden. I emphasize probably because Sow
erby's type material is very poorly preserved and is a 
mould, and thus does not perm it safe identification of 
characters which could be used for the description of this 
speeies. Sowerby's type speeimen ( Iabelled G .S .M .  Geol. 
Soc. Coll .  6580) is  a mould of the proximal and early 
distal parts of a conch which, judging from the shape of 
the casts from the annular eoncavities ,  shows regularly 
spaced ring separated by rather wide interspaees. I t  is not 
possible to differentiate primary and secondary rings. 
From a very minute shell fragment preserved on the 
mould, it seems as if the interspaces have one or two 
annulets. Among other material labelled T. tenuis in the 
collection of the I .G .S .  Museum in London and figured 
in part by Lardeux ( 1 969,  PI. 1 3 :  6), distal parts are 
preserved and show regularly spaced primary rings but 
much doser together than in Odessites portensis. This 
material eomes from the Woolhope inlier in the Welsh 
Borderland, and is also poorly preserved. Thus, it cannot 
definitively be settled whether or not these belong to 
'Tentaculites' tenuis. I t  can only be resolved by additional 
collecting at the type locality at Usk .  

Occurrence. - Odessites portensis shows a restricted distribu
tion both on Gotland and in Scania. On Gotland it is 
eonfined to the uppermost Eke Beds and the lower-mid
die B urgsvik Beds. Judging from its absenee at Lau 
B aekar, it must appear higher than the Rhizophyllum 
MarI. It has been found at one level in the bore hole 
Burgsviksborrningen l ,  i .e .  48.95--49 .35 m, or 0 .25-0 .65 
m above the Eke-Burgsvik boundary. In  Scania a few 
speeimens have been found at Bjarsjolagård 2 and at 
Klinta l in unit l b  (Gronwall 1 897)  and unit 2 (Eiehstadt 
1 888 )  of the Oved-Ramsåsa Beds, respectively. 

Odessites prolatus n .  sp. 
Figs. I I C-D , 50 .  

Derivation of name. - Latin prolatus, elongated, referring to 
the elongate conch and partieularly to the wide spaeing of 
primary rings in the distal portion .  

Holotype. - SMN H  No. X 1 3 78 ,  Fig .  50A.  

Type strata. - Eke Beds, lower part (sample G 7 2-83 KL).  

Type locality. - Hummelbosholm 2 ,  Gotland. 

Material. - From the type loeality 2 1  speeimens, from 
additional localities in the Eke Beds 450 speeimens. 

Diagnosis. - Odessites with large, straight conch, proximal 
part expanding at 4-5 .5 °, distal part subcylindrical. 
Annulation of two ring patterns, proximally with reg
ularly spaced secondary rings increasing gradually in size 
and separated by smooth, concave interspaees, distally 
with widely spaced primary rings separated by 2-1 0  
secondary rings . Lirae weakly developed. Septa widely 
and irregularly s paeed. Pseudopuncta poorly developed. 
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Description. - Narrow conch, expanding i n  proximal part 
at 4-5 .5 °  and distally at l _2 °, ehange in growth angle 
gradually taking place near the first primary ring. Conch 
straight except for the very proximal part which gener
ally shows slight eurvature, large, commonly reaehing a 
length in fully adult speeimens of 23-24 mm. I nitial 
ehamber unknown. Minimum outer proximal diameter 
0 . 1 2-0 . 1 4 mm, outer distal diameter in  adult speeimens 
ca. 1 .40 mm. Aperture perpendicular to long axis. 

Coneh ornamented with rings and annulets 
perpendicular to long axis , arranged in two principal 
ring patterns . Proximal part having low secondary rings, 
inereasing gradually in size and spaeing, density 1 5- 1 6  
per m m  most proximally and 8-1 0 per mm immediately 
be fore the first primary ring. Juvenile rings symmetrieal 
with very elongate slopes, crests rounded. Towards the 
late proximal part these rings gradually become more 
asymmetrical with a weak prosodine attitude and eon
vexo-eoncave profile. Annulets missing between juvenile 
rings, interspaces smooth and eoneave. This ring pattern 
oecupies about the first 5 mm of the conch. Next part of 
coneh has widely spaeed primary rings and there are 
secondary rings and annulets in the primary interspaees. 
Generally, the first 3 or 4 primary rings are more widely 
spaeed than the later rings. Thus the first cydes may be 
3 . 0-3 .3  mm wide and the most distal cydes 1 . 7 5-2 .20  
mm. However, there i s  commonly eonsiderable variation 
and oeeasionally the widest cydes are in the distal part of 
the conch . Number of secondary rings generally 5-7 in  
wider eydes and 4 or 5 in those narrower. Rings regularly 
spaeed and of ten inereasing gradually in size in a distal 
direction. Annulets occurring between secondary rings, l 

or 2 in the early distal part and 2-1 0  in the later part of 
conch, first two cydes generally lacking annulets. Distal 
annulets frequently irregularly spaeed. 

Primary rings symmetrical or slightly asymmetrical 
with opisthodine, straight axial traces. Rather strongly 
asymmetrical primary rings occasionally occurring when 
distal s lopes have strongly developed annulets. Profile of 
rings bi-convex or slightly convexo-concave. Proximal 
slopes smooth while distal slopes show one or two an
nulets. Height of primary rings 0 .20-0 .25  mm, height: 
basal width l :  0 . 5-0 . 7 .  

Secondary rings mostly asymmetrical with slightly 
opisthodine and straight axial traces ,  profile distinctly 
convexo-concave . 

Distal annulets comparatively well developed, having a 
prosodine, prosocyrt attitude and narrow, pointed crests . 
Height up to 0.07 mm but lower, 0 .02-0 .04 mm in the 
early distal part. 

Secondary interspaces of distal part straight or slightly 
concave, occasionally sloping inwards slightly. Tertiary 
interspaces always concave and frequently slightly asym
metrical . 

Lirae weakly developed in tertiary interspaees ,  best in 
the distal  part of conch. B ecause of unfavourable pre
servation it has not been possible to study them in the 
proximal part of the conch . 

Proximal septal region :  septa widely, rather irregularly 
spaced, 0 .30-1 . 1 0  mm apart. Free parts of septa straight 
or slightly concave mostly perpendicular to long axis 
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Fig. 50. Odessites prolatus n. sp.  A. E. Hummelbosholm 2, G 72-83 
KL. B .  Kullunde 3 ,  Got 76-30 SB .  C .  Kullunde 6 ,  Got 76-35 SB .  
D.  Halor I ,  MS 3 1 3 .  O A .  Holotype, SMNH X 1 378 ,  
x 1 5 .  O B .  Lateral view of  primary and  secondary r i  ngs, 

SMNH X 1 690, x 75. O C .  Lateral view of juveni le  part, 
SMNH X 1 69 1 ,  x 75. O D.  Longi tudinal section of distal 
septal region,  SMNH X 1389 ,  x 75 .  O E. Longi tudinal section 
of septal region,  SMNH X 1 3 90 ,  x 60 .  



Silurian tentaculitids from Gotland and Scania 1 23 

Table 28. Odessites prolatus n. sp.  (dimensions in mm).  

Spee .  No. DEEC 

SMNH X 1 3 78 1 5 .24 
(holotype) 
SMNH X 1 3 7 9  1 8 .33  
SMNH X 1380  1 4 .06 
SMNH X 1 3 8 1  8 . 30  
SMNH X 1383  1 1 .64 
SMNH X 1384 1 3 .46 
SMNH X 1 385 1 6 . 7 1 
SMNH X 1388  1 8 .89  
SMNH X 1403 3 .96 
SMNH X 1404 4 . 75  

occasionally being slightly oblique. Mural parts symmetri
cal and persistent ,  maintaining the same thickness as the 
free parts for a considerable d istance . Most of  septa thin 
but generally the two most distal are significantly thicker 
so that camerae are very narrow. Last septurn occurring 
at an outer conch diameter in fully adult specimens of 
0 .50-0 .60 mm, i .e .  at or slightly after the first primary 
ring. Total num ber of septa unknown. 

Living chamber long, either subcylindrical or slightly 
conical, the latter shape most evident in the proximal part 
of the chamber. Here, the internal wall surface is smooth. 
Major part of living chamber with an irregular wall 
surface because of well developed annular concavities 
being either rounded or angular depending on the shape 
of the annular shelves. 

There are some indications of pseudopuncta in the 
proximal limbs of the primary rings but these are very 
slightly developed and not visible in all specimens .  Prim
ary shell rather thin, 0 .0 1 -0 .02 mm in septal region and 
slightly thicker, 0 .02-0 .04 mm, distally. However, the 
total thickness of  the conch wall is much greater because 
the secondary shell increases the wall thickness com
monly by 1 0-1 5 times. 

Remarks. - Odessites prolatus is recognized by the large 
conch and the typical two-fold ring pattern of a juvenile 
part showing secondary rings separated by smooth con
ca ve interspaces ,  and an adult part with widely spaced 
primary rings separated by a variable number of sec
ondary ri ngs. This general type of ring pattern may be 
seen in Odessites inflatus but there are differences in the 
development of the primary rings and the juvenile parts 
are very different .  The proximal part of Odessites pro
latus is similar to that of O. petilus but there are differ
ences in the development of the septa; o. prolatus never 
has an accretion zone of the type characteristic of o. 
petilus. The latter species has a much slimmer juvenile 
part. 

The distal ring pattern of Odessites prolatus may vary to 
some extent in width of the cyele and the number and 
distribution of secondary rings in each cyele.  

Occurrence. - Odessites prolatus has a stratigraphical range 
from the lower Eke Beds up to the top of the unit. I t  is 
particularly abundant in the lower and midd le Eke Beds .  
It  has not so far been found outside Gotland. 

ODID OPRD OD FR ODLS WLCY PA 

1 . 1 5  0 .30 0 .50 2 .22 4°  

1 .43 0 .5 1 0 .69 2 .38  4 °  
1 .3 8  0 . 59  1 . 98 
0 .73 0 .22 0 .48 0 .83 4 . 5 °  

0 . 1 4  0 .44 2 .33  4 . 5 °  
1 .3 5  0 .32 0 .5 1 2 .22  5 °  

0 . 39  0 .5 1 2 .09 5 . 5 °  
1 . 1 1 0 .48 0 .63 0 .59 2 .42 4° 
0.63 0 .50 0 .50 0 .52 2 .38  
0 .65 0.44 0 .50 0 .50 2 .06 

Genus Podolites Ljashenko 1 969 
Type speeies (by  original designation) .  - Podolites rugosus 
Ljashenko 1 969 ;  from the Ludlovian of Podolia, USSR. 

Speeies on Gotland. - Podolites hedei n. sp . ,  P. paeninsulicola 
n. sp . , P. ternatus n .  sp .  

Diagnosis (emended herein) .  - Genus of the family Voly
nitidae with medium-sized,  conical conchs ,  stratight or 
proximally slightly curved.  Proximal part expanding at 
6-1 1 °, distal part at 2-4° or occasionally subcylindrical .  
Initial chamber elongated,  slightly drop-like, d isting
uished elearly from the juvenile part by a faint constric
tion.  Initial chamber bilaterally symmetrical .  Aperture 
perpendicular to the long axis of  the conch. Annulation 
perpendicular or slightly oblique to the long axis . Rings 
rhythmically arranged, primary rings gradually increas
ing in size and spacing in  a distal direction .  Prima ry 
interspaces with 1 -4 ,  regularly spaced secondary rings 
which gradually increase in  size. Ring asymmetrical and 
rounded. Annulets developed between and on their 
distal slopes of rings. Lirae well developed. Proximal part 
divided internally by septa, free proximally and en
doconic distally. Living chamber long with irregular 
internal wall surface . Pseudopuncta not developed. 

Stratigraphical and geographical distribution. - The type 
species ,  Podolites rugosus Ljashenko, i s  reported from the 
Ludlovian Malinovtsy Beds of Podolia. The other species 
already described, Podolites peregrinus Zagora, comes from 
Pleistocene erratic boulders in northern DDR (Zagora 
1 974 : 1 22 3 ) .  On Gotland the genus is represented in the 
Halla, Klinteberg and Hemse Beds .  

Remarks. - Podolites is recognized particularly by its  cyelic 
ring pattern which has 2-5 prominent rings per cyele,  
and by the rounded shape of the rings which elearly 
distinguishes this from all other genera with rhythmic 
ring patterns. I t  differs from Volynites Ljashenko in 
hav ing annulets on the distal slopes of  the rings . 

No initial chamber or internal characters were re
ported from the type species. However, examination of 
Gotland material has made it possible to inelude such 
features in the generic diagnosis which is consequently 
emended here from the original by Ljashenko ( 1 969 :  94 ) .  
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Table 29. Podolites hedei n. sp.  (dimensions in mm) .  

Spee .  No.  

Holotype 
SGU Te 39 
SGU Te 40 
SMNH X 1 1 62 
SMNH X 1 1 66 
SMNH X 1 1 67 
SMNH X 1 1 68 
SMNH X 1 1 70 

Podolites hedei n .  Sp.  
Figs . l l E-F , 5 1 .  

OEEC 

9.00 
9.40 

14 .68 
1 0 .33 
8 .4 1  
4 . 35  
7 .64 
7 .53  

0010 OPRD 

0 .90 0 . 1 6  
0 .88 0 . 1 2  
1 .08 0 . 1 4  
0 .95 0 . 1 5  
1 .00 0 .09 
0 .70 0 .07 
0 .8 1 0 .20 
0 .8 1 0 . 1 5  

ODFR ODLS 

0 .22 
0 .24 
0 .36 
0 .30  
0 .22 
0 .30 
0 .25  0.63 

0 .67 

Derivation of name. - In  honour of the late Dr. J .  Ernhold 
Hede, 1 890-1 977 ,  founder of the current stratigraphy 
on Gotland and collector of the type material of the 
species. 

Holotype. - SGU type collection,  Fig. 5 1 A . 

Type strata. - Klinteberg Beds,  unit a. 

Type loeality. - Dibjars l ,  Gotland . 

Material. - 2 5  specimens from the type locality, 1 00 
specimens from the Halla Beds, 3 0  specimens from 
additional localities in the Klinteberg Beds,  and 1 0  speci
mens from the Hemse Beds .  

Diagnosis. - Medium-sized, slender Podolites expanding 
proximally at 6-1 0°, subcylindrical or slightly conical 
distally . Annulation rhythmic, 2-4 rings per cyde proxi
mally, 3-5 per cyde along the entire adult part. Distal 
ring cydes extended. The most pro xi mal secondary in
ters pace of each cyde about twice the width of subse
quent interspaces .  Annulets numerous .  

Deseription. - Conch,  slender, proximal part expanding at  
a growth angle of 6-1 0°, distal part subcylindrical or 
expanding at l _3 °, transition from proximal to distal 
growth angle gradual. Conch slightly curved proximally 
displaced from a sagittal plane through the aperture by 
about 0 . 5  mm. Entire living chamber straight. Conch 
medium-sized, estimated full length 1 1 -14 mm.  

Initial chamber asymmetrical and elongated, with 
slightly drop-like shape. Distal limit of chamber rather 
diffuse, shown only by a slight decrease in the outer and 
inner diameters of the conch. Distance from apex ca. 0 . 1 6  
mm. Outer diameter a t  this point 0 .07 mm.  

Aperture perpendicular to  long axis, outer distal 
diameter in mature specimens 0 .95-1 .00 mm, occasion
ally reaching 1 . 1 0 mm. 

Entire surface of conch ornamented with rings and 
annulets perpendicular or occasionally s lightly oblique to 
long axis of conch. Rings spaced and the same size at 
extreme proximal part. First primary ring appearing at 
an outer conch diameter of 0 . 22-0 .36  mm, subsequent 

TNCY WLCY NRLC PA 

6 1 .92 6 .5 °  
6 2 .52 7 . 5 °  
7 2 .68 9° 
7 2 .46 5 8 °  

1 0  1 .66 4 8°  
5 1 .07 4 10 °  
7 1 .70  4 8°  
7 1 .70  4 1 0 °  

rings grouped in distinct cydes, proximally 2-4 rings per 
cyde, distally 4-5 . Size and spacing of primary rings 
increasing towards distal end. Spacing increasing from 
0 .4 mm in septal region to  1 .7-2 .7  mm in distal part of 
living chamber. First two or three cydes having similar 
widths followed by a marked increase in width in subse
quent cydes in severaI specimens at a conch diameter of 
ca. 0 .35 mm.  Secondary rings within each cyde regularly 
spaced .  Space between primary ring and the first sec
ondary ring of the following cyde generally twice that 
between secondary rings. Size of secondary rings grad u
ally increasing within each ring cyde . Most proximal 
ri ngs fairly symmetrical with bi-convex or more or less 
planar slopes, crests rounded. Last juvenile rings and all 
distal rings dearly asymmetrical with steep proximal 
slopes.  Axial traces opisthodine and slightly opisthocyrt. 
Rings bi-convex in profile with rounded crests . The 
height :  basal width l :  3-1 : 4. Secondary rings occasion
ally approaching triangular in profile .  

Annulets distinct and evenly spaced in all interspaces 
and on distal slopes of rings. Annulet dose st to the crest 
of ten prominent. Tertiary interspace proximal to this 
ann ulet strongly concave producing a distinct crestal 
furrow . Number of annulets 5-8 in the proximal, wide 
interspace of each cyde, 3-5 in the distal interspaces. 
Number variable in man y specimens even of adjacent 
cydes.  Annulets narrow and pointed with a prosocline 
attitude. 

Interspaces plane or sometimes sl ightly concave . Width 
of interspaces increasing gradually towards the distal 
end. Distally, interspaces of ten sloping inwards gradually 
towards long axis. 

Lirae developed along entire conch ,  occupying tertiary 
interspaces, crossing annulets but never rings, density 
approximately 1 2-1 5 per O . l mm in juvenile part, about 
20-25 per O . l mm distally. 

Proximal septal region :  septa thin straight, symmetrical 
and free in extreme proximal part, asymmetrical, in 
densely stacked endocones distally . Endocones fre
quently reaching a length of more than 1 .0 mm.  Apices 

Fig. 51 . Podolites hedei n.  sp.  D A. Holotype, SGU type eolleetion,  
x 10 ;  Dibjars 1 ,  unnumbered SGU sample. O B .  Lateral v iew of 
adult part, SMNH X 1 1 79 ,  X 60 ;  Gothemshammer l ,  G 72- 1 04 
KL. O C. Lateral view of juvenile part, SMNH X 1 1 80 ,  x 7 5 ;  
Gothemshammar I ,  MS 669. O D .  Longitudinal seetion o f  septal 
region, SMNH X 1 1 82 ,  x 60 ; sample as for B .  
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of endocones asymmetrical in relation to long axis, some
times close to conch wall .  Last endocones occurring at an 
outer conch diameter of ca. 0 .65-0 . 70  mm in mature 
specimens,  short, not exceeding the width of a ring cycle. 

Living chamber subcylindrical with an asymmetrical, 
gently rounded proximal end. Internal wall surface dis
tinctly irregular, reflecting the general shape of the 
exterior. Proximal limbs always heavily thickened with 
many lamellae stacked inwards forming pronounced 
annular shelves, sometimes becoming opisthocline in 
attitude, especially in the most distal part of the conch. 
Annular shelves far distal to crests of rings . 

Secondary shell c learly distinguished from primary 
shell both in juvenile and in adult parts. Thickness of 
primary shell increasing gradually from 0 .02-0 .03 mm 
proximally to 0 .05-0 .07 mm distally. No pseudopuncta 
observed .  

Remarks. - Podalites hedei is recognized mainly by its 
comparatively slender form, its extended ring cycles 
which have a markedly wider secondary interspace in the 
proximal part of each cycle, and the number of rings per 
cycle in the adult part. The juvenile part resembles that 
of Podalites ternatus, but P. hedei may be distinguished 
from the former species in having a slenderer proximal 
part, less densely packed ring cycles, and by the wider 
secondary interspaces in the proximal part of each cycle. 
The species differ in the shape of the rings . Podalites hedei 
is very similar to P. peregrinus Z agora. However, the latter 
species shows denser primary rings proximally and the 
secondary rings within each cycle tend to increase in size 
more rapidly. The shape of the primary rings is dissimi
lar, particularly distally where in Podalites peregrinus they 
have long, convex distal slopes. Compared to P. 
peregrinus, P. hedei shows few annulets in the interspaces 
or on the distal slopes of the primary rings. 

Some variation has been observed in Podalites hedei in  
the general arrangement of rings. Thus ,  rings in some 
specimens are slightly oblique although the majority in 
populations has rings perpendicular to the long axis .  In 
some specimens the distal s lopes of rings pass gently into 
the following interspace without any marked boundary 
between the ring and the interspace . There is some 
variation in the curvature of the proximal part of the 
conch. 

Oecurrenee. - Podalites hedei occurs on Gotland from the 

Table 30.  Podolites paeninsulicola n .  sp. (dimensions in mm). 

Spee. No. DEEC ODID OPRD ODLS 

MB. 1 974 . 1 5a 1 9 .0 1 1 .27  0 . 1 6  
(holotype) 
MB. 1 974 .  1 5b 14 .06 1 . 1 1 0 .36 
SMNH X 1 1 98 1 1 .88 1 . 1 8 0 .22 0 .42 
SMNH X 1 1 99 7 . 1 2  0 .88 0 . 1 1  0 .44 
SMNH X 1 200 1 1 .73 1 .20 0 . 1 5  0.46 
SMNH X 1 2 0 1  1 1 .44 1 .00 0 . 1 3  0 .42 
SMNH X 1 2 1 3  1 5 .50 1 .29  0 . 33  0.63 
SMNH X 1 2 1 5  1 0 .07 1 .00 0 .35  0 .55  

Hal la Beds,  unit  e up to the Hemse B eds, unit e. I t  
reaches i t s  greatest abundance in the Hal la  Beds  and in 
the basal parts of unit a of the Klinteberg Beds .  I t  i s  not 
known outside Gotland.  

Podolites paeninsulicola n .  sp.  
Figs . 22 ,  52 . 

Synonymy. - O Tentaculites ( s . l . )  n .  sp .  a - Z agora, 1 974 : 
1 2 24-1 2 2 5 ,  Pl .  2 :  1 -2 .  

Derivation of name. - Latin paeninsula, peninsula and -cola, 
dweller, referring to the Ostergarn peninsula where is 
the type locality and from where derives most of the 
material examined. 

Holotype. - MB . 1 974 . 1 5a ,  figured by Zagora ( 1 974 , Pl .  2 :  
1 ) ;  i n  this paper figured in Fig. 52A.  

Type stmta. - Hemse Beds ,  unit e .  

Type loeality. - Hammarudden l ,  Gotland . 

Material. - From the type locality 5 specimens,  from 
additional localities in the Ostergarn area 1 3 0  specimens.  

Diagnosis. - Medium-sized Podalites with straight conch, 
proximal part expanding at 5_9°, distal part at 3-4°. 
Aperture perpendicular to the long axis . Ring cycles with 
3--6 ,  symmetrical or slightly asymmetrical, well-defined, 
high rings . Living chamber conical with internal wall 
surface smooth proximally, slightly irregular distally . 

Deseription. - Slender conch, proximal part expanding at 
5_9°, d istal part at 3-4° or sometimes a pproaching sub
cylindrical. Conch straight, extreme proximal end occa
sionally slightly curved . Length of fully mature speci
mens 1 7-2 1  mm. Initial chamber unknown. Minimum 
outer proximal diameter 0 . 06 mm, outer distal diameter 
in fully adult specimens 1 . 1 0- 1 . 30  mm. Aperture 
perpendicular to long axis. 

Whole conch ornamented with rings and annulets 
perpendicular to long axis of  conch .  Rings having a cyclic 
pattern along the entire conch except for the very proxi
mal, curved part, exhibiting only densely arranged rings 

TNCY WLCY NRLC PA 

1 2  2 .69 5 5 °  

8 2 .49  5 5 °  
I I  1 .55  3 7 °  

li 0.92 3 8 °  
1 0  2 . 1 8  3 9° 
9 1 .59 3 7 °  

1 2  1 .66 3 
8 1 .29  



Fig. 52 . Podalites paeninsulicola n. sp.  D A. Holotype, MB .  1 974.  
I Sa, x 1 0 ;  Hammarudden 1 .  D B . Speeimen from some slab as 
holotype, MB. 1 974.  1 5b, x 1 0·. O C.  Detail of rings in  early adult 
part, SMNH X 1 2 1 8 , x 75. O D.  Longitudinal section of almost 
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complete speeimen, SMNH X 1 1 98 ,  x 1 5 .  O E .  Longitudinal 
section of young individual . N ote the thi n  firs t  septum, SMNH 
X 1 2 1 1 , x 100 .  C ,  D,  E .  "bstergarn",  unnumbered SMNH 
sample. 
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of one size. Cyelic pattern most distinctive in late proxi
mai part and in adult part of conch. Rhythmic character 
occasionally difficult to see in early proximal part of 
many specimens .  Ring cyeles with 3-6 primary and 
secondary rings, number of rings per cyele generally 
increasing towards distal end, as does size and spacing of 
primary rings. Spacing or primary rings in early adult 
part 1 .2-1 . 5  mm,  2 .0-2 . 5  mm apart most distally. Sec
ondary rings in primary interspaces regularly arranged .  
Each cyele generally wi th a wider secondary interspace 
between primary ring and secondary ring of the follow
ing cyele than the interspaces between secondary rings. 
Difference in width of interspace at distal end of adult 
specimens hardly noticeable. Secondary rings increasing 
gradually in size towards next primary ring, particularly 
e1ear in early and midd le adult part. Sizes of secondary 
rings in final two cyeles in large specimens equal. Rings 
symmetrical or slightly asymmetrical, the latter type 
found particularly in distal part of conch where distal 
slopes of primary rings may pass more or less directly 
into the following interspace. Secondary rings always 
symmetrical and generally sharply defined. Axial traces 
of primary rings opisthoeline and prosocyrt, becoming 
more strongly opisthoeline towards distal end. Secondary 
ri ngs mostly orthoeline with straight axial traces .  Rings in 
profile bi-convex with rounded crests .  Secondary rings 
slightly triangular occasionally. Proximal slopes always 
smooth, distal slopes with annulets and lirae. Primary 
rings high, distally reaching heights of 0 . 25-0 .30 mm, 
height : basal width l :  1 .5-1 . 6 .  

Annulets developed in secondary interspaces and on  
distal slopes of rings , l or  2 ,  seldom 3 ,  in  distal inter
spaces of each cyele, 5-7 rings norm all y in the wide 
proximal interspace of each cyele. Annulets regularly 
spaced. Annulets nearest crest of rings frequently some
what thicker than the others. Proximal side of this 
ann ulet strongly concave producing a marked crestal 
furrow. Most of annulets prosoeline , comparatively low 
and thin. 

Secondary interspaces in juvenile and early adult part 
concave gradually becoming flatter towards distal end as 
the rings become more widely separated.  Wide proximal 
interspace in each cyele always flat. 

Comparatively weakly developed lirae occurring bet
ween annulets, density 9-1 0  per O . l mm. Proximal septal 
region:  septa numerous, total number 1 0-1 5 .  Septa with 
straight or slightly concave free parts perpendicular to 
long axis of conch, spacing of free part 0 .20-0 .25  mm. 
Four or five most distal septa with thicker free parts and 
considerably thicker mural parts, the latter forming 
accretion zone. These septa occasionally forming true 
endocones. Distal septa of ten asymmetrical with concave 
and narrow free parts and mural parts of variable 
lengths. Last septurn in most fully developed specimens 
conspicuously thick, generally developed at an outer 
conch diameter of 0 .40-0 .50  mm, or occasionally up to 
0 .65 mm. 

Living chamber slightly conical constituting about 70-
80 % of the total length of the conch . Conical shape most 
conspicuous at the proximal end, which may have a 
narrow tip produced by the constriction of the last 

septurn. Internal wall surface of first half of living 
chamber rather smooth, distal half more irregular. 
Annular concavities of primary rings well filled, annular 
shelves narrow except for ri ngs e10se to aperture where 
they are much wider. Concavities are rather rapidly filled 
during growth of  conch .  

Primary and secondary shells easily distinguished . No 
pseudopuncta. Thickness of primary shell 0 .02-0 .04 mm 
in proximal part, 0 .05-0 .06 distally. 

Remarks. - The holotype, which was figured and brie fly 
described by Zagora ( 1 974 ) ,  is the most fully preserved 
specimen of Podolites paeninsulicola so far encountered . 
Unfortunately, the outermost ' Iamellae of the primary 
shell are worn away and the annulets are on ly faintly 
preserved. The l irae have been removed entirely. Wear 
of the outermost lamellae has sharpened the outline of 
the rings so that distal slopes are much steeper than 
normal. Neve�theless, Zagora's figured s pecimen in PI .  2 :  
I is selected as holotype because it shows the characteris
tic rhythmicity of the rings . 

There is some variation in the width of the ring cyele 
and the size of the secondary rings, particularly in the 
juvenile part. In  many specimens the rhythmic arrange
ment is difficult to observe in this part because the rings 
tend to be of one size. Internally some variation may 
occur in the development of septa, particularly in the 
formation of endocones. 

Podolites paeninsulicola is e10sely related to both P.  
peregrinus and P. ternatus. I t  differs mainly from these two 
species by having much higher and better defined sym
metrical rings. The larger number of rings per cyele in 
the juvenile and early adult parts of the conch disting
uishes the species from P. ternatus. The more symmetrical 
and higher rings distinguish P. paeninsulicola from P. 
peregrinus. The marked gradual increase in size of the 
secondary ri ngs is particularly significant. The internal 
wall surface is smoother in P. paeninsulicola than in the 
other two Podolites species. 

Occurrence. - Podolites paeninsulicola i s  restricted to the 
Hemse Beds .  I t  has so far been encountered only from 
the Ostergarn area in unit  c of the Hemse Beds .  The 
major part of the material derives from slabs of mud
stone and argillaceous l imestone kept at the State Museum 
of Natural History in Stockholm, and these slabs are only 
marked "Ostergarn , Gotland" .  The lithology of the slabs 
leaves no doubt that they derive from the Hemse Beds,  
unit c. Some questionable specimens come from unit b at 
Gyle l but the material is too poorly preserved to allow 
safe specific determination .  Thus, these specimens are 
designated Podolites cf. paeninsulicola. 

Podolites ternatus n. sp.  
Figs .  I l G ,  1 4 , 53 . 

Derivation of name. - Latin ternatus, consisting of three , 
referring to the development commonly of three rings 
per cyele. 



Holotype. - SMNH No. X 1 1 8 5 ,  Fig. 53A.  

Type strata. - Klinteberg Beds ,  uni t  a (sample G 72 - 1 05 
KL) .  

Type locality. - Gothemshammar 2 ,  Gotland. 

Material. - From the type lo ca lit y 1 2  specimens, from 
other localities in the Halla Beds 1 1 0 specimens, from 
Klinteberg Beds 1 0  specimens and from the Hemse Beds 
35 specimens.  

Diagnosis. - Medium-sized Podolites proximal part ex
panding at 1 0-1 1 °, distal part at 2-4°. Annulation cyclic 
mainly of three rings, occasionally with one four-ring 
cyele developed in early adul� part. Living chamber with 
irre gular internal wall surface . 

Description. - Conch slender, proximal part expanding at 
1 0-1 1 °, distal part at 2-4°, straight except for slightly 
curved extreme juvenile part. Estimated full  length of 
adult specimens 1 3-1 5 mm. Apical end with a well 
developed initial chamber, distinguished from rest of the 
conch by a slight constriction of  conch. Initial chamber 
viewed along the sagittal plane symmetrical and triangu
lar. Viewed perpendicularly to the sagittal plane, some
what asymmetrical, having a flat side and convex side 
opposite . The initial chamber has a somewhat elongate 
apex, the tip of which is always broken off. Distal part of 
chamber with a characteristic asymmetrical ring with a 
steep distal slope , slightly oblique to long axis of conch . 
Length of initial chamber 0 . 1 5-0 . 1 8  mm, its maximum 
outer conch diameter ca. 0 .08-0 . 1 0  mm. Aperture of 
conch perpendicular to long axis ,  outer distal diameter in 
adult specimens 1 .20-1 . 25  mm. 

Conch ornamented with rings of various sizes and 
annulets. Rings mostly perpendicular to long axis of 
conch except for immediately behind the initial chamber 
where the first 4 or 5 rings are distinctly oblique .  Obli
quity of these rings decreases gradually in a d istal direc
tion as does their spacing and asymmetry. Succeeding 
juvenile part starting with ri ngs of equal size and spacing 
gradually passing to a ring pattern where rings alternate 
with one annulet in each interspace . Further distally rings 
increase gradually in size and spacing towards the first 
primary ring, developed at an outer conch diameter of 
0 . 22-0 .32  mm. Rings rather symmetrical . Remainder of 
conch showing a rhythmic development of rings in cyeles 
generally of three , occasionally of four, rings. ane four
ring cyele generally occurs at the very early adult part of 
conch after four or five cyeles of  three rings. In  mature 
specimens groups of only two rings sometimes occur at 
the very distal end, from 0 .70-0 .80 mm apart in the early 
cyeles to 1 .3 5-1 . 55  mm apart in those most distal. Sec
ondary rings occupying primary interspaces regularly 
spaced and somewhat distal in each cyele.  Forming a 
wider secondary interspace between the primary ring 
and first secondary ring of the next cyele. Size of rings 
increasing in a distal direction within each cyele. 

Rings of juvenile part asymmetrical with opisthoeline 
or orthoeline axial traces and rather steep distal slopes. 
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Adult rings symmetrical o r  slightly asymmetrical, with 
orthoeline or opisthoeline attitude, the latter attitude 
being common in primary rings. Axial traces of primary 
rings opisthoeline and opisthocyrt, in secondary rings 
orthoeline and straight. 

Rings convexo-concave in profile with rounded crests. 
Secondary rings occasionally triangular with narrow 
crests. Proximal slopes always smooth while distal slopes 
show annulets and Iirae . Height-to-base : basal width of 
primary ring l :  1 .2-1 .6 .  

Annulets distributed regularly in  secondary inter
spaces as well as on distal slopes of the rings. ane ann ulet 
developed immediately before the first prima ry ring in 
each interspace . Number of  annulets in distal part of 
conch varying from 2 or 3 in  the distal interspace of each 
cyele to 4 or 6 in the proximal wide interspace . Lower 
part of distal slopes of ring with one or two annulets. 
Annulets slightly prosoeline and commonly symmetrical 
with a narrow ,  triangular cross-section .  Height of rings 
moderate, seldom exceeding 0 . 0 1  mm. 

Interspaces in juvenile part of conch elearly concave as 
in the distal portion of each cyele in adult part, proximal 
wide interspace of each cyele flat. 

Lirae present along entire conch in tertiary interspaces 
, of juvenile and adult parts, crossing the annulets. Density 
of Iirae 7-9 per O . l  mm. 

Interior of initial chamber unknown. Proximal septal 
region with septa, injuvenile specimens thin , symmetrical 
and free, spaced ca. 0.2 mm apart. Mural parts of septa 
very thick because of rapid stacking of laminae in a distal 
direction.  The rapid stacking makes the laminae oblique 
by up to 1 0 °  to the long axis of the conch. Adult 
specimens with free septa succeeded by septa forming 
symmetrical, densely packed endocones. Sides of cones 
dipping 3 0-40° to long axis. Endocones occur along a 
length of 0 . 5-0 .7  mm, most distally at an outer conch 
diameter in fully mature specimens of 0 .40-0 .45 mm.  
Generally early endocones have rather pointed and nar
row proximal ends while the most distal endocones show 
rounded ends, 

Living chamber symmetrical with a conical proximal 
part and a subcylindrical distal part. Living chamber in 
mature specimens constitutes about 75-80 % of the total 
length of conch. Internal wall surface smooth at the 
proximal end, distinctly irregular along distal part be
cause of poorly filled annular concavities .  Proximal limbs 
of primary rings with a pronounced accumulation of 
laminae, producing well developed, occasionally 
opisthoeline, annular shelves .  Annular shelves far distal 
to crest of primary rings. Annular concavities rather 
asymmetrical . Secondary rings less filled, annular shelves 
very weakly developed, annular concavities ,  rings rather 
symmetrical , mainly reflecting the external shape of the 
rings . 

Primary and secondary shells frequently easily disting
uished . No pseudopuncta. Thickness of primary shell 
rather uniform, 0 .0 1 -0 .02 mm proximally and 0 .02-0 .04 
mm distally. 

Remarks. - Podolites ternatus is recognized m<linly by the 
ring pattern of three rings per cyele, the comparatively 
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Table 3 1 .  Podolites ternatus n .  sp. (dimensions i n  mm).  

Spee.  No. DEEC 

SMNH X 1 I 8 5  1 3 .4 6  
(holotype) 
SMNH X 1 I 8 6  1 0 .65 
SMNH X 1 1 87 1 1 .52 
SMNH X 1 1 88 1 0 .8 9  
SMNH X 1 I 90 4 . 1 2  
SMNH X 1 1 97 3 .64 

dense arrangement of the cydes and the symmetrical 
rings. The general ring pattern is similar to that of P. 
hedei which occurs in the same beds on Gotland . The two 
species may be differentiated by differences in number of 
rings per cyde, in length of the cydes and in the shape of 
the rings . The extreme proximal parts of the two species 
may occasionally be difficult to distinguish. However, P. 
tematus generally has a less curved juvenile part and a 
different ring pattern . The latter, though, is not always 
easy to observe because of problems in dearing the 
specimens properly. 

The variation of the characters in P. tematus i s  confined 
mainly to minor diff�rences in the ring pattern, particu
larly in the proximaf part where the first primary ring 
may be poorly develo)Ded, and in the length of the cydes. 
Material from the Hemse Beds commonly has a paired 
arrangement of the most distal rings. 

Occurrence. - Podolites tematus occurs from unit c of the 
Halla Beds up to unit � of the Hemse Beds.  It is most \ 
abundant in the Halla Beds.  It has not so far been 
observed outside Gotlantl. 

Genus Turmalites Ljashenko 1 969 
Type speeies (by original designation) .  - Turmalites podolicus 
Ljashenko 1 969 ;  from the Lower Devonian of Podolia, 
USSR. 

Speeies on Gotland. - Turmalites follingboensis, T. slitiensis. 

Remarks. - The generic diagnosis by Ljashenko ( 1 969a:  
86)  does not give many characters which distinguish this 
from other tentaculitid genera. Nor does the description 
of the type species .  However, the accompanying illustra
tions (Ljashenko 1 969a� Pl. 4 :  1-6 )  gi ve information 
sufficient to assign two Gotland species to this genus,  i .e .  

Fig. 53 . Podolites ternatus n_ sp. B Gothemshammar I ,  G 7 2 - 1 04a. 
C, D, E, F .  Gothemshammar I ,  MS 895 . G. Gothemshammar l ,  
M S  669. D A. Holotype, SMNH X 1 I 8 5 ,  x 1 0 ;  Gothemshammar 
2 ,  G 7 2 - 1 05 KL. D B . Young individual, SMNH X 1 1 6 7 ,  x 1 5 .  O 
C. Detail of primary ring and preeeding secondary ring, SMNH 
X 1 1 9 1 ,  x 60.  O D, E .  Early proximal part with preserved initial 
ehamber in lateral, perpendieularly opposed, views, SMNH X 
1 1 89 ,  x 50 .  O F. Longitudinal seetion of septal region, SMNH X 
1 1 90 ,  x 7 5 .  O G. Longitudinal seetion of coneh wall in early 
adult part showing foreign bodies included within the eoneh 
wall, SMNH X 1 1 9 7 ,  x 450 .  

ODID OPRD ODFR ODLS TNCY WLCY NRLC PA 

1 .23  

1 .03 
1 . 1 1  
1 . 1 5  
0 .63 
0 .55 

0 . 1 4  0 . 3 2  1 2  1 .42 3 1 0 °  

0 . 1 4  9 1 .3 5  3 1 0 °  
0 . 1 2  0 . 3 2  I l  1 .54 3 I l O 
0 . 1 6  0 . 2 2  1 2  1 .3 8  3 1 0 °  
0 . 1 4  0 . 2 6  0 .43 5 0 . 9 1  3 
0 . 1 2  0 . 2 8  0 .30  4 1 .2 0  4 

Turmalites follingboensis and T. slitiensis. As no type mat
erial has been examined, an emended diagnosis of the 
genus must wait. 

The genus has slender and narrow conchs, proximal 
part expanding at 5 .5-1 0°,  d istal part at 3-4°. The conch 
is straight except for the proximal part which shows slight 
curvature . The conchs are medium in size, seid om ex
ceeding 1 5  mm long. The initial chamber is conical 
without any significant constriction to separate it from 
the juvenile part. Distally the aperture is either 
perpendicular or slightly oblique to the long axis. The 
annulation is distinctly asymmetrical rings with marked 
hinge lines, arranged in cydes mostly of two, occasionally 
three, rings. This annulation is frequently slightly obl i
que. Rings are separated into primary and secondary 
rings, the former type being distal in each cyde . Annulets 
occur abundantly in each interspace and on the distal 
slopes of the rings. The proximal part of  the conch is 
divided internally into camerae by free septa which have 
strongly irre gular and asymmetrical free parts . Primary 
and secondary shells are well differentiated and 
pseudopuncta are present. The four Turmalites species 
described by Ljashenko ( 1 969a) derive from the Lower 
Devonian of Podolia. 

Turmalites follingboensis n. sp.  
Fig .  54 . 

Derivation of name. - Latin Follingboensis, inhabitant of the 
Follingbo area, in which the type locality is situated.  

Holotype. - SMNH No. X 1 06 1 ,  Fig. 54A.  

Type strata. - Slite Beds,  Slite Mari (sample G 74-74 KL) .  

Type locality. - Follingbo 7 ,  Gotland. 

Material. - From the type locality 13 specimens, from 
additional localities in the Slite Beds more than 140 
specimens and from the Hogklint B eds x:nore than 20  
specimens. 

Diagnosis. - Turmalites of medium size , narrow, proxix:nal 
part expanding at 5 . 5-1 0°, distal part at 3-4°. Distal part 
straight, proximal part commonly slightly curved. Annu
lation commonly slightly oblique to long axis, rhythmical 
with rings in  pairs gradually increasing in size and 
spacing distally . Rings dearly convexo-concave with 



1 3 2  Kent Larsson 



Table 32.  Turmalitesfollingboensis n. sp .  (dimensions in mm) .  

Spee .  No. DEEC ODID OPRD ODLS PA 

SMNH X 1 06 1  1 0 .65 1 .25  0 .20 10°  
(holotype) 
SMNH X 1 062 9 .80 1 . 1 3  0 . 1 3  8 °  
SMNH X 1 063 6 . 1 2  0 .90 0 . 1 0  0 .28 7°  
SMNH X 1 073 1 0 .77 1 .00 0 . 1 0  0.40 6° 
SMNH X 1 074 6 .50 0 .63 0 . 1 0  0 .28 5 .5°  
SMNH X 1 075  7 .05 0 .65 0 . 1 5  0 .29 6° 
SMNH X 1 076 9.50 1 .03 0 .28 0 .40 8 °  

opisthocline axial traces .  Proximal part divided internally 
by septa slanting in various directions, irregularly spaced 
and thin. Living chamber conical with irregular internal 
wall surface . Conch wall with faint pseudopuncta. 

Description. - Narrow conch with a proximal growth angle 
of 5 . 5-1 0°  and distal part expanding at 3-4 °. Conch 
straight except for proximal part which frequently shows 
slight curvature. Estimated length of conch in mature 
specimens 1 1 - 13  mm. Initial chamber conical pass ing 
directly into juvenile part without any noticeable constric
tion of conch, outer conch diameter in this region ca. 0 .05 
mm. Aperture perpendicular or slightly oblique to long 
axis of conch. Outer distal diameter normally 1 .00-1 . 25  
mm.  

Whole conch annulated by  rings, distally mostly in  
pairs, proximally in groups o f 2  or 3 rings. Most proximal 
rings not, or on ly weakly, arranged in pairs. Size of rings 
and their spacing increasing gradually in a distal direc
tion .  Density of rings 8-1 0 per mm proximally, 2-4 per 
mm distally. Ring pairs of one proximal secondary ring 
fol lowed by a primary ring. Primary rings asymmetrical 
with opisthocline and prosocyrt axial traces .  Pro file of 
rings distinctly convexo-concave with a marked hinge line 
forming the crestal line of rings . Height of the most distal 
primary rings 0 . 1 7-0 .20  mm, height: basal width l :  

1 . 5-1 . 75 .  Secondary rings also opisthocline occasionally 
with almost orthocline axial traces ,  prosocyrt only at the 
outermost part of rings, pro file convexo-concave or 
almost angular with crests sharp. 

Interspaces between rings covered by regularly spaced 
annulets. Distal slopes of distal rings normally with l or 2 
annulets. ane of the se rings always has a fixed position 
close to the base of the ring. Number of annulets 8-1 0 in 
the wide interspaces and 3-4 in the narrow interspaces 
distally. Annulets distinctly prosocline in attitude, 
straight or prosocyrt in section.  Outermost part of rings 

Fig. 54. Turmalites follingboensis n. sp.  D A. Holotype, SMNH X 
1 06 1 ,  x 1 5 ;  Follingbo 7, G 74-74 KL. D B . Oblique apertural 
Vlew of rmg, SMNH X 1 070,  x 1 0 0 ;  Haganas l ,  MS 489.  O C. 
Longitudinal section of distal conch wall, SMNH X 1 069, x 1 00 ;  
Follingbo 3 ,  MS 485 .  O D. Longitudinal section of ring, SMNH 
X 1 072 ,  x 250 ;  Kappelshamn 2 ,  G 72 -43 KL. D E, F .  Longitudi
nal sections of juvenile and early adult parts, x 75, and detail of 
septa, x 250, SMNH X 1 065 ; Follingbo l ,  MS 4 1 9 . 
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occasionally curved strongly inwards .  Rings thin, less 
than 0 .00 1  mm at the base and rising 0 .05-0 . 1 0  mm 
above surface of interspace . Wide interspaces flat or 
slightly concave, narrow interspaces always d istinctly con
cave . 

Whole conch ornamented with well developed lirae, 
occurring between annulets in the secondary interspaces 
and on the distal slopes of  the rings. Lirae crossing 
annulets, density 6-7 l irae per O . l mm. 

Proximal septal region :  the most distal septurn occur
ring at an outer conch diameter of  0.4 mm. First septum 
at an outer diameter of 0 .075  mm and ca. 0 . 25  mm 
behind the apex of the initial chamber. F irst septum very 
thm and consisting of only one lamina, possibly organic. 
Total number of septa unknown but exceeding 7. Septa 
well spaced occurring at irregular intervals 0 . 20-0 .50  mm 
apart, free parts perpendicular or oblique to long axis of 
conch, straight or slightly concave , direction of free parts 
normally varying within a specimen. Septa thin, on ly 
0 .00 1 mm. M ural parts of septa asymmetrical but long, 
extending along conch wall for 1 . 5-1 .6 mm, thickness the 
same as the free parts tapering only gradually. 

Living chamber conical with a blunt proximal end. 
Internal wall surface smooth proximally, undulating 
rather distinct distally, particularly close to aperture 
where asymmetrical annular concavities appear. Annular 
shelves of these rings occasionally distinctly concave and 
opisthocline. Annular concavities of secondary rings 
more symmetrical, annular shelves prosocline. 

Primary shell with pseudopuncta in proximal limbs of 
rings. Secondary shel l  of ten easily distinguished from 
primary shell , in the septal region by an organic layer but 
also at rings .  Thickness of primary shell is 0 .03-0 .05 mm 
proximally, gradually increasing to 0 .08-0 . 1 0  mm dis
tally. 

Remarks. - The ring pattern of Turmalites follingboensis 
may show some variation in development of the bi-annu
late arrangement. It  is occasionally diffuse in the distal 
part, while in the proximal part it frequently has rings 
increasing gradually in spacing in a distal direction .  The 
degree of obliquity may show some variation and the 
most distal rings are commonly more or less perpendicu
lar to the long axis. Internally, the direction of the free 
parts of the septa is variable.  This character is in com mon 
with the type species, cf. Ljashenko ( 1 969a, Pl .  4 :  1-6) .  

The bi-annulate ring pattern resembles that i n  species 
of Lonchidium d'Eichwald but never attains the strong 
cyclicity of the annulation in the latter. The shape of the 
rings is different. 

Occurrence. - Turmalites follingboensis appears first in the 
Hogklint Beds,  unit b, where it occurs sparsely at only a 
few localities around Kappelshamn B ay in northwestern 
Gotland. I t  occurs in the southwestern facies of the 
Hogklint Beds at Ansarve l and 3. The species ranges 
through the Slite Beds up to its last occurrence in the 
Ryssnas Limestone. I t  is very abundant in the Slite MarI . 
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Turmalites slitiensis n. sp .  
Figs. 1 2 B ,  55 .  

Derivation of name. - Latin slitiensis, from Slite, referring to 
the Slite Beds in which lies the type locality . 

Holotype. - SMNH No. X 1 07 7 ,  Fig. 55A .  

Type strata. - Slite Beds ,  Slite Marl (sample G 72 -39  KL) .  

Type locality. - Follingbo 5 ,  Gotland. 

Material. - From the type locality 6 specimens, from 
additional localities in the Slite Beds more than 250  
specimens. 

Diagnosis. - Medium sized slender Turmalites with a proxi
mal growth angle of 6-9°, distal part expanding at l _3 °  or 
becoming subcylindrical . Initial chamber slightly drop
like, bilaterally symmetrical . Annulation cyelic with 3 or 4 
rings per cyele proximally, 2 or 3 per cyele distally . 
Annulation slightly oblique. Rings with convexo-concave 
profile. Distal slopes of rings without annulets. Septa thin 
proximally, thick distally. Camerae high ly constricted .  
Internal wal l  surface irregular. Pseudopuncta rare . 

Description. - Conch slender, proximal part expanding at 
6_9°, distal part at 1 -3 ° or becoming subcylindrical. Distal 
part of conch straight, proximal part generaly showing 
slight curvature, length of  adult specimens estimated at 
1 6-- 1 7  mm. Initial chamber slightly drop-shaped with a 
pointed apex, elearly bilaterally symmetrical ,  constricted 
at juvenile part of the conch by a very faint annular 
depression.  Outer conch diameter at this point 0.08 mm.  
Length of initial chamber ca .  0 . 1 5  mm. 

Aperture slightly oblique to long axis  of conch. Distal 
outer conch diameter in fully mature specimens 1 .20-
1 .3 5  mm. 

Whole conch ornamented with slightly oblique rings 
and annulets. The former arranged in a cyelic pattern. 
Rings of equal size in extreme proximal part but increas
ing gradually in a distal direction, density of rings 1 4-20 
per mm. First primary ring developed at an outer conch 
diameter of 0 .20  mm. Cyeles of 3-4 rings. Rings generally 
arranged in pairs at the distal end. Cyelic pattern most 
distinct in juvenile and early adult parts of conch. Cyeles 
extended towards the distal end so that ri ngs are wide 
apart. Spacing of cyeles increasing from 0 .60-0 .70  mm in 
juvenile part to ca. 2 .0 mm in adult part . Primary rings 
increasing gradually in size towards distal end. Secondary 
rings occurring in primary interspaces and normally 
distal in each cyele ,  producing a wider secondary inter
space between the primary ring and the succeeding sec
ondary ring. Distally differences in spacing of rings are 
less obvious .  Secondary rings increasing gradually in size 
within each cyele, most obvious in juvenile part of conch.  

Rings asymmetrical ,  opisthoeline or occasionally 
orthoeline , with straight to opisthocyrt axial traces. Shape 
of rings convexo-concave with rounded, or sometimes 
flattened, crests, hinge line rather sharp occasionally 
forming the crestal line of the ring. Height of primary 

Table 33.  Turmalites slitiensis n. sp .  (dimensions in mm) 

Spee. No. DE EC ODID OPRD ODLS PA 

SMNH X 1 077  1 0 .49 0 .75 0 . 1 8  6° 
(holotype) 
SMNH X 1 078 8 . 55  0 . 1 5  6° 
SMNH X 1 079 14 .8 1 1 .3 5  0 .25  8°  
SMNH X 1 08 1  1 0 .08 0 .93 0 .20 7 °  
SMNH X 1 082 1 2 . 9 1  0 .80 0 . 1 0  8 °  
SMNH X 1 094 8 .07 0.95 0 . 1 6  0 .28 9° 

ring 0 . 04-0 .07 mm proximally, 0 . 1 2-0 . 1 5  mm distally . 
Height: basal width l :  1 .6-2 . 1 .  

Secondary interspaces in juvenile part concave except 
for the wider proximal interspace of each cyele which is 
comparatively flat .  Interspaces gradually flatter as they 
become wider towards the distal end.  

Interspaces with distinct annulets, one proximally, 
sometimes two in the distal secondary interspaces,  and 3 
or 4 in the wide, proximal interspace of each cyele. Distal 
part of conch with 5-7 annulets between rings . Annulets 
regularly spaced, attitude slightly prosoeline showing a 
prosocyrt curvature in section.  Height of annulets 0 . 05-
0.07 mm while the basal width is ca. 0 . 0 1  mm. 

Whole conch ornamented with distinct lirae, occupying 
tertiary interspaces, crossing annulets, and extending 
onto the distal slopes of rings up to hinge line. Density of 
lirae 8-1 0 per O . l mm. It  has not been possible to 
examine the interior of the initial chamber. Proximal 
septal region with regularly spaced septa, 0 . 1 5-0 . 1 7  mm 
apart. Minimum number 8. Last septurn forms at a conch 
diameter of ca. 0 . 30  mm. Free parts of septa straight or 
slightly concave and perpendicular to long axis. Septa 
generally thin, ca. 0 .005 mm, but last 3-5 are generally 
thicker, up to 0 .0 1 5  mm. Mural parts subparallel to conch 
wall and rather persisting. Mural parts of the most distal 
septa form an accretion zone of length 1 . 1 0-1 . 50  mm.  

Living chamber conical initially, proximal end with 
blunt tip reflecting the constriction of the last septurn.  
Distal part of living chamber approaching subcylindrical 
in shape. Internal wall surface irregular along the whole 
chamber, reflecting various stages in accumulation of 
lamellae in the annular concavities .  Concavities displaced 
far distally in relation to the crest of  the rings. Accumula
tion of lamellae particularly great on the proximal limbs 
of the primary rings, and distinct, opisthoeline annular 
shelves are formed. Secondary rings are also filled 
rapidly, but in these rings shallower annular concavities 
form which are proximal to the crest. 

Primary and secondary shells easy to distinguish. Few 
faint pseudopuncta observed in prima ry rings. Thickness 

Fig. 55. Turmalites slitiensis n .  sp.  D A. Holotype, SMNH X 1077 ,  
x 1 5 ;  Follingbo 5 ,  G 72 -39  KL .  D B , C .  Longitudinal sections of  
distal conch wall, x 1 00 ,  and juvenile part, x 60 ,  SMNH X 1 094 ; 
Follingbo 7 ,  G 74-74 KL. O D. Detail of distal interspace and 
rings, SMNH X 1 090, x 1 00 ;  Haganas l, MS 489. D E. Juvenile 
part with preserved initial chamber, SMNH X 1 092 ,  x 40 ; 
Allekvia l ,  Got 74-35 SB .  O F. Detail of initial chamber and early 
juvenile part, SMNH X 1 095 ,  x 200 ; sample as for E. 
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of prima ry wall fairly uniform along entire conch,  bet
ween 0 .03-0 .05  mm.  

Remarks. - Turmalites slitiensis is  recognized primarily by 
the rhythmic, slightly oblique, proximal ring pattern 
which mostly has three rings per cyele and by the 
extended,  less rhythmic, distal cyeles. The elearly con
vexo-concave profile of the rings and the lack of annulets 
on their distal slopes are significant external characters. 
Variations in the rhythmic development may occur, 
particularly in the distal part. The number of rings per 
cyele may vary, occasionally being 5 or 6 .  

Turmalites slitiensis shows similarities in the distal part o f  
the conch t o  Turmalites follingboensis, particularly if the 
bi-annulate ring pattern is pronounced. Generally, the 
rings of T. follingboensis are more strongly oblique than 
the rings of Turmalites slitiensis. The distal part of T. 
slitiensis may resemble that of Diericoeonus acutalis. How
ever, the latter species has denser rings and in the 
primary interspaces has secondary rings, not annulets as 
in Turmalites slitiensis. 

Oecurrenee. - Turmalites slitiensis is a com mon species in the 
Slite Beds unit g and in the Slite MarI. One questonable 
occurrence is from unit d of the Slite Beds (Stora Myre 1 ) . 
However, the state of preservation does not perrnit safe 
determination.  Some specimens found at Vallstena 1 
indicate that the species extends into the Pentamerus 
gotlandieus Beds .  Turmalites slitiensis has not been found 
outside Gotland . 

Genus Volynites Lj ashenko 1 957  
Type speeies (by original designation) .  - Volynites russiensis 
Ljashenko 1 957 ; from the Borshchov Stage, Lower Devo
nian of Podolia. 

Speeies on Gotland. - Volynites muldiensis n .  sp . ,  V. sealpratus 
n. sp .  

Stratigraphieal and geographical distribution. - The type 
species detives from the lowermost Lochkovian of 
Podolia. Other Volynites species described are from the 
Lower Devonian of Massif Armoricain, France, and 
northern Poland. On Gotland, the genus is represented 
only in the uppermost Wenlockian. 

Remarks. - A new diagnosis is needed for Volynites Lja
shenko because the original (Ljashenko 1 957  c :  96) is toa 
general and does not mention important characters 
which distinguish the genus from other Volynitidae, e .g .  
Podolites Ljashenko. The type material needs to  be re-ex
amin ed first because the published illustrations Lja
shenko ( 1  957c,  Pl. 3 :  1 -2 )  are insufficient for this purpose. 

From the Gotland species referable to this genus ,  
Volynites muldiensis n .  sp .  and V. scalpratus n .  sp . ,  it appears 
that the genus is elosely related to Podolites Ljashenko, but 
may be distinguished from it by having less rounded 
rings, and annulets in the proximal and early distal parts 
of the conch are poorly developed or even lacking. 

Table 34 .  Volynites muldiensis n .  sp .  (dimensions in mm).  

Spee .  No. DEEC ODID OPRD OD FR ODLS P A 

SMNH X 1 255  9.40 0.83 0 .20  0 .69 5 .5°  
(holotype) 
SMNH X 1230  9 . 50  0 .83 0 . 1 8  0 . 7 1 0 .32  5°  
SMNH X 123 1 7 .68 0 .67 0 . 1 2  0 .5 1 0 .27  6° 
SMNH X 1232  1 0 . 1 0  0 .75  0 . 1 4  0 .57  0 .30  5°  
SMNH X 1233 7 .84 0 .59 0 . 1 4  0.43 0.26 5 . 5 °  
SMNH X 1 234 9.90 0 .7 1 0 . 1 4  0 .5 1 0 .34 5° 
SMNH X 1 242 1 1 . 50 0 .99 0 . 1 6  0 .69 6° 
SMNH X 1 243 1 0 .30  0 .79  0 . 1 2  0 .57  6° 
SMNH X 1 244 6.4 1 0 .65 0 . 1 6  0 .49  0 .45  6° 

The two Volynites species occur in the Mulde B eds of 
Gotland (uppermost Wenlockian) .  This i s  the earliest 
record of the genus. 

Volynites muldiensis n .  sp. 
Figs . 7 D-F , 9A-B , I 8 A-B , I 9A ,  D ,  20, 2 1 ,  23A, 56. 

Derivation of name. - Latin Muldiensis, from the Mulde 
area, which ineludes the type locality. 

Synonymy. - D Tentaculites sp .  - Fisher, 1 962 : W I I O ,  Fig. 
55: 8 Ipartim) .  D Tentaculites ( s . l . )  n. sp. B - Zagora, 1 974 : 
1 22 5 ,  Pl .  3 :  1 --8 .  

Holotype. - SMNH No. X 1 2 5 5 ,  Fig. 56A.  

Type strata. - Mulde Beds  (sample MS 608 ) .  

Type loeality. - Mulde Tegelbruk 1 ,  Gotland . 

Material. - From the type locality over 4 .600 specimens, 
from additional localities in the Mulde Beds 3 1 5  speCl
mens, and 3 specimens from the Halla B eds .  

Diagnosis. - Medium sized,  slender, Volynites, proximal 
part expanding at 4--6°, d istal part at 1 _3 °, straight except 
occasionally with sl ight proximal curvature. I nitial 
chamber steeply conical, at a slight angle to proximal 
part. Annulation of two types ; proximal pattern of 
slightly oblique secondary rings separated by few an
nulets. Rings occasionally varying in thickness around 
their circumference, distal pattern of widely spaced 

Fig. 56. Volynites muldiensis. n. sp. A ,  B ,  F, G.  Mulde Tegelbruk l ,  
M S  608 . C .  Molner l ,  G 74-40 KL. D ,  E .  Mulde Tegelbruk l ,  MS 
1 0/ 1 96 1 :  col l .  H .  Mulde Tegelbruk l ,  MS 798 ; l .  Mulde 
Tegelbruk l ,  unnumbered SMNH sample. O A. Holotype, 
SMNH X 1 255 ,  x 20. O B. Specimen show ing irregular sec
ondary rings proximal to the first primary ring, SMNH X 1683 ,  
x 25 .  O C .  ]uvenile part with initial chamber, SMNH X 1258 ,  
x 40 .  O D . Specimen showing late juvenile and early adult parts 
with repairs to the conch wall, SMNH X 1 249 ,  x 1 5 .  O E .  Early 
adult part of conch, SMNH X 1 254, x 1 5 .  O F .  Detail of distal 
rings, SMNH X 1257 ,  x 75. O G. Detail of secondary rings 
immediately proximal to the first primary ring, SMNH X 1 256,  
x 75 .  O H .  Longitudinal section of distal conch wall, SMNH X 
1 2 1 9 ,  x 1 75 .  O l .  Longitudinal section of septal region,  SMNH 
Mo .  4 1 147 ,  x 250 .  
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primary rings separated by interspaces with variable 
number of secondary rings and having annulets. Rings 
asymmetrical, convexo-concave. Lirae well developed, 
proximally occasionally on crests of rings . Proximal part 
divided internally by numerous septa, those most distal 
slightly thickened and forming an accretion zone or 
endoconic. Living chamber conical with pointed proxi
mal end and irregular internal wall surface . Conch wall 
without pseudopuncta. 

Description. - Conch slender, proximal part expanding at 
4-6°, distal part at l-3 °, change in growth angle gradual .  
Normally straight but occasionally with slight proximal 
curvature . Adult length 9-1 1 mm, occasionally 12 mm. 

Initial chamber distinctly conical, deviating slightly in 
direction from adjacent proximal part ,  bilaterally sym
metrical , with a slightly flattened side towards the con
cave curvature and an opposite, convex side, apex 
pointed. Distal half of chamber ornamented with a pair 
of minute rings. Length of chamber ca. 0 . 1 5  mm, distal 
diameter ca. 0 .07 mm. Interior of initial chamber un
known. 

Aperture perpendicular to long axis. Outer distal 
diameter mostly 0 .95-1 .00 mm, seldom exceeding 1 . 1 0  
mm. 

Ornament of rings and annulets in two basic patterns. 
Juvenile and early adult parts, i .e .  almost 2 /3 of total 
length, with rings of gradually greater size and spacing, 
rings alternating with annulets, both of ten oblique to 
long axis. Interspaces between very early rings concave , 
smooth, at conch diameter ca. 0 . 1 5  mm each interspace 
with one annulet commonly in the proximal half, more 
distally each interspace with two or three annulets of 
equal size and spacing. Density of rings changing grad u
ally from 5-7 per mm proximally to 3-4 per mm by first 
primary ring. Rings low, clearly asymmetrical, with 
orthocline or weakly prosocline axial traces ,  profile con
vexo-concave, crests rounded, hinge lines sharp. Height: 
basal width of ring l :  1 . 5-2 . 0 .  Thickness of 4 or 5 rings 
immediately proximal to first primary ring varying occa
sionally along the circumference , thus resembling an
nulet (Fig. 56B ; Zagora 1 974 , Pl. 3 :  1 -2 ) .  

Annulets small , 0 .02-0 .03 mm high , triangular i n  
section, outer margins extended i n  t o  thin prosocline 
flange.  

Distal r ing pattern of widely spaced primary rings 
separated by secondary rings and annulets. Primary rings 
normally 3 or 4 but occasionally 5, 1 . 50-2 .70  mm apart, 
rather irre gular but interval seldom increasing. First 
primary ring normally at outer conch diameter of 0 .65-
0 .80 mm, size increasing gradually distally. Primary rings 
asymmetrical, orthocline, with axial traces strongly 
opisthocline and slightly prosocyrt, but often diffuse in 
outer part because of hemispherical laminae , profile 
convexo-concave , hinge lines relatively marked.  Height 
of distal ri ngs 0 . 1 3-0 . 1 5  mm, height :  basal width l :  
1 .0-1 . 5 .  

Distal secondary rings similar in size and shape to  those 
of juvenile and early distal parts ; 3-5 ,  generally regular 
in first or first two primary interspaces ,  and with gradual 
slight increase distally in each interspace , most distal 

primary interspaces with only one or two, variously 
positioned secondary rings. Secondary rings absent from 
some conchs. 

Distal annulets well-developed, regularly spaced in 
secondary interspaces and on distal slopes of the primary 
rings , one or two normally between the secondary rings. 
Most distally, density 14-20 per mm. Annulets slightly 
prosocyrt, slender in section , height 0 .03-0 .05 mm, basal 
width 0 .003-0 .005 mm.  

Interspaces mostly concave, as  is particularly evident in 
tertiary interspaces, secondary interspaces also slightly 
concave. 

Lirae distinct over whole conch, occupying tertiary 
interspaces and crossing annulets, in some conchs lirae 
also on crests but not on proximal slopes of rings in 
juvenile part, never on crests of primary rings. Distal 
density of lirae 8-1 0 per O . l mm. 

Proximal septal region ;  septa numerous, of ten more 
than 1 0 ,  well spaced and free except distally occasionally 
endoconic. Free parts slightly concave or straight and 
commonly somewhat oblique to long axis .  Proximal septa 
thin, but most distal 4-6 strongly thickened. M ural parts 
particularly thick and generally forming an accretion 
zone 1 . 5-3 .0 mm long, mural parts comparatively short 
and decreasing rapidly in thickness so that camerae are 
pronouncedly conical. Proximal camerae subcylindrical. 
Most distal septurn in adult specimens at conch diameter 
of 0 . 25-0 .35  mm, in some large specimens at 0 .40-0 .45 
mm; septurn generally with narrow free part and rapidly 
tapering mural part. 

Living chamber proximally fairly pointed because of 
shape of last septurn,  distally symmetrical and conical 
with irre gular internal wall surface . Annular shelves 
distinct, generally orthocline or slightly opisthocline. 

No pseudopuncta. Primary shell distinguished easily 
from secondary shell by distinct inner organic layer. 
Thickness of primary shell 0 .005-0 .0 1 mm proximally, 
0 .02-0 .03 mm distally. 

Remarks. - The characteristic ring pattern of Volynites 
muldiensis distinguishes it from all other species on Got
land. Some variation occurs in the obliquity of  the proxi
mal rings and, particularly, in the distal ring pattern in 
the spacing of the primary rings and the number of 
secondary rings per interspace . Internally, the position of 
the last septurn varies among populations .  

Occurrence. - Volynites muldiensis has only been identified 
certainly from the Mulde Beds, where it forms the 
dominant species in the upper part. Some poorly pre
served specimens, herein designated as Volynites cf. 
muldiensis, have been found at Gandarve l in the Halla 
Beds .  The species is still unknown outside Gotland . 

Volynites sealpmtus n .  sp .  
Figs . 8E ,  5 7 .  

Synonymy. - O Tentaculites s p .  - Fisher 1 962 : W 1 1 0 ,  Fig. 
55: 8 (partim) .  O Tentaculites ( s . l . )  wenlockianus Vine -
Zagora 1 974 : 1 226 ,  Pl .  l :  5-6 4 :  1 0- 1 2 .  



Derivation of name. - Latin scalpratus, having a sharp edge, 
referring to the rings. 

Holotype. - SMNH No. X 1 2 7 0 ,  Fig. 57 A. 

Type strata. - Mulde Beds (sample G 77 -5 KL) .  

Type locality. - Mulde Tegelbruk l ,  Gotland. 

Material. - From the type locality, 1 08 specimens .  

Diagnosis. - Medium-sized , slender Volynites with curved 
proximal part and straight adult part. Proximal growth 
angle 6 . 5--8 °. Annulation of  cydes of 4-7 rings, each cyde 
with one distinct primary ring and severaI secondary 
rings. Juvenile part with regularly spaced secondary 
rings. Rings high, well defined, crests sharp. Annulets 
absent, or few in  the secondary interspaced and on the 
distal slopes of the distal rings . Interspaces concave. Lirae 
distinct. Living chamber with irregular internal wall 
surface , annular shelves distinct. Conch wall with 
pseudopuncta, distinct in proximal limbs of rings, less 
d istinct in distal limbs. 

Description. - Slender, proximal part expanding at 6 . 5--8 °, 
distal part at 2-3 °, change in growth angle gradual. Very 
early proximal

- part commonly subcylindrical , dearly 
curved up to first primary ring with maximum deflection 
of 0 .20--0 .25  mm from sagittal plane through distal living 
chamber. Medium-sized, estimated full length 1 2- 13  
mm, but  no  initial chamber found. Minimum proximal 
diamter 0 . 1 1  mm, outer distal diameter 1 .30-1 .50  mm in 
adults, aperture perpendicular to long axis .  

Ornament of distinct rings and annulets perpendicular 
to long axis. Curved proximal part with regularly spaced 
secondary rings along most of length up to first primary 
ring; the latter at outer conch diameter of 0 .45--0 .55  mm 
and more than 3 mm from apex. 

Juvenile rings of gradually greater size and spacing 
distally , in extreme subcylindrical part dense and much 
smaller than later rings , density decreasing from 9-1 0  
per m m  proximally to 6-7 per m m  immediately before 
first primary ring. Secondary rings asymmetrical, 
orthodine, pro file convexo-concave, crests rounded, 
hinge lines very sharp and of ten extended into strongly 
prosodine, short flange. Height: basal width ca. l :  l .  

Distal rings in distinct cydes ;  number of cydes in fully 
adult specimens 5 or 6, rings per cyde 4-7 proximally 
and 3 or 4 distally, each cyde with one distinct primary 
ring and severaI secondary ri ngs either of one size or 
gradually increasing in size distally. Primary rings 0 .80-
2 .00 mm apart, spacing normally increasing gradually 
distally. Spacing of first two primary ring frequently 
wider than thereafter and with more rings, of ten 5 or 6 ,  
than later cydes.  

Primary rings asymmetrical, with orthodine, straight, 
slightly opisthocyrt or prosocyrt axial traces .  Profile con
vexo-concave , crests rounded, hinge line sharp, proximal 
slopes generally much steeper than distal slopes. Primary 
rings high, most distally 0 . 1 5-0 .20  mm above adjacent 
interspaces .  Height: basal width l :  0 . 7--0 . 8 .  

S ilurian tentaculitids from Gotland and S cania 1 39 

Distal secondary rings regularly spaced in primary 
interspaces, normally with somewhat wider spacing bet
ween the primary ring and the succeeding secondary 
ring. Size gradually increasing distally but constant within 
cydes, attitude and shape of  rings similar to those proxi
mally. 

Annulets almost absent from juvenile part, if  present 
always occupying secondary interspaces immediately be
fore first primary ring and only one per interspace . 
Annulets rare in distal part, earliest cydes commonly with 
only one annulet per secondary interspace , most distal 
cydes with 6 or 7 annulets in wide proximal interspace 
but on ly one or two in other interspaces .  Annulets 
extending onto distal slopes of rings, 2 or 3 regularly 
spaced ,  opisthocyrt or, more rarely, prosocyrt. Height of 
annulets 0 .03--0 .05  mm. At distal end, annulets with 
wider bases and more triangular in cross-secion. 

All secondary and tertiary interspaces concave, 
particularly distinctly so in juvenile part where slopes of 
rings continue directly into interspaces,  the most distal 
secondary interspace commonly sloping inwards slightly. 

Lirae very distinct along whole conch, occupying all 
tertiary interspaces and distal slopes of rings, always 
crossing annulets. In some specimens traces on crests of 
rings, always absent from proximal slopes. Density 6 per 
O . l mm proximally, 5--6 per O . l  mm distally. 

Proximal septal region with numerous,  frequently 1 0-
1 5 ,  septa. Septa regularly spaced, perpendicular to long 
axis, free parts straight or slightly concave. Distal septa 
rather thick, commonly forming a distinct accretion zone 
up to 3-3 .5 mm long and occasionally endoconic because 
of prominent thickening of  mural parts . Mural parts of 
all septa long, 0 .7-1 .00 mm. Last septurn at outer conch 
diameter of  0 .50--0 .55  mm.  

Living chamber symmetrical, conical, wi th narrow prox
imal end. Internal wall surface smooth proximally ,  
strongly irregular distally because of incomplete filling of 
annular concavities .  Annular shelves very prominent, 
ortho- or opisthodine in primary rings, prosodine in 
secondary rings .  Secondary interspaces sloping inwards 
slightly so diameter of living chamber somewhat less 
before than after a ring. 

Pseudopuncta distinct in proximal Iimbs of rings, best 
developed in outermost lamellae, less distinct in distal 
limbs and parts of  secondary interspaces .  Primary shell 
distinguished easily from secondary shell ,  thickness 0 .0 1 -
0 .02 m m  in juvenile part, 0 . 03-0 .04 m m  i n  distal part. 

Remarks. - Volynites scalpratus is  easily recognized because 
of the characteristic arrangement of rings and their 
sharp-edged crests. Furthermore, the absence of an
nulets from proximal secondary interspaces, the com
paratively low number of  annulets distally and the dis
tinct I irae are significant features. Generally, the 
characters vary little ;  the position of the first primary 
ring and the spacing between it and the next prima ry 
ring may vary slightly. 

Volyniies scalpratus was identified as T. wenlockianus Vine 
by Zagora ( 1 974 , PI .  1 :  5--6 , 4 :  1 0-1 1 ) . There is good 
reason to believe that reports of T. wenlockianus in the 
Mulde Beds ,  e . g. ,  Chapman ( 1 90 1 : 1 57 ) ,  van Hoepen 
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Table 35. Volynites sealpratus n. sp. (dimensions in mm) .  

Spee. No.  DEEC ODm OPRD ODLS WLCY PA 

SMNH X 1270  6 .45 0 .87 0 . 1 4  1 .39  7 . 5 �  
(holotype) 
SMNH X 1 2 7 1 7 .29 0 .83 0 . 1 6  1 .54 7 °  
SMNH X 1277  5 . 27  0 .83 0 .28 1 . 1 5  7 °  
SMNH X 1280  5 .07  0 .83 0 .26 0 .87 8 ° 
SMNH X 1 28 1  4 .24 0 .83 0 .28 1 .3 1  8 °  
SMNH X 1 282 3 .56 0 .59 0 . 1 6  0 .50 1 .03 7 . 5 °  
SMNH X 1283  6 .57  1 .07 0.48 1 .09 
SMNH X 1 284 5 . 98 0 .75  0 . 1 4  0 .55  1 .74 6 .5 °  
SMNH X 1 285 3 .76

-
0 .59 0 . 1 2  0 .50 0 .79  7 °  

( 1 9 1 0 :  146 ) ,  Hede ( 1 92 7 :  38 ) ,  refer to  Volynites scalpratus. 
There are some similarities to Vine's ( 1 882 )  figured 
specimens, PI. 1 5 :  5-6 , especially the general arrange
ment of the distal rings and the concave interspaces .  
However, Vine's figures have numerous annulets in the 
interspaces,  a feature not found in Volynites scalpratus. 
Examination of Vine's type material reveals no more 
similarities of T. wenlockianus to Volynites scalpratus. Vine's 
material is unfortunately fragmented and is mainly distal 
parts. The rings are comparatively low and without the 
sharp crests to rings so characteristic of Volynites 
scalpratus. 

Occurrence. - Volynites scalpratus has a very limited dis
tribution both geographically and stratigraphically. I t  has 
only been found at the type locality in the Mulde Beds .  

Family Rossiitidae Ljashenko 
1 969 
Type genus. - Rossiites Ljashenko. 

Genera. - Dicricoconus Fisher, Omulites Ljashenko, Rossiites 
Ljashenko, Samarites Ljashenko. 

Stratigraphical and geographical distributi n. - Representa
tive of this cosmo olitan family occu,r in the lower and 
middle Devonian. [../t" �rF' , _;  - 1 

Remarks. - The original diagnosis by Ljashenko ( 1 969c: 
I l l ) is sufficient to differentiate this from all other 
tentaculitid families .  The most characteristic features are 

Fig. 57.  Volynites scalpratus n.  sp.  D A. Holotype, SMNH X 1270 ,  
x 2 5 ;  Mulde Tegelbruk l ,  G 77-5 KL. O B .  Lateral view of late 
proximal part and first primary ring, SMNH X 1272 ,  x 60 ;  
Mulde Tegelbruk l ,  MS 765 D .  O C .  Longitudinal section of 
septal region, SMNH X 1 274 ,  x 7 5 ;  Mulde Tegelbruk I ,  MS 
608 . O D .  Detail of rings,  SMNH X 1 273 ,  x 75; sample as for B.  
O E. Longitudinal section of distal conch wall ,  SMNH X 1275 ,  
x 1 00 ;  sample a s  for C .  O F. Juvenile part, SMNH X 1 276 ,  x 25 ;  
Mulde Tegelbruk l ,  MS 765C.  
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the well spaced prima ry ri ngs separated b y  numerous 
secondary rings, and the smooth internal wall surface of 
the living chamber. Only one genus,  Dicricoconus Fisher, 
is represented in Sweden. 

Genus Dicricoconus Fisher 1 962 
Synonymy. - o Tentaculites von Schlotheim 1 820  Ipartim) -

Ljashenko 1 954 . O Heteroctenus n. gen.  - Ljashenko 1 955 .  
O Dicricoconus n .  gen . (nom. subst. pro Heteroctenus Lja
shenko 1 955 ,  preocc . ) .  

Type speeies (by original designation) .  - Tentaculites 
mesodevonicus Ljashenko 1 954 ; from the Givetian of  
USSR. 

Speeies on Gotland and in Scania. - Dicricoconus acutalis n .  
sp . , D .  aemulus n .  sp . , D .  clintianus n .  sp . ,  cracens n .  sp . ,  
D. gutnicus n .  sp . , D. svarvariensis n .  sp . ,  D. tenuissimus 
(Hede) , D. valliensis n. sp .  

Diagnosis (emended herein) .  - Straight, or with slight 
proximal curvature, small- to large-sized, 7-3 0  mm long, 
initial chamber conical, aperture perpendicular to long 
axis .  Ornament of rings of  different size, widely spaced,  
occurring singly or in pairs or threes .  Interspaces flat or 
concave, with numerous regular, smaller rings. Proximal 
septal region with free,  straight, regularly spaced septa. 
Internal wall of living chamber smooth. No 
pseudopuncta. 

Stratigraphical and geographical distribution. - The type 
species, Dicricoconus mesodevonicus (Ljashenko 1 954 ) oc
curs in the Middle Devonian of USSR. Other species of  
the genus occur in be  ds of  Ludlovian-Frasnian age. The 
genus is cosmopolitan.  On Gotland the genus I S  rep
resented from the Slite to the Hemse Beds .  

Remarks: - The characteristic features of Dicricoconus 
Fisher are the widely spaced primary rings occurring 
singly or in pairs or threes,  and separated by interspaces 
with or without smaller secondary rings and abundant 
annulets, and the smooth internal wall surface of the 
living chamber. The absence of pseudopuncta is also 
typical .  The rings adjacent to primary ring(-s) are of ten, 
gradually, larger ;  in severai species this gives the inter
spaces a most distinctive concave shape. These features 
serve weU to distinguish the genus from all other known 
tentaculitid genera. The pattern of paired ri ngs fre
quently observed in Dicricoconus resembles that of 
Lonchidium, but internal structures are different. The 
latter genus has a distinctly irre gular internal wall 
surface . The paired rings in  Dicricoconus are much denser 
than in Lonchidium. 

A nuinber of species have been referred by Ljashenko 
( 1 959) ,  and Lardeux ( 1 969) to this genus .  Lardeux's 
( 1 969) generic designation is uncertain because no sec
tions of internal structures are figured. 
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Dicncoconus acutalis n. sp .  
Fig. 58 .  

Derivation of name. - Latin acutalis, pointed,  sharpened, 
referring to the sharpedged crests of  the secondary rings 
and the annulets. 

Holotype. - SMNH No. X 1 1 26 ,  Fig. 58A. 

Type strata. - Slite Beds,  Slite Mari ( sample G 74- 1 3  KL) .  

Type locality. - Gane 2 ,  Gotland . 

Material. - From the type locality 1 7  s pecimens, from 
other localities over 1 00 specimens. 

Diagnosis. - Narrow, medium-sized, straight, occasionally 
with slight proximal curvature . Proximal part expanding 
at 4 . 5-5 . 5 °, distal part at 2-4°. Annulation, proximally 
with regularly spaced primary rings separated by regular 
secondary rings, distally frequently with irregularly 
spaced primary rings. Primary ri ngs distinctly convexo
concave, secondary rings angular or cuspidate with 
sharp crests. Annulets sparse. Lirae well-developed. 
Primary and secondary shells distinct. 

Descnption. - Narrow, proximal part expanding at 4 .5-
5 . 5 °  and distal part at 2-4°, straight or occasionally with 
slight proximal curvature. Length in fully adult speci
mens estimated as 1 2-14 mm, no initial chamber found. 
Smallest outer proximal diameter 0 .06 mm, outer distal 
diameter generally 0 .85-0 .90 mm, aperture perpendicu
lar to long axis. 

Annulation prominent, with rings and annulets 
perpendicular to long axis. Rings regular proximally but 
less regular distally; proximal part up to outer conch 
diameter of 0 .20  mm with rings of one size and regularly 
spaced, further distally distinct primary rings occurring 
at regular intervals and generally 0 .45-0 .55  mm apart. 
Primary interspaces with 4 or 5 secondary rings either of 
one s ize or increasing gradually in s ize distally. Distal 
primary rings regularly or irregularly spaced, the latter 
type denser, interspaces with 3-6 secondary rings com
monly of rather irre gular size. Density of primary rings 
2-3 per mm both proximally and distally. 

All primary rings asymmetrical, slightly prosocline , 
axial traces slightly prosocyrt, profile convexo-concave , 
crests rounded. Height of distal rings O . l mm, height :  
basal width l :  1 . 5-2 . Secondary rings mostly symmetrical 
or sl ightly asymmetrical, prosocline, prominently angular 
to cuspidate with sharp crests. Height of secondary rings 
0 .03-0 .06 mm. Size generally very variable, even within 
an interspace. 

Annulets sparse in secondary interspaces .  Distinction 
of annulets from small rings sometimes difficult, but in 
section easily distinguished. 

Primary interspaces flat, secondary interspaces clearly 
concave. 

Lirae distinct in tertiary interspaces ,  dens it y 8-1 0 per 
O . l mm, crossing crests of annulets but never of rings. 

Proximal septal region ;  septa very thin, variably 

Table 36. Dicricoconus acutalis n .  sp. (dimensions in mm).  

Spee .  No. DEEC ODm OPRD OD FR PA 

SMNH X 1 1 26 8 . 36  0 .83  0 .22  5 °  
(holotype) 
SMNH X 1 1 28 2 .85 0 .36 0 .08 5 °  
SMNH X 1 1 29  7 .44 0 .6 1 0 . 1 8  5 °  
SMNH X 1 1 30  8 .59  0 .67 0 . 1 4  4 °  
S M N H  X 1 1 3 5  3 .88 0 .50 0 . 1 6  5 . 5 °  
SGU Te  55  8 .24 0.68 0 .20  0 .24 
SGU Te 56 5 .80 0 .52  0 .06 0 . 1 8  5 °  
SGU T e  57 6 .24 0 .60 0 . 1 6  5 . 5 °  

spaced,  0 .20-0 .45 mm apart. Free parts perpendicular or  
oblique to  long axis, straight or ,  particularly in the 
thinnest septa, frequently slightly undulating. Mural 
parts very long, stacking increasing considerably the total 
thickness of the wall. Total number of  septa and position 
of last septurn in flilly grown specimens not determinable 
from material available . 

Living chamber slightly conical and symmetrical . Inner 
wall  surface smooth along most of length, distally with 
slight irregularities if annular concavities incompletely 
filled . Annular shelves very narrow and poorly de
veloped.  

Primary shell , wel l  separated from secondary shell by 
prominent inner organic layer.  No pseudopuncta. Thick
ness of primary shell 0 .0 1 -0 .02 mm proximally, increas
ing gradually to 0 .03-0 .04 mm distally. 

Remarks. - Dicncoconus acutalis is characterized particu
larly by its irregular proximal ring pattern and by the 
acute secondary rings. The distinctly convexo-concave 
profile of the primary rings is of considerable signifi
cance. The distal ring pattern may occasionally be rather 
variable in spacing of primary rings and size of the 
secondary rings . This may sometimes make it difficult to 
distinguished Dicncoconus acutalis from Turmalites 
slitiensis, if the secondary rings of the former species 
increase gradually in  size distally in each primary inter
space. However, the latter species has more rounded 
crests to the rings and a greater proximal curvature. 

Occurrence. - Dicncoconus acutalis is restricted to the Slite 
Beds and is rather com mon in the Slite MarI. It occurs 
from the Slite Mari, northwestern part up to the P. 
gotlandicus - A.  reticulans Beds of northeast Gotland. A 
questionable occurrence at Nygårds l may extend the 
range into the Pentamerus gotlandicus Beds of the south
west. I t  has not been found outside Gotland. 

Fig. 58.  Dicricoconus acutalis n.  sp.  D A. Holotype, SMNH X 1 1 26,  
x 1 5 ;  Gane 2 ,  G 74- 1 3  KL. D B .  Detail of early adult  part, 
SMNH X 1 09 1 ,  x 7 5 ;  Follingbo 3, MS 485 .  D C .  Longitudinal 
section of distal part, SMNH X 1 1 33 ,  x 7 5 ;  Allekvia I ,  Got 74-35 
SB.  D D .  Longitudinal section of juvenile part, SMNH X 1 1 39 ,  
x 125 ;  sample as for C .  
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Fig. 59. Dicricoconus aemulus n. sp. B ,  E, D. Botes l ,  G 74-32 KL. 
O A. Almost complete speeimen, LO 4885t ,  x 25;  "Petesviken", 
unnumbered PDL sample. O B .  Holotype, SMNH X 1 302,  x 25 .  

Dicricoconus aemulus n .  Sp .  
Fig .  59 .  

Derivation of name. - Latin aemulus, stnvmg to equal, 
referring to the repeated occurrence of a secondary ring 
immediately following the primary ring of each cyele. 

Holotype. - SMNH No. X 1 3 0 2 ,  Fig. 59B .  

Type stmta. - Klinteberg Beds,  Klinteberg Marl (sample G 
74-32 KL) .  

Type locality. - Botes l ,  Gotland . 

O C. Longitudinal section of septal region,  SMNH X 1 309, x 75 .  
O D . Longitudinal section of distal part, SMNH X 1 306,  x 1 00 .  

Material. - About 50  specimens from the type locality, 14  
speeimens from other localities in the  Klinteberg Beds ,  
and about 15 speeimens from localities in the Hemse 
Beds.  

Diagnosis. - Small-sized slender Dicricoconus, growth angle 
5°. Straight distally, elearly curved proximally . Annula
tion proximally with rings of gradually greater size and 
spaeing, distally with widely spaced primary ri ngs each 
followed directly by one similarly shaped secondary ring 
and occasionally also preceded by such a ring. Inter
spaces markedly concave with regular smaller secondary 
nngs. 



Table 3 7. Dicncoconus aemulus n. sp. (dimensions i n  m m) .  

Spee. No. DEEC ODID OPRD WLCY PA 

SMNH X 1 3 02 3 . 1 3  0.40 0 .28 0 .75 
(holotype) 
SMNH X 1 303 2 .89  0 .36 0 .24 0 .79  
SMNH X 1 3 04 1 .88 0 .26 0 . 1 8  0 .50  5°  
SMNH X 1307  6 .22  0.42 0 .08 1 . 1 9  5°  
LO 4885 t 5 . 04 0.40 0 .04 0.44 

Description. - Narrow, proximal part expanding at 5 °, and 
distal part at 2-2 . 5 °, gradual change in growth angle 
immediately pro xi mal of first primary ring. Distinet 
proximal curvature for ca. 1 .50  mm, deflection of proxi
mal end from sagittal plane through living chamber 0 .40 
mm. Small-sized,  estimated full length of 9-1 0 mm, no 
initial chamber found.  Outer proximal diameter ca. 
0 .08 mm, outer distal diameter in mature specimens 
0 .40-0 .45  mm, aperture perpendicular to long axis. 

Annulation of  rings perpendicular to long axis, in two 
patterns. Proximal part with rings of gradually greater 
size and spacing distally. Ring density in proximal ex
treme 40-45 per mm, rapidly decreasing to 20 per mm in 
middle juvenile region and 1 5- 1 6  per mm immediately 
prol}imal to first primary ring. Rings all almost symmetri
cal or sl ightly asymmetrical, axial traces prosodine, pro
file comparatively angular, crests narrow and well
defined. Distal ring pattern very characteristic ; regularly 
spaced pairs of one primary ring immediately followed 
by large secondary ring, sometimes ring be fore primary 
ring of such size to give ring triplet, with central ring 
always largest, but proximal ring always slightly further 
than distal one from primary ring. Spaeing of ring pairs 
or triplets 0 . 55-0 .70  mm, gradually increasing distally. 
Primary and following secondary ring distinctly raised, 
height of primary ring 0 . 07-0 .09  mm. Rings slightly 
asymmetrical ; axial traces weakly prosocyrt, most curved 
dose to crest, straighter towards interior. Hinge and 
crestal lines coincident, profile slightly convexo-concave 
or convexo-plane, hinge line sharp. Pairs or triplets sepa
rated by 5 or 6 regularly spaced rings, within cydes 
gradual size increase distally, occasionally gradual intital 
size decrease then increase giving smallest rings in centre. 
Proximal rings of distal primary interspaces similar to 
annulets, distal rings clearly secondary rings ; transition 
gradual so distinction of rings and annulets sometimes 
difficult. Rings similar to those of juvenile part. 

Primary interspaces distinctly concave ; secondary in
ters pace between primary rings and following secondary 
ring always narrow, about half basal width of prima ry 
ring, interspace preceding primary ring wider and flat
ter. 

Lirae not dearly present. On some specimens very 
faint longitudinal striation but preservation not permit
ting further examination.  

Proximal septal region ;  septa perpendicular to long 
axis ,  total num ber unknown because of insufficient mat
erial, well spaced 0 . 20-0 .25  mm apart, last septurn at 
outer conch diameter of 0 . 1 8  mm but this diameter 
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probably not in mature specimen, free parts of septa 
straight and thin. 

Living chamber with smooth internal wall surface . 
Primary rings with pronounced thickening of wall ,  en
tirely filled by laminae even very dose to aperture, 
lamellar accumulations producing slight constriction of 
l iv ing chamber and s l ight undulations of wal l .  No 
pseudopuncta. Inner organic layer well developed. 
Thickness of  primary shell 0 .0 1 -0 .0 1 5  mm proximally, 
slightly thicker distally. 

Remarks. - Dicricoconus aemulus is characterized particu
larly by the distal ring pattern, especially well seen in 
specimens from the Klinteberg MarI .  Sometimes the 
distal r ing pattern is not so dear and then D. aemulus 
could be confused with Dicricoconus tenuissimus, which has 
a similar juvenile region with a curved conch and rings of 
gradually greater size and spacing. This problem is 
marked at some localities s lightly higher in Hemse Beds 
than Eske l and Snoder 2 in the northwestern Hemse 
MarI. At one locality , B urgatan l ,  a few conchs have the 
same general arrangement of the rings as in D. aemulus. 
However, there is little difference between the primary 
rings and the adjacent secondary rings, and the spaeing 
of the primary rings is wider than is normal in D. aemulus. 
These conchs are tentatively designated D. cf. aemulus. 
Similar conchs but with a larger size difference between 
primary and secondary rings have been found at Glaves 
3, well up in  the Hemse Mari, southeastern part. These 
are even more similar to D. aemulus, but because of the 
fragmental and incomplete nature of the material these 
conchs are referred to D. cf. aemulus. 

Occurrence. - Dicricoconus aemulus has a fairly restricted 
distribution . It  is  the dominant speeies of the K linteberg 
Mari of  the Klinteberg Beds .  It  extends into the lower 
Hemse Mari, northwestern part, where only a few ,  but 
determinable, speeimens have been found at Eske l ,  

Snoder 1 -2 and Lilla Hallvards .  The speeies may extend 
higher into the Hemse Mari: this is suggested from much 
fragmented material from Gerete l ,  Rangsarve l ,  Kul
lands l ,  Amiings l ,  and Tanglings l .  

Dicricoconus clintianus n .  sp.  
Figs . 1 7D-E, 60 .  

Derivation of name. - Latin clintianus, inhabitant of the 
Klinte area, referring to the position of the type locality . 

Holotype. - SMNH No. X 1 262 , Fig. 60D .  

Type stmta. - Slite Beds,  Slite Mari, Pentamerus gotlandicus 
Beds (sample G 74-68 KL) .  

Type locality. - Svarvare l ,  Gotland.  

Material. - From the type locality, 1 1 0 speeimens, from 
additional localities more than 1 80 specimens. 

Diagnosis. - Narrow, medium-sized Dicricoconus, expand-
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Fig. 60. Dicricoconus elintjanus n. sp. A, D. Svarvare l ,  G 74-68 
KL. B. Valle 2, MS 69 1 .  C ,  E.  Svarvare l ,  MS 403s . D A. Distal 
part of conch, SMNH X 1 269, x 50. D B . Speeimen in oblique 
apertural view, SMNH X 1 266, x 75 .  D C. Longitudinal section 

ing at 4_5°, straight .  Ornament of two patterns ; proxi
mally with alternating secondary rings and annulets, 
distally with regularly spaced, distinct primary rings 
separated by interspaces with one secondary ring and 
numerous annulets. Rings clearly asymmetrical, profile 
convexo-concave, hinge lines sharp. Living chamber coni
cal with smooth internal wall surface . 

of septal region, SMNH X 1 259,  x 1 50 .  D D. Holotype, SMNH 
X 1 262 ,  x 1 5 . D E. Detail of distal conch wall, SMNH X 1 260,  
x 1 U0 .  

Description. - Narrow, straight, expanding in proximal 
part at ca. 4_5 °, in distal part at the same angle or slightly 
less. Total length uncertain, estimated at 1 0-1 2 mm, no 
initial chamber found.  Outer proximal diameter 0 . 1 0-
0 . 1 2  mm, in mature specimens outer distal d iameter 
0 .80-0 .90 mm, aperture perpendicular to long axis. 

Ornament of two principal ring patterns.  Proximally, 



Table 38.  Dicricoconus elintianus n. sp .  (dimensions in mm) .  

Spee. No. DEEC ODm OPRD OD FR ODLS PA 

SMNH X 1 262 8 . 1 6  0 .75 0 . 1 2  0 .59 4°  
(holotype) 
SMNH X 1259  3 .37  0.46 0 .28 0 .46 0 .40 4°  
SMNH X 1 59 1  4 .95 0.67 0.43 0.63 
SMNH X 1 592 4 .63 0 .7 1 0 .59 0 .63 

alternating secondary ri ngs and annulets up to outer 
diameter of ca. 0 .45-0.63 mm, to first primary ring, 
length up to ca. 6.5 mm. Rings regular, with mostly one, 
occasionally two or three, annulets in secondary inter
spaces. Secondary rings increilsing gradually in size and 
spacing distally, density 5 per mm immediately proximal 
of first primary ring, symmetrical or slightly asymmetri
cal, axial traces prosocyrt, profile convexo-concave or 
sometimes cuspate especially in more proximal rings, 
hinge lines sharp and distinct and forming crestal line. 
Annulets always symmetrical and cuspate. Distal ann ula
tion of primary interspaces with one secondary ring 
commonly closely proximal of primary rings and gener
ally 0 . 26--0 .30  mm from them, or more central in inter
spaces, or weakly developed or missing. Annulets in 
prim a ry interspaces,  6--8 per interspace, density 1 2-1 8 
rings per mm. Primary rings asymmetrical ; axial traces 
prosocline and prosocyrt in outermost part, gradually 
becoming orthocline and straight towards interior profile 
convexo-concave , hinge line comparatively prominent, 
crests gently rounded. Height: basal width of primary 
rings l :  2-2 . 5 .  

Distal annulets prominent, symmetrical o r  asymmetri
cal, if latter then prosocline and more common towards 
distal end, bases wide, crests very sharp. 

Primary interspaces flat, secondary interspaces dis
tinctly concave . 

Lirae well developed, along whole conch occupying 
tertiary interspaces and distal slopes of ri ngs, sometimes 
on crests of rings and clearly crossing hinge line of rings, 
dens it y 6--8 per O . l mm. 

Proximal septal region with free septa, total septa in 
mature specimens unknown, last septurn at outer diame
ter of ca. 0 .40 mm. Septa spaced 0 .40-0 .60 mm apart, 
perpendicular to long axis. Proximal laminae of free 
parts always straight, in thick septa with many laminae 
becoming gradually more concave and decreasing in 
diameter distally, thick septa 0 .08--0 . 1 0  mm thick, thin
nest septa only ca. 0.02 mm thick. Mural parts slightly 
asymmetrical , decreasing rapidly in thickness mainly in 
distal laminae of thick septa. 

Living chamber is conical and symmetrical with obtuse 
proximal end. Internal wall surface smooth, thick ac
cumulation of secondary shell material filling annular 
concavities completely. Proximally, secondary shell well 
separated from primary shell by thick, persistent inner 
organic layer. No pseudopuncta. Thickness of primary 
shell 0 .0 1 -0.02 mm proximally , slightly more distally. 
Total thickness of  conch wall 0 .05--0 .07 mm in the septal 
region because of  additional thickness of mural parts. 

I O * - Larsson 
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Remarks. - The variation of the different characters of 
Dicricoconus clintianus is difficult to assess because the 
material is  fragmented. There is some variation in the 
spacing of the distal rings, and also in  the position and 
development of the secondary rings. I t  is particularly well 
seen in specimens from the Slite MarI . D. clintianus has 
some similarity to Volynites muldiensis in the general distal 
annulation, but has a different ring pattern proximally, 
denser rings and the frequent development of paired 
rings. In Volynites muldiensis there is some obliquity of 
ri ngs which never occurs in Dicricoconus clintianus. The 
latter species is also similar to D. svarvariensis which occurs 
in the same samples. Dicricoconus clintianus has rings 
closer together and does not have the widely spaced 
proximal rings characteristic of D. svarvariensis. 

Oeeurrence. - Diericoconus clintianus is the dominant species 
in the uppermost Slite Beds in Pentamerus gotlandicus Beds 
sensu Hede ( l 927a :  29-3 9 ;  1 927b :  40-4 1 ) , but only in the 
Klintehamn area. I t  also occurs at some localities in 
undifferentiated levels of the Slite Mari (e .g .  Valleviken 
l ,  Gane l ,  Grunnudden l ) , Sl ite Mari, northwestern part 
(e .g .  Follingbo 1-3 ) ,  and unitsf (Båta l )  and g (Spillings l ,  
K varnberget l ,  Sol klint l )  o f  the Slite B eds. However, the 
material from severai of these localities is poorly pre
served and s pecific determination may occasionally be 
questionable. 

Dicncoconus cracens n .  sp.  
Figs . 1 0A-B , 6 l .  

Synonymy. - O Tentaeulites sp .  - Fisher 1 962 : W I 1 0 ,  Fig. 
5 5 :  8 ipartim) .  O Tentaeulites ( s . l . )  n .  sp .  C - Z agora 1 974 : 
1 226 ,  PI .  4 :  4-9. 

Derivation of name. - Latin eracens, graceful ,  slender, 
referring to the conch. 

Holotype. - SMNH No. X 1 293 , Fig. 6 1 A . 

Type strata. - Mulde Beds (sample MS 1 0/ 1 960 :  VI I I ) .  

Type loeality. - Mulde Tegelbruk l ,  Gotland.  

Material. - About 1 20 specimens from the type locality 
and 40 specimens from other localities in the Mulde 
Beds. One specimen from the Halla Beds, unit b. 

Diagnosis. - Medium-sized, narrow Dierieoconus expand
ing proximal part at 3 . 5-4 o, straight distally , slight proxi
mai curvature. Annulation proximally with asymmetrical 
secondary rings separated by annulets, distally with 
prominent, widely spaced asymmetrical primary rings 
separated by distinctly concave prima ry interspace with 
scattered secondary ri ngs and annulets . . Living chamber 
subcylindrical. 

Deseription. - Very slender, proximal part expanding at 
3 . 5-4 o, distally subcylindrical ,  straight except for moder
ate proximal curvature for l .0-l .2  mm, and apical de-
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Fig. 61 . Dicricoconus cracens n. sp.  A. Mulde Tegelbruk I ,  MS 
1 0 / 1 960 :  V I I I .  B ,  F ,  G. Mulde Tegelbruk I ,  MS 608.  C .  Mulde 
Tegelbruk l ,  MS 1 0 / 1 960 :  V. D .  Mulde Tegelbruk I ,  MS 765C.  
E. Mulde Tegelbruk I ,  MS 765A. O A.  Holotype, SMNH X 
1 293 , x 25 .  O B .  Speeimen showing late juvenile and early adul t  
parts, SMNH X 1 297 ,  x 25 .  O C .  Speeimen show ing adult 

flection from sagittal plane through living chamber of 
0 .20  mm. Medium-sized, mature adults 1 3-14  mm lang, 
no initial chamber found. Smallest outer proximal 
diameter 0 .07-0.08 mm, outer distal diameter 0 .65-0 . 70  
mm, aperture perpendicular to  lang axis. 

Annulation of twa distinet patterns . Juvenile and early 
adult parts with secondary rings separated by variable 
numbers of annulets, pattern occupying more than half 
of conch. Proximal rings small ,  of equal size and reg
ularly spaeed .  Spaeing and size of rings increasing grad u
ally distally. Proximal ring density 9 per mm,  closely 

primary rings and concave primary interspace, SMNH X 1 292 , 
x 25 .  O D. Speeimen showing juvenile part, SMNH X 1 294 , 
x 25 .  O E. Longitudinal section of distal conch wall, SMNH X 
1287 ,  x 200.  O F , G. Longitudinal sections of septa, x 200,  and 
septal region,  x 75, SMNH X 1 289 .  

proximal of first primary ring 6 per mm.  Rings distinctly 
asymmetrical ; axial traces prosocyrt in outermost part, 
becoming gradually straighter towards interior, curva
ture of laminae decreasing towards interior until flat and 
subparallel to long axis. Rings with convexo-concave 
pro file,  flattened or gently rounded crests, hinge lines 
frequently very sharp and occasionally forming min ute , 
but distinet keels. Height of secondary rings 0 . 0 1 -0 .03 
mm, height :  basal width l :  1 . 5-2 . Interspaces between 
secondary rings with 1 -4 ,  occasionally 5, annulets, but 
distal 2-3 mm before first primary ring with only one 



Table 39.  Dicricoconus cracens n. sp.  (dimensions in mm) .  

Spee .  No.  DEEC ODm OPRD ODLS PA 

SMNH X 1 2 93 5 .62 0.53 0.44 
(holotype) 
SMNH X 1 2 9 1  9 .39 0 .59 0 . 1 2  3 . 5 °  
SMNH X 1 2 94 2 .69 0 .32 0 .08 4 °  
SMNH X 1300  5 .23 0 .5 1 0 . 1 6  0.40 4° 
SMNH X 1 3 0 1  4 .24 0.48 0.24 0.30 3 . 5 °  

ann ulet per interspace , in many specimens conch adj a
cent to this ring lacking secondary rings and only with 
annulets. Annulets symmetrical or prosocline and pro
socyrt, in a few specimens opisthocline and opisthocyrt, 
although comparatively rarely. Height of annulets 0 .0 1 -
0 .02 mm. 

Distal pattern of cycles of well-spaced rings with 
numerous annulets, spacing of primary ri ngs 1 .50-2 .20  
mm, attitude and shape similar to  proximal secondary 
rings, height 0 .08-0 . 1 0  mm. Secondary rings in each 
primary interspace few,  smaller but with similar attitude 
and shape as those proximally, mainly in distal half of 
interspace but occasionally als o proximal or central. 
Some specimens with alternating secondary rings and 
annulets in distal half of interspace. Annulets per pri
mary interspace 1 5-25 ,  density 20-25 per mm, both 
number and density very variable, opisthocline or slightly 
prosocline and prosocyrt, height 0 .03-0 .04 mm.  

Proximal primary interspaces flat or slightly concave, 
secondary interspaces always clearly concave ; distal pri
mary interspaces characteristically concave and e1ognate, 
secondary interspaces also pronouncedly concave . 

Lirae very poorly developed ; hardly traceable in proxi
mai part, weakly developed distally, best seen (but still 
weakly developed) on crests of primary rings and extend
ing a short distance proximally from hinge line. Density 
6-7 per O . l mm. Proximal slopes of rings always without 
Iirae. 

Proximal septal region;  septa numerous, up to 1 5-20 ,  
c10sely spaced, generally 0 . 1 5-0 .30  mm apart. Last 
septurn at outer conch diameter of 0 .40-0 .45  mm but 
specimens probably not fully mature. Free parts straight, 
perpendicular to long axis, thickness mostly 0 .0 1-0 .04 
mm but some also very thin. 0 .00 1 mm. Thin septa 
between thicker septa, occasionally slightly convex. Mural 
parts moderately long, generally asymmetrical , of same 
initial thickness as free parts but gradually thinning after 
l mm, in strongly asymmetrical septa parts already 
wedging out after 0 .2-0.3 mm. 

Living chamber subcylindrical with blunt proximal 
end. Internal wall surfa�t: remarkably smooth along 
whole chamber. Annular concavities completely filled 
and lamellae accumulation frequently so great to pro
duce slight constrictions at primary rings; filling of rings 
obviously rapid during ontogeny because all specimens 
having intact aperture also with smooth internal wall 
surface up to rim of aperture, and thus, annular shelves 
very short-Iived.  

No pseudopuncta. Proximally, secondary shel l  dis
tinctly separated from primary shell by thick, very 
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persistant, IOner organic Iayer up to 0 .008 mm thick . 
Thickness of primary shell 0 .0 1 -0 .02  mm proximally, 
slightly thicker distally. 

Remarks. - The ring patterns are fairly constant. Minor 
variations may be observed in the development of the 
portion immediately before the first primary ring, which 
may either lack secondary rings or have rings alternating 
with one annulet per interspace. Length of distal primary 
interspace and number of secondary rings in  these inter
spaces may vary. 

Diericoeonus eraeens is  easily distinguished from all other 
tentaculitids on Gotland, primarily by its characteristic 
distal ring pattern and the concave primary interspaces .  
The proximal r ing pattern shows some resemblance to 
that of Volynites muldiensis, but the septal development 
and shape of the rings are different, and the conch is 
much slenderer in D. eracens. 

Oeeurrenee. - Dierieoconus eracens has a restricted distribu
tion, both geographically and stratigraphically. It occurs 
in the lower Mulde Beds at a few localities ,  but also in the 
Halla Beds,  unit b, where a single specimen was found at 
Horsne l .  

Dicricoconus gutnicus n .  sp .  
Figs . 1 2A, 62 . 

Derivation of name. - Latin Gutnieus, inhabitant of Gotland. 

Holotype. - SMNH No. X 1 096 , Fig. 62A .  

Type strata. - Slite Beds ,  Slite Mari (sample G 73-60 KL) .  

Type loeality. - M yrse l ,  Gotland. 

Material. - From the type locality 5 specimens, from 
additional localities 1 7 1  s pecimens. 

Diagnosis. - Small ,  proximal growth angle of 5_7 °, straight 
distally, slight proximal curvature. Annulation 
perpendicular to long axis, of widely and regularly 
spaced, well developed rings separated by wide, flat 
interspaces with numerous annulets. Proximal rings 
more irregular, occasionally missing. Proximal septal 
region with few septa. 

Deseription. - Narrow, proximal part expanding at 5_7 °, 
distal part at l _2 °, straight except for slight proximal 
curvature. Small ,  estimated full  size of 6 . 5-7 .0  mm, no 
initial chamber found. Smallest outer proximal diameter 
ca. 0 . 08 mm, outer distal diameter 0 .55-0 .60 mm, 
aperture perpendicular to long axis. 

Ornament of well-developed rings, mostly of one size , 
widely spaced ,  size and spacing increasing gradually 
distally. Proximal rings occasionally slightly irregular 
sometimes paired or missing. Occasionally distinction of 
rings from annulets difficult .  Adult part with one or, 
rarely, two secondary rings immediately proximal of 
primary ring.  Rings mostly symmetrical but may be 
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Fig. 62 . Dicricoconus gutnicus n. sp. O A. Holotype, SMNH X 
1 096, x 2 5 ;  Myrse l ,  G 73 -60 KL. O Distal part of conch, SMNH 
X 1 1 05 ,  x 75 .  D e. Longitudinal section of distal part, SMNH X 

slightly asymmetrical and opisthocline, axial traces gener
ally straight. Rings rounded, sometimes angular espe
cially in juvenile part. Height of distal rings normally 
0 . 1 0-0 . 1 5  mm, height :  basal width I :  1 .2-1 . 5 .  

Primary rings separated by  wide, flat interspaces with 
numerous annulets. Annulets proximally 5-8 per inter
space, distally 14- 1 6  per interspace, also on distal slopes of 
rings but proximal slopes always smooth, sl ightly denser 
in proximal half of interspace but also many interspaces 
with regularly spaced annulets, symmetrical ,  angular or 
cuspate in profile, height 0 . 0 1 -0 .0 1 5  mm. No lirae . 

Proximal septal region with few, symmetrical septa, in 
general 3-4. Last septurn at outer conch diameter of 

1 1 06,  x 70 .  O B, C - Allekvia l ,  Got 74-35 SB .  O D. Detail of last 
septum in longitudinal section,  SMNH X 1 1 07 ,  x 200; Follingbo 
7, Got 74-28 SB .  

0 .25-0 .27  mm, commonly with concave free part and 
long mural part extending distally for 1 .0-1 .2  mm.  
Proximal septa wi th straighter free parts but mural parts 
about same length as last septurn.  Thickness of septa 
0 .0 1 -0 .03 mm. In a few speeimens septa slightly en
doconic. 

Living chamber slightly conical and symmetrical with 
rounded proximal end. Internal wall surface almost 
smooth but occasionally with some annular concavities 
with very weak annular shelves. 

No pseudopuncta. Thickness fairly uniform along 
whole conch,  increasing gradually from 0.025 mm proxi
mally to 0 . 03 5  mm distally. 



Table 40.  Dicricoconus gutnicus n. sp.  (dimensions in mm) .  

Spee . No . DE EC ODID OPRD ODLS PA 

SMNH X 1 096 5 .70  0 .63  0 .24 5°  
(holotype) 
SMNH X 1 097 5 .78 0 .43 0 . 1 4  0 .24 6° 
SMNH X 1 099 3 .3 7  0 .43 0 . 1 2  7 °  
SMNH X 1 1 0 1  4 .59  0 .55 0 .22 0 .27 7 °  
SMNH X 1 1 02 3 .45  0.48 0.22 5°  
SMNH X 1 1 03 4 .83 0 .45 0 . 1 0  6° 
SMNH X 1 1 09 3 . 56 0 .45 0 .08 6° 

Remarks. - Some vanatlon in the proximal ring pattern 
has been noted in Dicricoconus gutnicus. A number of 
specimens from various localities lack rings along much 
of the juvenile part or rings may be paired.  D istally, the 
ring pattern is rather stable. Some variation may occur in 
the development of the septa. Dicricoconus gutnicus is 
easily recognized from all other species by its characteris
tic distal ring pattern. Thus, very small fragments of the 
conch can be determined. Proximally, Dicricoconus acutalis 
may shows some resemblance to D. gutnieus, but the 
former species has less annulets per interspace and its 
rings are sharper. 

Oecurrenee. - Dicriedconus gutnieus is restricted to the Sl ite 
Marl of the Slite Beds .  It occurs in a narrow area of Slite 
Mari from Sudersandsviken l in the northeast to Val
bytte in the southwest. One specimen has been found in 
unit g of the Slite Beds (Solklint l ) . I t  has not so far been 
found outside Gotland. 

Dicricoconus svarvariensis n .  sp. 
Figs . 1 7 F ,  63 . 

Derivation of name. - Latin Svarvariensis, from Svarvare , 
referring to the type locality . 

Holotype. - SMNH No. X 1 263 , Fig. 63 C .  

Type strata. - Slite Beds,  Slite Mari, Pentamerus gotlandicus 
B eds (sample G 74 -68 KL) .  

Type loeality. - Svarvare l ,  Gotland. 

Material. - From the type locality 26  speClmens, from 
additional localities 27 specimens .  

Diagnosis. - Straight, slender, narrow Diericoeonus, proxi
mai part expanding at 4 °, distal ly subcylindrical . Annula
tion of widely s paced primary rings separated by 3--6 
secondary rings and one ann u let per secondary inter
space. Rings distinctly asymmetrical ,  with convexo-con
cave profile, sharp hinge lines, flat or slightly rounded 
crest. Lirae well developed in tertiary interspaces,  cros
sing annulets and hinge linges of rings. Proximal septal 
region with irregularly spaced and shaped septa. 
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Deseription. - Straight and slender, proximal part expand
ing at ca. 4 °, d istally subcylindrical . Maximum length of 
fully adult specimens estimated as 1 0- 1 1 mm,  no initial 
chamber found.  Smallest outer proximal diameter ca. 
0 . 1 6  mm, outer distal diameter in adult specimens 0 . 75-
0 .85  mm, aperture perpendicular to long axis. 

Ornament of rings and annulets perpendicular to long 
axis, rings in cydes. Proximal rings regularly spaced with 
density of 1 0- 1 2  rings per mm. Late juvenile and adult 
parts with well spaced primary rings, initially 0 .65-0 . 70  
mm apart, distally 1 . 50-2 . 70  mm apart. Primary inter
spaces with 3-6 regularly spaced secondary rings of one 
size, secondary interspaces smooth or with mostly one, 
rarely two annulets. 

Prima ry rings distinctly asymmetrical, axial traces pro
sodine and prosocyrt in outermost part but more 
opisthodine and straight towards interior profile con
vexo-concave , hinge line very sharp, crests flat or slightly 
rounded. Height of distal rings ca. 0.8 mm, height : basal 
width l :  2 .0-2 . 5 .  

Secondary rings with similar attitude and shape tO 
primary rings, but much thinner and lower, distally ca. 
0.3 mm high. 

Annulets in secondary interspaces,  sparse, normally 
on ly one per interspace , central. Asymmetrical ,  with 
narrow, pointed crests, normally strongly prosocyrt . .. 

Secondary interspaces comparatively flat. Lirae over 
whole conch , distinct, occurring in tertiary interspaces,  
crossing crests of annulets and commonly also crests of 
rings. On ly lower proximal slopes of rings entirely 
smooth. Occasionally but not generally, lirae with distinct 
median furrow. Density 7--8 per O . l  mm. 

Proximal septal region with free,  s lightly asymmetrical 
septa spaced irregularly. Free parts irregularly undulat
ing, mural parts long and initially same thickness as free 
parts, total septa not possible to establish .  

Living chamber subcylindrical with blunt proximal 
end. Internal wall surface smooth. 

Primary shell distin�tly separated from secondary shell 
by thick inner organic layer. No pseudopuncta. Thick
ness of primary shell 0 .0 1 -0 .02  mm proximally, increas
ing gradually to ca. 0 . 03-0 . 04 mm distally. 

Remarks. - Dierieoconus svarvariensis much resembles p. 
a�utalis in size , general mode of the ring pattern, shape 
and attitude of the rings and development of the septa. 
The two species may be differentiated by the wider 
spacing of the prima;\-y rings in D. svarvariensis, and on 
the development of annulets in the secondary inter
spaces , D. svarvariensis always has severai or all interspaces 
each with one central annulet, while D. aeutalis lacks or 
has very few annulets in the secondary interspaces .  
Another distinguishing character is the development of 
the lirae : in  Diericoeonus svarvariensis but never in D. 
aeutalis these occur on the crests of rings .  Dierieoeonus 
svarvariensis shows similarities to D. elintianus; distinction 
of these two species is discussed in the description of D. 
elintianus. 

The intraspecific variation can only be considered 
broadly because the available material is sparse and 
fragmented . Variation in spacing of the primary rings 
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Fig. 63 . Dicricoconus svaroariensis n. sp. O A, B. Distal part of 
conch, x 60, and detail of primary ring, X 1 25 ,  SMNH X 1 604 ; 
Svarvare I ,  G 75-3 MB.  O C. Holotype, SMNH X 1 263 , X 25 ;  

and in spaeing and development of the septa seems 
common .  The size of the secondary rings seems variable, 
which of ten makes it difficult to distinguish these rings 
from annulets, except in section.  

Occurrence. - Dicricoconus svarvariensis occurs sparsely in 
the uppermost Sl ite Beds,  i .e .  the Slite Mari, Pentamerus 
gotlandicus Beds .  It has so far only teen found at localities 
in the Klintehamn area on Gotland.  

Svarvare l ,  G 74-68 KL.  O D,  E.  Longitudinal section of septal 
region, x 60, and detail of septum, x 1 75 ,  SMNH X 1 605 ; 
sample as for A, B .  

Table 4 1 .  Dicricoconus svaroariensis n .  sp .  (dimensions i n  mm) . 

Spee. No. DEEC ODm OPRD ODLS WLCY P A 

SMNH X 1 2 63 4 .79  0 .63 0 .28 
(holotype) 
SMNH X 1 264 5 .86 0 .59 0 . 1 6  
SMNH X 1 603 1 .86 0 .35 0 .22 0 .34 
SMNH X 1 68 1  6 .93 0 .59 0 .20 1 . 78 4°  
SMNH X 1 682 7 .84 0.67 0.24 2 .69 4°  



Dicricoconus tenuissimus (Hede 1 9 1 9) 
Fig. 64 . 

Synonymy. - D Tentaculites tenuissimus n. sp .  - Hede 1 9 1  9b :  
1 29-1 30 ,  Pl .  5 :  6 .  D Tentaculites n .  sp .  - Hede 1 9 1 9a :  I l  
( foot-note) .  D Tentaculites n .  sp .  - Hede 1 9 1  9c :  28 .  D 
Tentaculites n. sp .  6 - Hede 1 92 1 :  59 , 64 . 

Holotype. - LO 3 7 6 1 T, figured in Hede ( 1 9 1 9b ,  Pl .  5 :  6 ) ,  
herein Fig. 64A. 

Type strata. - Colonus Beds,  middle part. 

Type locality. - Skarhult l ,  Scania. 

Material. - In addition to the holotype, 1 2  specimens 
from the type locality. From the Hemse Beds of Gotland 
about 550 specimens. 

Diagnosis (emended herein) . - Narrow, proximal part 
expanding at 5 °, distal part at 2_3 °, small-sized , distal part 
straight, proximal curvature. Annulation perpendicular 
to long axis, in two patterns ; proximally with rings of one 
size, gradually increasing distally in size and spacing, 
d istally with widely, irregularly spaced primary rings 
separated by numerous secondary rings. 

Description. - Slender, proximal part expanding at 5 °, 
distal part at 2-3 °, gradual change in growth angle near 
first primary ring. Distal part straight, slight proximal 
curvature for ca. l mm, maximum deflection of  proximal 
end from sagittal plane through living chamber 0 . 1 5  mm.  
Small , maximum length 7-8 mm, no initial chamber 
found.  Smallest outer proximal diameter 0 .04-0 .05  mm, 
outer distal diameter 0 .40-0 .50  mm, occasionally 0 .55 
mm, aperture perpendicular to long axis. 

Rings of two sizes in two patterns. Proximal part with 
rings of one size, gradually increasing in size and spacing 
towards the first primary ring. Proximal ri ngs dense, 
about 30  per mm, immediately proximal of first primary 
ring 18 per mm. Most rings of  such size and construction 
to be designated secondary ri ngs. Rings orthodine or 
faintly prosodine, axial traces frequently prosocyrt, pro
file convexo-concave, crests fairly sharp. Height: basal 
width l :  0 .6-0 . 7 .  Distal conch with cydes of primary rings 
separated by numerous secondary rings. First primary 
ring ca. 3 .20-3 .3 0  mm from apex, at outer diameter of 
0 . 20-0 .30  mm.  Primary rings widely spaced, 0 .45- 1 . 1 0  
m m  apart, without increase o f  spacing distally, rather, 
short cydes may fol low longer cydes.  Primary rings 
asymmetrical , axial traces prosodine and prosocyrt in 
outermost part becoming gradually more planar and 
orthodine towards interior, profile distinctly convexo
concave or convexo-plane, crests slightly rounded, hinge 
line fairly distinct, slopes of  ri ngs smooth. Height of 
primary rings 0 .05--0.06 mm, height :  basal width l :  
1 .3-1 . 5 .  

Secondary rings occupying primary interspaces ,  5-
1 5  depending on length of interspaces .  Mostly dearly 
rings but sometimes those most proximal in each cyde 
more like annulets. Rings regularly spaced, density 1 2-14 
per mm, mostly asymmetrical with prosocline and pro-
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socyrt attitudes but sometimes orthodine or even pro
sodine with opisthocyrt axial traces.  Strongest curvature 
of axial trace generally outermost in rings. Secondary 
rings generally with convexo-concave profile, hinge lines 
sharp. 

Primary interspaces straight, secondary interspaces 
always dearly concave . 

No dear evidence of lirae. A few specimens with some 
indistinct minute structures on primary ring crests, but 
preservaton insufficient for further examination . 

Proximal septal region :  total septa and normal position 
of last septurn unknown because no fully mature speci
mens available for sectioning. Septa fairly widely spaced.  
0 .40-0 .60 mm apart. Free parts perpendicular to long 
axis ,  straight or slightly convex. Mural parts long and 
occasionally slightly asymmetrical . Thickness of  free 
parts and early mural parts the same, ca. 0 . 0 1 mm.  

Living chamber in mature specimens straight, conical 
or sybcylindrical. Internal wall surface smooth along 
whole chamber to r im of aperture. Annular concavities 
completely filled, lamellar accumulation sometimes so 
great that living chamber slightly constricted.  

No pseudopuncta. Thickness of primary shel l  0 .003-
0.005 mm proximally, 0 .006-0 .009 mm distally. Sec
ondary shell increasing proximal thickness 3-4 times, 
distal thickness almost doubled . 

Remarks. - Dicricoconus tenuissimus was described brie fly by 
Hede ( 1 9  l 9b) from Skarhult, Scania, as Tentaculites tenuis
simus n. sp .  His description was based on a specimen 
which showed on ly the proximal conch with regularly 
spaced rings of similar size and shape. The rings were 
described as sharp crested .  The tentaculitid material at 
Skar hult is unfortunately very fragile, especially that in 
weathered limestone slabs . Thus, the outermost laminae 
exfoliate easily, which makes sharper the outline of the 
rings . Further preparation by needle of the holotype, to 
remove matrix from the two most proximal primary 
rings has confirmed that this specimen is conspecific with 
material obtained from the Hemse Beds of Gotland . D.  
tenuissimus was  first mentioned from Gotland in 19  l 9 ,  
when Hede described brie fly ,  but without any ac
companying illustration, Tentaculites n .  sp. from the NW 
part of the Hemse MarI. The species was referred to as 
typical for the "Petesvik-H ablingbo fauna" . It  was de
scribed in a foot-note ( 1 9 1  9a :  I l ) as having a slender, 
sl ightly expanding conch with 5 or 6 rounded, regularly 
spaced rings separated by 8-1 5 smaller rings . In Hede 
( l 9 1 9c) ,  the same species was mentioned from the 
bore hole B urgsvikborrningen l between 1 2 1 . 1 9  m to 
7 1 . 1 3 m .  Subsequently it was referred to as Tentaculites n. 
sp .  6 in Hede ( 1 92 1 ) , where it was reported from the 
Hemse, Eke, B urgsvik and Hamra Beds .  However, it is  
dear from the present study that it is restricted to the 
Hemse Beds.  

Dicricoconus tenuissimus is  dosely related to D. aemulus, 
but differs by not having a larger secondary ring im
mediately following each primary ring, and by having 
wider interspaces .  The difference is most conspicuous in 
the distal conch : the proximal parts, up to the first 
primary ring could easily be confused. 



1 54 Kent Larsson 

Fig. 64. Dicncoconus tenuissimus (Hede). D A. Holotype, LO 
376 1 T, x 25; Skarhult l .  D B .  Young individual, SGV type 
collection, x 2 5 ;  Burgsviksborrningen l ,  74.02 m. D C.  Speei
men showing distal primary ring and primary interspace , 
SMNH X 1 32 1 ,  x 100 ;  Kodings 3 ,  G 75-6 KL. D D. Adult 

speeimen with broken juvenile part, SGV type collection, x 20 ;  
Hallsarve 2 ,  unnumbered SGV sample. D E.  Longitudinal 
section of adult part, SMNH X 1 320 ,  x 1 00 ;  sample as for C .  D 
F. Longitudinal section of septal region, SMNH X 1 3 2 2 ,  x 900 ; 
Tjangdarve l ,  G 75- 1 0  KL.  



Table 42 . Dicricoconus tenuissimus (Hede) (dimensions in mm) .  

Spee. No. DEEC ODID OPRD ODFR ODLS PA 

LO 3 76 1  T 3 .56 0 .24 0 .06 0 .20 4°  
(holotype) 
LR l 3 . 1 7  0 .32 0 . 1 6  0.24 5° 
SMNH X 1 3 1 1  3 .09 0.28 0 .06 0 .28 5°  
SMNH X 1 3 14  4 . 1 2  0 .32 0 . 1 0  0 .20 0 .30 
SMNH X 1 3 1 5  3 .84 0 .36 0 .06 0 .26 4 °  
SMNH X 1 3 1 6  3 .48 0.30 0 .04 0.26 5° 
SGU Te 32  7 . 1 2  0 .50 0 .20 0 .28 

Occurrence. - In Scania, Dicricoconus tenuissimus (Hede) has 
been found at Skarhult l ,  where it is abundant in the 
middle Colonus Beds.  A few poorly preserved fragments 
have been identified from section 3C2 at R6ddinge l 
(Moberg & T6rnquist 1 908 ) in beds of similar age to 
Skarhult l .  On Gotland, the species ranges from the 
Hemse Marl, northwestern part, up to the top Hemse 
Beds .  In  the bore hole Burgsvikborrningen l (Hede 
1 9 l 9c) ,  it occurs from l 2 l . l 9 m up to 7 l . l 3 m, i .e .  7 .63 m 
below the Burgsvik-Eke Beds boundary . Dicricoconus 
tenuissimus is the dominant s pecies in the Petesvik
Hablingbo area, but it is also abundant in samples from 
the Hemse Beds ,  southeastern part, e . g. at Kodings 1 -4 ,  
Tjangdarve l ,  and i n  the uppermost Hemse Beds ,  e .g. at 
Draksarve l ,  Jakobs l ,  and Hallsarve 2 .  It has not been 
found in beds with Neobeyrichia lauensis nor in the Dayia 
flags. 

Dicricoconus valliensis n .  sp.  
Fig .  65 .  

Derivation of name. - Latin Valliensis, from Valle, referring 
to the type locality . 

Holotype. - SMNH No. X 1 599 ,  fig. 65A�B . 

Type stmta. - Slite Beds,  Slite Mari, Pentamerus gotlandicus 
B eds ( sample G 74-39 KL).  

Type locality. - Valle l ,  Gotland. 

Material. - From the type locality 3 0  specimens, from 
additional localities in the Slite Beds about 30 s pecimens.  

Diagnosis. - Slender, straight Dicricoconus with proximal 
growth angle of  5 °, distalJy subcylindrical . Annulation 
distinct, perpendicular to long axis, mai ni y of few pri
mary rings and numerous, regularly spaced secondary 
rings. Rings asymmetrical with sharp hinge lines ; pri
mary rings with rounded crests, secondary rings with 
sharp, pointed crests. Interspaces concave. Lirae weU 
developed , crossing hinge lines of rings and on crests of 
primary rings. Septa not observed in material available 
but probably present. 
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Description. - Straight and slender, proximal part ex
panding at 5 °, distalJy subcylindrical . Material available 
badly fragmented but adult siz<l tentatively estimated as 
8-1 0 mm, no initial chamber found.  SmalJest outer 
proximal diameter 0 .08 mm, outer distal diameter 0 .60-
0 .65 mm, aperture perpendicular to long axis. 

Ornament of regularly spaced rings and annulets 
perpendicular to long axis. Primary rings spaced ca. 0 .8 
mm apart, first primary ring normalJy at outer conch 
diameter of ca. 0 .50  mm. Secondary rings forming proxi
mal annulation ,  and normalJy 3 or 4 between primary 
rings . Density of secondary rings ca. 28 per mm at conch 
diameter of 0 . 1 0  mm, ca. 6 per mm immediately before 
first primary ring. 

Rings clearly asymmetrical, with straight or slightly 
prosocyrt axial traces ,  convexo-concave profile, sharp 
hinge lines. Primary rings with rounded crests, secondary 
rings with sharp crests because crestal and hinge lines 
coincident. Height of distal primary rings ca. O . l mm, 
height: basal width l :  l .8-2 . 0 .  

Annulets very few,  normalJy scattered i n  secondary 
interspaces or in only one in that secondary interspace 
immediately following a primary ring. Secondary inter
spaces otherwise smooth and clearly concave. 

Lirae over whole conch, frequently cross ing crests of 
rings and on crests of primary rings, density 7-8 per O . l  
mm. 

Material available not permitting study of septal de
velopment, but no reason to believe septa to be missing. 

Living chamber symmetrical, subcylindrical . Internal 
walJ surface smooth. Some specimens with irregular wall 
surface proximally, but these are probably juvenile or 
early adult specimens before septal growth or where 
septa were toa short distally for smoothing of  the conch 
wall by attachment of mural parts to have occured.  

No pseudopuncta. Thickness of conch wal l  ca. 0 . 0 1  
mm proximally, ca. 0 .03 mm distally. 

Remarks. - From the material available it  is difficult to 
gauge satisfactorily the intraspecific variation .  There 
seems to be some variation in the size , spacing and 
development of the primary rings. 

Dicricoconus valliensis is characterized particularly by the 
sharp, distinct, and proximally regular secondary rings. 
Another characteristic is the concave secondary inter
spaces. 

The general ring pattern resembles to some extent 
those of the associated species D. svarvariensis and D. 
clintianus. However, the concave interspaces and the 
sharp, regularly spaced secondary rings differentiate D. 
valliensis from the se species .  

Occurrence. - Dicricoconus valliensis is restricted to  the 
Pentamerus gotlandicus Beds - Atrypa reticularis Beds of the 
Slite Beds on Gotland. It has been found mainly in the 
Klintehamn area, where it occurs rather sparsely. 
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Fig. 65. Dicricoconus valliensis n. sp. A-E Valle l ,  G 74-39 KL. O 
A, B .  Holotype distal part, x 60,  and full view, x 25 ,  SMNH X 
1 599. O C, D. Longitudinal sections of early adult part, x 60,  

and detail of conch wal l ,  x 300 ,  SMNH X 1 607 .  O E. Detail of 
conch wall with secondary ring, SMNH X 1 606, x 600. 



Table 43 . Dicricoconus valliensis n. sp.  (dimensions in mm).  

Spee. No. DEEC ODID OPRD OD FR PA 

SMNH X 1 599 4 .23 0 .57 0 .32 0 .49 5°  
(holotype) 
SMNH X 1 600 2 .20 0 .24 0 .08 5° 
SMNH X 1 6 0 1  2 .77 0 .55 0 .40 0 .5 1 

Family Gotlandellitidae n. fam. 
Type genus. - Gotlandellites n .  gen. 

Genera. - On ly the type genus .  

Diagnosis. - Small ,  3-5 mm long, strongly curved, proxi
mal part expanding at 4_7 °. Aperture perpendicular or 
slightly oblique to long axis. Rings alike in shape, sloping 
sl ightly towards convex side of conch, increasing gradu
ally in size and spacing distally. Primary interspaces flat 
or sl ightly concave, covered with annulets variable in size 
and number. Lirae weakly developed, on distal slopes of 
rings . Proximal septal region .  Mural parts of septa long. 
Internal wall surface of living chamber smooth proxi
mally, smooth or slightly irregular distally. No 
pseudopuncta . 

Remarks. - The family differs from all other families 
known by the pronounced curvature of the conch. The 
small size is als o significant. 

Stratigraphical distribution. - U pper Llandoverian and 
lower Wenlockian.  

Geographical distribution. - Sweden (Gotland) ,  Great B ri
tain (Wales, Shropshire) ,  Canada (Anticosti I sland) .  

Genus Gotlandellites n.  gen.  

Derivation of name. - Latin Gotlandellites, small inhabitant 
of Gotland . 

Type speeies. - Gotlandellites visbyensis n. sp .  

Speeies. - Gotlandellites areolatus n .  sp .  and G. visbyensis n .  
sp .  

Diagnosis. - As for the family. 

Remarks. - The genus differs from all other genera 
known by its pronounced curvature of the conch. The 
ornament is similar to that of Tentaculites von Schlotheim, 
with regularly spaced rings separated by annulets in the 
interspaces .  

Stratigraphical distribution. - As for the family. 

Geographical distribution. - As for the family . 
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Gotlandellites areolatus n .  sp.  
Fig .  66 .  

Derivation of name. - Latin areolatus, with smal l  spaces ,  
referring to the comparatively short interspaces .  

Holotype. - SMNH No. X 1 009 ,  Fig .  66A. 

Type strata. - Upper Visby B eds (sample G 72-7 KL) .  

Type locality. - Gnisvard l ,  Gotland. 

Material. - From the type locality 20  s pecimens,  from 
other localities in the Upper Visby Beds 75  s pecimens ,  
and 33  specimens from the Hogklint Beds .  

Diagnosis. - Small Gotlandellites gently increasing in 
diameter towards distal end, proximal growth angle 
4-5 . 5 °. Rings alike , increasing gradually in size and 
spacing distally. Rings slightly asymmetrical or symmetri
cal with rounded crests. Interspaces flat to concave, 
approximately the same width as bases of  rings . Annulets 
in each interspaces few,  with low relief. Lirae unknown . 
Proximal septal region ;  septa few,  free or endoconic . 
Internal wall surface of living chamber smooth proxi
mally, smooth or slightly undulating distally . 

Description. - Conch with distinct curvature, expanding in 
proximal part at 4-5 . 5 °, distally sl ightly less .  Diameter 
increasing gently from 0 . 1 0  mm at proximal end to 0 . 85  
mm a t  distal end. Maximum length observed 4 . 7  mm,  full  
estimated at 5 . 0-5 . 5  mm, no intial chamber found . 
Aperture slightly oblique to long axis. 

Rings alike increasing gradually in size and spacing 
distally. Density of rings 1 4-1 6 per mm proximally, 8-1 0 
per mm distally. Rings sl ightly oblique to long axis, 
sloping l -2 °  towards convex side of conch, symmetrical 
or slightly asymmetrical and prosocline, crests rounded . 
Height: basal width 1 :  1 . 0-1 . 5 .  Annulets weakly de
veloped, orthocline and low, 2 or 3 per interspace . 
Interspaces flat or slightly concave, 0 . 9-1 .0  of width of  
base of rings. 

Lirae not prov ed in  material available .  The few speci
mens examined by SEM have short, longitudinal striae on 
distal slopes of rings (Fig .  66C) ,  but the nature of these 
striae, whether artificially produced or not, cannot be 
established. 

Proximal septal regions ;  free septa, total uncertain 
because material is much fragmented.  A few specimens 
with distal septa forming endocones along length of 0 . 9  
mm.  Last septurn a t  conch diameter of  0 . 20-0 .26 mm.  
Free parts of septa straight ,  generally perpendicular to 
long axis, very thin, 0 .0 1 mm.  Mural parts very long, that 
most distal extending 1 . 5 mm along living chamber. 

Living chamber symmetrical with conical proximal 
end. Internal wall surface smooth proximally, slightly 
irregular distally. 

Thickness of primary shell 0 .0 1 -0 .0 1 5  mm proximally, 
0 .025-0 .03 mm distally. Total thickness of  proximal wall 
doubled by mural parts. No pseudopuncta. 
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Fig. 66. Gotlandellites areolatm n. sp. D A. Holotype, SMNH X 
1 009, x 2 5 ;  Gnisvard l ,  G 72-7 KL. D B . SMNH X 1 0 1 0 ,  x 2 5 ;  
Gutevagen l ,  MS 45 1 .  D C,  D.  Oblique apertural view o f  rings, 

x 300, and detail of rings and annulets, x 600, SMNH X 1 0 1 2 ;  
Ygne 2 ,  G 72-2 KL.  D E, F .  Longitudinal section of wall, x 1 00 ,  
and  detail, x 300 ,  SMNH X 1 0 1 1 ;  Gnisvard I ,  MS 37 .  
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Table 44.  Gotlandel/iles areolalus n.  sp .  (dimensions i n  mm) .  

Spee. No .  DEEC 

SMNH X 1 009 4 .00 
(holotype) 
SMNH X 1 0 1 0  4 .67 
SMNH X 1 0 1 1 1 .68 
SMNH X 1 0 1 3  2 .63 

_
l}emarks. - Some variation occurs in the spacing of the 
proximal rings. There may be some differences in the 
shape of rings, especially in the H6gklint specimens 
which tend to have less rounded crests. There is some 
variation in the development of septa, which may either 
have straight free parts and be well spaced, or be tightly 
stacked endocones. The material sectioned is still unsuffi
cient to establish whether there is any preference in the 
type of septal arrangement. 

The material was difficult to dean properly, and thus 
study of the surface microstructures was difficult .  The 
presence of lirae could not be established. One specimen 
showed longitudinal striae on the lower distal slopes of 
the rings (Fig .  66C) ;  whether these structures are signific
ant for the species cannot yet be established . 

The characters differentiating Gotlandellites areolatus 
from G. visbyensis are discussed in the description of the 
latter. 

Occurrence. - Gotlandellites areolatus is the dominant 
tentaculitid in the Upper Visby Beds. I t  appears dose to 
the base of the unit at Vattenfallet l where it extends up 
through units a and b of the H6gklint Beds. There, its 
highest stratigraphical level is 1 9 .85  m above sea level , i .e .  
9 . 85  m above the U pper Visby-H6gklint boundary. I t  has 
not been found outside Gotland. 

Gotlandellites visbyensis n .  sp. 
Fig. 67 .  

Derivation of name. - Latin Visbyensis, inhabitant of Visby, 
referring to the Visby area and the Lower Visby Beds .  

Holotype. - SMNH No. X 1 00 1 ,  Fig. 67 A .  

Type strata. - Lower Visby Beds (sample G 72 -8 KL) .  

Type locality. - Nyhamn l ,  Gotland. 

Material. - From the type locality more than 400 speci
mens, from additional localities more than 500 speci
mens. 

Diagnosis. - Small ,  Gotlandellites, increasing gently in width 
towards distal end, with a proximal growth angle of 5-7 °. 
Rings alike, increasing gradually in spacing and size 
distally, symmetrical with subtriangular profile. Inter
spaces slightly concave,  1 . 5-2 times as wide as bases of 
rings, distally with 7-9 annulets . Proximal septal region ;  

DDPE ODID OPRD ODLS TNRI PA 

0 .6 1 0 . 1 3  4 5  5 °  

1 .68 0 .70  0 . 1 9  5 1  5 . 5 °  
0 .3 5 0 .40 0 . 1 9  0 .26 23 
0.46 0.68 0.30 28 

septa with oblique free parts and very long mural parts. 
Internal wall surface smooth proximally, slightly irregu
lar distally. 

Description. - Curvature of conch distinct, proximal part 
expanding at 5-7 °, distal part at 3-4 °. Small-sized, not 
exceeding 3 .5 mm in material available, estimated adult 
length 4-4 .5  mm, no initial chamber found.  Diameter of 
conch increasing gently from ca. 0 .07 mm proximally to 
0 .07 mm distally, aperture slightly oblique to long axis. 

Rings alike, increasing gradually in size spacing dis
tally, s l ightly oblique to long axis, annular slope towards 
convex side l _2 °. Density of  rings 1 1- 1 5  per mm proxi
mally, 7-1 0 per mm distally (measured at conch diameter 
less than 0.2 mm and more than 0.45 mm, respectively) . 
Rings symmetrical, with gently rounded crests and flat 
slopes. Height: basal width l :  l .  Annulets regularly 
spaced in interspaces, 3-5 per interspace proximally, 7-9 
distally, orthodine and pointed. Interspaces flat or 
slightly concave, 1 . 5-2 times as wide as bases of rings . 
Lirae weakly developed, d istal on slopes of rings, with a 
distal density of ca. 30  per O . l mm. 

Proximal septal region ; septa dose ly spaced, 0 .05-0 .07  
mm apart, more than 20 ,  last septum at outer conch 
diameter of  0 . 25-0 .30  mm. Septa normally sloping 
slightly ( l _2 °) towards convex side of conch. Free parts 
straight or slightly convex. Mural parts very persistent,  
the last up to 1 .25  mm long, i .e .  2 /3 the length of living 
chamber. Examination of septa in polarized light shows 
texture to differ from that of primary shell . 

Living chamber symmetrical, slightly conical with blunt 
proximal end. Internal wall surface smooth proximally, 
sl ightly irregular distally. 

Thickness of primary shell 0 .0 1 -0 .0 1 5  mm proximally, 
0 .03-0 .045 mm distally. Secondary thickening from 
mural parts almost doubling wall thickness , with maxi
mum at last septum where thickness of primary shell 
0 .0 1 5  mm and thickness of  secondary shell 0 .025  mm. No 
pseudopuncta. 

Remarks. - The external features of Gotlandellites visbyensis 
show little variation in the many populations studied. 
Some minor irregularities have been observed in the 
spacing of the proximal rings ; occasionally, some pairing 
of rings occurs in this part. Some variation may be 
observed in the attitude of  septa, which may have steeply 
indined- free parts towards the convex side of the conch 
(Fig. 67D) .  In the specimen figured the septa are de
veloped on only one side, but this probably results from 
preparation of thin sections .  
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Fig. 67.  Gotlandellites visbyensis n. sp.  A, D. Nyhamn l ,  G 72-8 KL. 
B .  Nyhamn l ,  MS 485 .  C .  Nyhamn l ,  MS 875.  E ,  F .  Nyhamn l ,  
G 74-57 KL. O A .  Holotype, SMNH X 1 00 1 ,  x 50.  O B .  
Speeimen showing juvenile part of conch, SMNH X 1 003 ,  x 50 .  

Gotlandellites visbyensis is very similar to the other 
Gotlandellites speeies, G. areolatus, in general shape and 
size, but it may be easily d istinguished by the triangular 
profile of its rings, the wider interspaees ,  the pointed 
annulets and larger number of annulets per interspace . 

o C. Oblique adapertural view of rings and annulets, SMNH X 
1 687 ,  x 300 .  O D. Longitudinal section of septal region 
(polarized light), SMNH X 1 005 ,  x 50. O E, F .  Longitudinal 
section of septa, X 1 00 ,  and detail, x 400, SMNH X 1 004 . 

G. visbyensis also resembles an undescribed Gotlandellites 
speeies occurring in the Purple Shales of Shropshire, 
Great B ritain, but differs from the latter by the lower 
relief of its rings. 
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Table 45. Gotlandel/ites visbyensis n .  sp.  (dimensions i n  mm) .  

Spee .  No.  DEEC 

SMNH X 1 0 0 1  2 . 1 3  
(holotype) 
SMNH X 1 002 2 .68 
SMNH X 1 003 l .50 
SMNH X 1 004 1 .45  
SMNH X 1 005 2 .80  
SMNH X 1 006 2 . 1 7  

Occurrence. - Gotlandellites visbyensis i s  the dominant i n  the 
Lower Visby Beds ,  in which it ranges to the uppermost 
part. Because the boundary of the Lower and Upper 
Visby Beds is difficult to distinguish lithologically at the 
various localities ,  the upper stratigraphical limit of the 
speeies cannot yet be settled. In  all samples from the 
boundary interval, it occurs together with Porpites porpita, 
which has been generally regarded as an index fossil for 
the Lower Visby Beds. The stratigraphical value of the 
latter has recently (Sheehan 1 977 )  been qeustioned be
cause it appears to extend into U pper Visby Beds at 
Snackgardsbaden l .  However, these occurrences are 
referred to Porpites cf. porpita, and it could be another 
undescribed speeies of Porpites. Finds of a Porpites speeies 
is basal Wenlock strata (M .  G .  Bassett, personal com
munication)  might support such an interpretation.  Lower 
in the sequence , fragments possibly of G. visbyensis have 
been found in the core of the bore hole Visbyborrningen 
l at 60 .90-6 1 .54 m and 1 06-1 07 m.  The age of these 
leveIs can be placed at C5  (M. G .  Bassett, personal 
communication 1 976) .  Outside Gotland, Gotlandellites vis
byensis, or a closely related speeies has so far been seen 
only in the Purple Shales of Shropshire, Great B ritain. 

B iostratigra phical 
significance 
This study shows that Silurian thick-walled tentaculitoids 
are useful  for biostratigraphy, as is the case with Devo
nian tentaculitoids, both thin- and thick-walled. Within 
the two areas investigated, Gotland and Scania, it is 
obvious that the various horizons are characterized by 
significant populations of tentaculitids .  The taxa are 
well-differentiated and possess the qualities of index 
fossils, i .e. rapid evolution , wide geographical distribu
tion, tolerance of many environments, abundance . 
Morphological characters allow simple identification of 
taxa. The qualities are comparable with those of other 
important fossil groups, i . e .  palaeocope ostracodes, 
chitinozoans and conodonts. I t  is pleasing to conclude 
that Hadding's ( 1 933 : 1 0 )  predietion for tentaculitids that 
"they ought to be valuable as index fossils" has come true . 

It is evident from the range charts, Figs . 68 and 69 ,  that 
the specific ranges are short, in severai cases confined 
within a graptolite zone or an ostracode or conodont 

DDPE ODm OPRD ODLS TNRI PA 

0.42 0 .4 5  0 . 1 8  1 9  

0 .53 0 .53 0 .28 22 
0 .25  0 .23 0 .04 23 5 . 5 0 

0 .55  0 .28 0.09 0 .28 24 7 0 

0 .20 0 .45 0 .20 0 .30 26 
0 .80 0.3 5 0.08 0.3 1 28 6 .5 0 

fauna. The vertical distribution of tentacu litids ,  both on 
Gotland and in Scania, shows clearly that the ranges of 
wel l  defined faunas fall within the established to
postratigra phical units . Thus,  on Gotland at lea st, 
tentaculitids are another fossil group which corroborates 
broadly Hede's ( 1 92 1 )  topostratigraphical division of  the 
sequence. 

The study shows that the diversity and vertical dis
tribution of Silurian tentaculitids differ from earlier 
concepts, not on ly on Gotland and in Scania . Thus, care is 
necessary with older notes on distribution and occur
rence of tentaculitids in the Silurian . For example, 
Tentaculites hisingeri has been referred to commonly in  
literature as T.  sealaris and reported from the B urgsvik 
and Hamra Beds on Gotland , and from the Oved
Ramsåsa Beds units 1 -2 in Scania. I t  can now be demon
strated that Tentaculites sealaris is  confined to the units3-4 
of the Oved-Ramsåsa Beds ,  while T. hisingeri is a closely 
related speeies which precedes it stratigraphically. 
Another speeies reported commonly from the Ludlow of 
Gotland is Lonchidium inaequalae. However, this  speeies is 
confined to leveIs well up  in the Downtonian and does 
not occur in Sweden. The Ludlovian tentaculitids earlier 
referred to L. inaequalae include at least four new speeies 
of Lonchidium. 

The regional distribution of tentaculitids can so far 
only be considered for one basin. Correlation between 
Gotland and Scania by means of tentaculitid faunas is 
good, although there are also some very different faunal 
elements in the two areas .  The horizontal distribution 
outside Sweden of the taxa described is still poorly 
known. This reflects basically the lack of modern studies 
on Silurian tentaculitids from other areas. Some of the 
Downtonian speeies in Scania can be proved to occur in 
Estonia and Poland. This seems further evidence that 
thick-walled tentaculitoids may be used for intra-basinal 
comparison . Correlation using tentaculitids is less fruitfu l  
with other areas, especially with Great B ritain where only 
one tentacu litid speeies occurring in Sweden has so far 
been identified. However, it should be stressed that my 
comparison is limited to a few horizons in the B ritish 
Silurian, i .e. with some museum material from Dudley, 
Shropshire and Usk.  The u pper Wenlockian sequence at 
Dudley yields three or four speeies but none of these 
occur in Sweden. From Shropshire there is on ly one 
speCIes III com mon with Gotland, from the uppermost 
Llandoverian. The lack of  good correlation with the 
sequence in Great B ritain may relate largely to the 
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Silurian tentaculitid faunas there being almost unknown ;  
the few species from Britian described in the  previous 
literature bad ly need revision .  The same is  true of the 
Silurian faunas of Norway, which have never been de
scribed although some species have been named and also 
illustrated (e .g .  in Kiaer 1 908 ) .  From areas outside 
Europe , what iIIustrated material there is of Silurian 
tentaculitids reveals no similarities to the faunas de
scribed in this pa per. Again, the vertical and horizontal 
distribution of the faunas of the other areas are practi
cally unknown. All species which have been described 
and figured need thorough revision . Most descriptions of 
tentaculitid species from North and South America, 
Australia and Asia are in papers published in the second 
half of the nineteenth century. 

The occurrence of tentaculitids in many sedimentary 
environments on Gotland and in Scania demonstrates 
well the talerance to different facies of the various 
species .  There are certainly differences in abundance 
among environments. The overall environment 
characterizing the areas is a shallow epicontinental sea. 
Within this major facies realm, tentaculitids are as 
biostratigraphically important as other groups of index 
fossils , e .g. palaeocope ostracodes. 

Tentaculitids are abundant in most of the horizons and 
localities sampled. Thus, from a sample of moderate size , 
one may expect many identifiable conchs to indicate the 
age of the sample horizon,  generally sufficient for corre
lation. This applies also to core material, as is evident 
from the boreholes examined for this study. 

The various morphological elements of  the conchs are 
in most cases well defined. Commonly, small fragments 
of the conch are sufficient for firm identification without 
need for elaborate preparation techniques. I hope that 
the illustrations and descriptions given in this paper will 
enable easy identification .  

From the distributional pattern of the tentaculitids on 
Gotland and in Scania, it is possible to establish a zonal 
scherne for this region.  However, such a scherne is not 
given he re because I feel it necessary first to examine in 
more detail Silurian tentaculitid faunas from other parts 
of the Baltic basin, e .g. Estonia, Northern Poland and 
Norway. Our knowledge of the Llandoverian and Down
tonian-Podlasian faunas still has big gaps,  which it may be 
possible to fil l  when the faunas of the areas mentioned 
are examined. Then, a zonal scherne for the whole 
Silurian could be established ; only a scherne based on 
tentaculitids from the upper Llandoverian - lower Down
tonian could be forrned now. 

Stratigraphical distribution 
and correlation 
To supplement discussion of the distribution of 
tentaculitid faunas in the stratigraphical units of Gotland 
and Scania, the ranges of all species described, arranged 
stratigraphically, are shown (Figs. 68 and 69) .  Occur
rences are plotted as black squares. Open squares denote 
that specimens could not be firmly identified .  

I t  should be  stressed that the  mutal relationship of 
units on Gotland is simplified in Fig. 68.  It  is evident 
from recent studies (e .g .  Martinsson 1 967 , Laufeld 
1 974b, Laufeld & Jeppsson 1 976 )  that severai units are 
lateral equivalents and are strongly d iachronous, particu
larly upper Wenlockian - lower Ludlovian sequences. For 
convenience, the stratigraphical sub-units are arranged 
according to the scherne presented by Laufeld ( l 974b, 
Fig .  7 7 ) .  The distribution of tentaculitid species in the 
units and temporai relationships will be d iscussed more 
thoroughly in the text. 

Distribution is d iscussed first for Gotland then for 
Scania. It is unavoidable that the faunal development in 
Scania will be described during the account for Gotland 
when correlation of the two areas is discussed. 

Lower Visby Beds. - The lowest supramarine unit of 
Gotland yielded two tentaculitid s pecies belonging to two 
genera, i . e .  Gotlandellites visbyensis and Seretites? exilis. The 
former s pecies, in the supramarine sequence , i s  restricted 
to the Lower Visby Beds .  I t  is the more abundant of the 
two species .  I t  ranges up to the tap of  the unit .  However, 
its exact upper limit with reference to the boundary of 
the Lower and U pper Visby Beds is  still uncertain be
cause this level is difficult to locate without detailed 
exmination of the fossil fauna across the boundary. The 
earliest occurrence of tentaculitids on Gotland is in the 
core of bore hole Visbyborrningen l at a depth of 1 06-
1 07 m where there are a few fragments, probably of G. 
visbyensis. Similar fragments have also been obtained 
from the same core at 60 .90-6 1 .54 m. I t  is not certain 
whether these beds should be regarded as Lower Visby 
Beds because lower boundary of the unit has not yet been 
delimited .  However, the leve Is in question are clearly of 
C5 (Telychian) age (M .  G.  B assett, personal communica
tion 1 976 ) .  

The tentaculitid fauna of the Lower Visby Beds  corre
lates well with that, still undescribed ,  from the Purple 
Shale in Shropshire, Great Britain. In  samples obtained 
from Dr.  A .  Aldridge, Nottingham University, abundant 
speeimens of Gotlandellites have been identified ,  some 
closely related to or identical with G. visbyensis. Some 
minute fragments suggest the presence also of a Seretites ? 
speeies in these samples. The stratigraphical ranges of 
these tentaculitids within the Purple Shale have not so far 
been established. 

Upper Visby Beds. - Three species, Gotlandellites areolatus, 
Seretites? exilis and S. ? cataractae, occur concurrently in the 
Upper V isby Beds .  None of these species are exclusive to 
these strata. Gotlandellites areolatus a ppears little above the 
lower limit of the unit, as at Vattenfallsprofilen l and like 
Seretites ? cataractae passes the Upper Visby - H6gkL" .lt 
Beds boundary. The latter s pecies appears for the first 
time on Gotland a few metres below this boundary . S. ? 
exilis only passes the boundary between the Lower and 
U pper Visby Beds. At all localities studied which ex pose 
strata of U pper Visby Beds age, Gotlandellites areolatus is 
by far the dominant tentaculitid species .  

Hogklint Beds. - Two of the three s pecies in the U pper 
Visby Beds continue into the H6gklint Beds where three 
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Fig. 68. Stratigraphical ranges of Silurian tentaculitids of Got
land. Filled squares represent typical populations, while open 
squares represent either forms referred to as cf. or those not 

new speeies, Tentaculites limatulus, T. liquis, and Turmalites 
follingboensis, appear. Of the three new speeies ,  the last
mentioned continues up into the Slite Beds,  while T. 
limatulus and T. liquis are confined to the middle and 
upper Hogklint Beds .  Detailed examination of faunal 
and floral dynamics in the lower Wenlock sequence at 
Vatten falls profilen l has delimited the distribution of 
some of the speeies. Gotlandellites areolatus occurs 
abundantly up to the middle part of unit b, as does 
Seretites? cataractae which almost reaches the top of the 
unit .  Tentaculites limatulus is restricted to units b and c 
although it is possible that it occurs both earlier and later, 
as is indicated by one fragment found one metre below 
the U pper Visby - Hogklint B eds boundary and two 
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specifically determined.  Stratigraphic subdivision in accordance 
with Laufeld 1 974b, Fig. 7 7 .  

moulds in un i t  d of the  Hogklint Beds  in the  section a t  
Vattenfallsprofilen 1 .  However, the  identity of the  se 
fragments is not definite and they are designated provi
sionally as Tentaculites cf. limatulus. Tentaculites limatulus is 
not very com mon and it has so far been found only at a 
few localities in northwesternmost Gotland.  The dosely 
related T. liquis is the characteristic speeies in unit b at 
localities around Kappelshamn B ay and on Fåro I sland in 
northern Gotland . I t  is restricted to this unit .  Although 
numerous samples have been examined from the cor
responding level in the section at Vattenfallsprofilen l ,  

no speeimen of this speeies has been found.  Turmalites 
follingboensis occurs sparsely at a few localities exposing 
unit b (Horsan l ,  SHithallar 2) and in the southwest facies 
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of the Hogklint Beds at Ansarve 1 -3 .  The infrequency of 
tentaculitids in the latter area is striking. I t  is  possible that 
conditions were deeper there ,  as i s  indicated by the lack 
of reefs and the more argillaceous nature of the sedi
ments, and were less favourable to the development of 
prolific tentaculitid faunas. 

The distribution of tentaculitids in the Hogklint Beds 
indicates that not many species can be used for further 
subdivision of the unit. The spatial distribution of some 
species ,  e .g. Tentaculites limatulus and T. liquis, is very 
irre gular. This is unfortunate considering their rather 
limited temporai distribution .  

Tofta Beds. - I n  spite of extensive sampling in the Tofta 
Beds no tentaculitids were found during the present 
study. This can probably be ascribed to unfavourable 
environmental factors , such as extremely shallow-water 
conditions with evidence of  erosional events (Hede 1 94 0 :  
43 )  and bottom and wave conditions favouring the de
velopment of oncolitic algae (cf. Hede 1 940 ,  Fig. 1 3 ) . I n  
other strata with prolific growth of algae tentaculitids 
occur very rarely (e .g .  Klinteberg Beds,  Hamra Beds,  
unit a ) .  

In the l iterature , only one  occurrence of a tentaculitid 
in the Tofta Beds has been reported, i . e .  Hede ( 1 92 1 :  3 7 )  
recorded an Alternatus? species a s  Tentaculites multian
nulatus. It is significant that this genus was found, because 
other occurrences of species of Alternatus? indicate great
er tolerance than other tentaculitid genera towards 
hostile environments. 

Only one species ,  Turmalites follingboensis, which occurs 
in beds older than the Tofta Beds,  also occurs in younger 
beds . 

Slite Beds. - The lower units ,  a to e, of the Slite Beds give a 
very poor yield of tentaculitids ,  probably because of 
unfavourable bottom conditions.  Most of the five units 
com prise coarse calcarenites, occasionally with some 
mud. Only one locality , Stora Myre l in unit d, has 
yielded a few fragments which could be provisionally 
referred to Turmalites follingboensis? and Turmalites 
slitiensis? Otherwise on ly some poorly preserved speci
mens of Alternatus? species have been found. 

Passing from the limestone belt in the west to the wide 
eastern traet which chiefly com prises marly deposits, 
quite another picture emerges  with a radical change in 
abundance and diversity of the tentaculitid fauna. In  the 
Slite Mari, northwestern part, four new species appear, 
five if some still undifferentiated levels in the Slite Mari \, 
are included. In most samples an abundant fauna with 
Turmalites follingboensis, Turmalites slitiensis, Dierieoeonus 
acutalis, D. gutnieus and Seretites ? versabilis occurs. 
Diericoeonus elintianus is sparse in the Slite Mari, north
western part, unitsf and g and in undifferentiated levels 
within the Slite Marl. Only two of these species, T. 

follingboensis and D. elintianus, seem to occur in the 
Conehidium tenuistriatum Beds .  However, the material is 
poorly preserved .  All species except Seretites? versabilis 
pass into the Ryssnas Limestone, unit g. A few , Turmalites 
slitiensis, D. acutalis and particularly D. elintianus, also 
appear in the Pentamerus gotlandieus Beds although the 

first two species occur only sparsely.  The vertical dis
tribution of  Seretites? versabilis is very limited, and is even 
narrower in Traetabilopsis serratus which occurs im
mediately below the Ryssnas Limestone in a restricted 
area on the east coast of Fåro Island from 
Sudersandsviken l to Haganas l .  In  that area it forms the 
dominant speeies ,  e . g. ,  at Haganas l .  

There is generally no problem correlating levels in the 
Slite Mari using tentaculitids .  Only in the south western 
area, e .g. ,  in the area around Valbytte l and 2 ,  the low 
abundance of tentaculitids may cause some problems .  
The low abundance can probably be ascribed to deeper 
conditions.  

In the upper Slite Mari in the southwestern area 
around Klintehamn,  a completely new association of 
tentaculitids appears . The beds,  referred to as Pentamerus 
gotlandieus Beds (Hede 1 927a :  29-30) ,  lie immediately 
below the top unit of the Slite Beds,  the Slite Siltstone, 
and contain three species of  Diericoeonus, i .e .  D. elintianus, 
D. svarvariensis, and D. valliensis. The last species also 
occurs in  Pentamerus gotlandieus Beds more to the north
east, in the Vallstena - Tjeldersholm area. Diericoconus 
elintianus is  very com mon at all localities in the 
K lintehamn area. 

The Slite Siltstone has not yielded tentaculitids .  In  the 
stratigraphical scherne of Laufeld & Jeppsson ( 1 976 ,  Fig. 
4) ,  this unit is  shown as laterally equivalent in northwest 
Gotland to unit g and to the underlying Slite Mari, in 
southwest Gotland also to the topmost Slite Marl .  This 
synchroneity of the Pentamerus gotlandieus Beds and unit g 
has some confirmation in the occurrence in both units of 
Dierieoeonus elintianus. However, there are also major 
differences :  Turmalites follingboensis and Diericoconus 
gutnieus are missing in the P. gotlandieus Beds in both the 
southwest and northeast. There is good reason to believe 
that the Dierieoconus fauna of the southwest is younger 
than the Ryssnas Limestone fauna of the northeast. The 
latter unit was considered a member of uni 'b by Laufeld 
( 1 974b : 1 0) .  Beds above the P. gotlandieus Beds have none 
of the species just mentioned. Next to the Slite - Mulde 
and Hemse - Eke boundaries, the Slite - Halla boundary 
shows the most conspicuous change of the tentaculitid 
fauna on Gotland . 

Halla Beds. - In the Halla B eds the earliest tentaculitids 
come from unit b at Horsne l ,  where sparse specimens of 
Diericoeonus eracens occur together with a very prolific 
fauna of Alternatus? spp.  This level is obviously in the 
middle or u pper part of unit b because Dierieoeonus eraeens 

<l found in the southwest in lowermost unit b, which there 
rests unconformably on the Slite Siltstone, e .g .  Klintebys 
l .  The occurrence of Diericoconus eracens in unit b is 
notable because the species is otherwise restricted to the 
lower Mulde Beds. Thus, this species corroborates the 
correlation of the Mulde Beds with the lower Halla Beds 
as is outlined in Martinsson ( 1 96 7 :  365) .  The stratigraph
ical scherne of Laufeld & Jeppsson ( 1 976 ,  Fig. 4 )  shows 
the same correlation ,  but unfortunately it is not com
mented on in the text and so the criteria for such 
correlation are uncertain. 

Another species which shows affinity to Mulde Beds 



fauna, and here referred to as Volynites cf. muldiensis, has 
been found sparsely at one Halla Beds locality , i . e .  
Gandarve l .  The exact level within the Hal la  B eds of this 
locality is not known (Hede 1 92 9 :  1 6) but, judging from 
the occurrence of V olynites muldiensis mainly in the u pper 
M ulde Beds, a level high in unit b or low in c is possible. 

The Halla Beds unit c, has a completely new fauna. 
The gen us P odolites a ppears on Gotland for the first time . 
Two species are represented together with Tentaculites 
gothemensis. This fauna is encountered chiefly at localities 
in the Gothemshammar area. At severai places there and 
also in the Horsne area, the three species continue into 
the lower Klinteberg Beds .  For Tentaculites gothemensis it is 
not fully certain, but Podolites hedei and P. ternatus go on 
up into the Hemse Beds .  Podolites ternatus and, particu
larly, P. hedei occur very abun�antly in unit c of the Halla 
B eds .  None of the three species have been found in the 
M ulde Beds, although at least their uppermost part 
should be equivalent to lower and middle unit c of the 
Halla Beds according to Laufeld & Jeppsson ( 1 976 ,  Fig. 
4) . Instead, Tentaculites gothemensis ? and Podolites hedei? 
have been found at severai localities in the lower 
K linteberg Beds of  the southwest, the former species e .g .  
at Forse l and K linteberget l ,  the latter at  Frojel 4 and 
Klinteberget l .  U nfortunately the preservation in gener
ally calcarenitic beds is poor, and this makes difficult 
precise identification of species .  However, the generic 
designation is indisputable. The occurrence of similar 
tentaculitid faunas in the upper Halla Beds in the north
east and the lower Klinteberg Beds in the southwest 
points to diachronism of these units on Gotland,  as was 
shown by Martinsson ( 1 967 ,  Fig. 2) and Laufeld & 
Jeppsson ( 1 976 ,  Fig. 4 ) .  

Mulde Beds. - The Mulde Beds have a well defined 
tentacul itid fauna and the two established units are 
clearly distinguished on occurrence of easily recognized 
species .  The lower part is characterized by Dicricoconus 
cracens, while Volynites muldiensis is by far the dominant 
species, together with Volynites scalpratus, in the upper 
Mulde Beds. The most abundant occurrences of Volynites 
muldiensis were at Mulde Tegelbruk l and Klintebys l .  
Both localities were referred by Laufeld ( 1 974a) to undif
ferentiated Mulde Beds but, j udging from the occur
rence of this species at othe localities in upper Mulde 
B eds, the two localities should also be high in the sequ
ence. This is further supported by the fact that samples 
from localities with lower Mulde Beds, e .g. B låhall l and 
Djupvik l ,  do not contain Volynites muldiensis except one 
specimen at Dju pvik l .  The third M ulde Beds species,  
Volynites scalpratus, has so far only been found at M ulde 
Tegelbruk l .  

The tentaculitid faunas of . the Mulde Beds have no-
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Beds and the u pper Halla B eds (unit c ) ,  although equival
ence of these levels is indicated in Laufeld & Jeppsson 
( 1 976 ,  Fig. 4). The correlation favoured by Martinsson 
( 1 967 : 365 ,  Fig. 2) of the upper Mulde Be'ds with the 
lower-middle Halla B eds seems more appropriate to the 
distribution of  the tentaculitid faunas. 

Klinteberg Beds. - The distribution of  tentaculitids in the 
lower K linteberg Beds has been discussed in the preced
ing sections .  Not much is known about the distribution of 
tentaculitids in the midd le and upper Klinteberg Beds,  
mainly because of the unfavourable facies in which 
limestones and reefs predominate. However, it is evident 
that Podolites hedei and P.  ternatus continue into the lower 
Hemse Beds. In  the southern area of Klinteberg Beds ,  
north of Hemse, Laufeld ( 1 974b :  1 1 ) distinguished 
K linteberg Mari forming the top Klinteberg Beds .  This 
unit contains a very characteristic species, Dicriconus 
aemulus, which also appears in the Hemse Mari, north
western part. 

Remse Beds. - The earliest tentaculitid in the Hemse B eds 
seems to be Dicricoconus aemulus, w hich appears low in the 
Hemse Mari, northwestern part, at Snoder 1-2 ,  Eske l 
and in the area of Lilla Hallvards. In  the last area, it does 
not occur at localities Lilla H allvards 1 -4 .  The specimen 
(Fig. 59A) derives from Hede's collection and was prob
ably sampled somewhat northwest of the cIassic Lilla 
Hallvards (Petesvik) locality . 

The absence at Snoder 1 -2 and Eske l of another 
significant Dicricoconus species which appears high er in 
the Hemse Mari, i . e .  D. tenuissimus, may indicate that the 
localities are rather low in the Hemse MarI. Dicricoconus 
aemulus on ly appears at localities within the Hemse Mari, 
northwestern part. Its northeasternmost occurrence is at 
Tanglings l ,  and it has not been identified in levels 
referred to unit a of the Hemse Beds. Diachronism of the 
K linteberg - Hemse boundary seems well demonstrated 
by this species .  

A com mon species in the Hemse Beds is Dicricoconus 
tenuissimus (Hede) .  It appears in the Hemse Mari, north
western part, and ranges into the upper part of unit e in 
the northeast. I t  probably does not reach the level with 
Dayia navicula (Dayia Flags) on Gotland ; it i s  missing from 
all localities where these beds are exposed, e .g . , at 
Botvide l ,  Gogs l ,  Nyan 2 ,  Malms l .  A similar range is 
indicated from the bore hole B urgsviksborrningen l 
where the highest record of the species is 7 l . l 3 m ,  i .e .  
7 .63 m below the Hemse - Eke boundary . In  Scania D. 
tenuissimus has not  been found in the Dayia Flags at the 
bottom of the Oved-Rarnsåsa Beds either. 

The earliest occurrence of Dicricoconus tenuissimus 
seems to be at Lukse l .  It forms the rna in constituent of 

thing in com mon with those either of the underlying Slite the tentaculitid fauna in the southwesternmost area with 
Siltstone and its equivalents or of the overlying I Hemse Beds,  i . e .  along the coast from Lilla Hallvards l to 
K linteberg Beds .  The distinct faunal break at the Slite J <t Y Vaktård 1-2 .  It is also characteristic of the southeastern 
Mulde boundary conforms to that observed for other Hemse MarI. 
fossil groups, as was described by Hede ( 1 92 1 ,  50-S l ) . Another interesting tentaculitid species is Odessites 
However, it is not true of the chitinozoans which, accord- geretiensis. It enters the sequence together with D. tenuis-
ing to Laufeld ( 1 974b: 1 27 ) ,  have a "Slite aspect" . There simus but does not range up to the ,leveis of the coastal 
are no faunal elements in common for the upper Mtilde localities mentioned above. I nstead, its main distribution 

l l -Larsson 



1 66 Kent Larsson 

is at e .g .  Gerete l ,  Rangsarve l ,  Amlings l ,  Tanglings l 

and Sigvalde l .  It has also been found in the north
easternmost Hemse Beds at Hammarudden l and 
Grogarnshuvud l ,  i .e. in unit c of the Hemse Beds .  

With the appearance on Gotland of Dicricoconus tenuis
simus and Odessites geretiensis, we can for the first time 
correlate with tentaculitid faunas in Scania. There, both 
species occur at Skarhult in the middle of the Colonus 
Beds and the former species has also been found at 
R6ddinge l ,  in beds approximately equivalent in age . 
This same correlation has been demonstrated previously 
by gra ptolites .  

In the limestone area in the Ostergarn district of 
Gotland, the lowest Hemse Beds tentaculitids are in unit  
b. Faunas are rather sparse with Podolites hedei and P. 
ternatus. The former species occurs also in undif
ferentiated lower-middle Hemse Beds .  In unit c of the 
same area, the dominant species is Podolites paeninsulicola. 
It seems restricted to the Ostergarn area. 

In the middle Hemse Beds a new species ofOdessites, O. 
injlatus, makes its debut on Go�land. The species appears 
in the Hemse Mari, southeastern part, at e .g. Vastlaus l ,  

Kodings 1 -4 ,  Hulte l ,  Tjangdarve l ,  Glaves l ,  3 and 4 ,  
and in the northeast in the u pper part of unit d at Sysne l 
and Sysneudd l .  In unit e at many localities in the Lau 
district it forms the dominant species, together with 
Dicricoconus tenuissimus. Odessites inflatus occurs up to the 
very top of unit e but never cross es the Hemse - Eke Beds 
boundary . In  this area it occurs with Neobeyrichia lauensis. 
The same is the case in Scania, where O. injlatus is the 
earliest tentaculitid species in the Oved-Ramsåsa Beds 
unit l a sensu Gr6nwall ( 1 897)  and occurs together with N. 
lauensis at e .g .  Lunnarna 2, Kl inta l and in the lowermost 
levels at Bjarsj61agård l .  In  the bore hole Bjarsj6lagård
borrningen l O. inflatus appears dose to the base of the 
core, at 95 .72  m, and extends up to 52 . 50  m. Neither in 
this core, nor at the localities mentioned in Scania, have 
traces of Dicricoconus tenuissimus been found . .  This indi
cates that the lowest Oved-Ramsåsa Beds are synchron
ous with the topmost Hemse Beds. The great similarity of 
the palaeocope ostracode faunas of the Dayia Flags in 
Scania and on Gotland was shown by Martinsson ( 1 967 : 
3 7 1 ) . 

The appearance of Odessites injlatus is consistently in 
the Hemse Mari dose to the north western l imit  of the 
southeastern facies. This may constitute further evidence 
of the marked facies and faunal changes that occur in the 
midd le Hemse Beds, as demonstrated by Hede ( 1 927b :  
24) ,  Martinsson ( 1 962 : 53-54 ) and Laufeld ( 1 974b :  1 27 ) .  

The diversity o f  the tentaculitid fauna i n  the Hemse 
Beds is  exceeded on Gotland only in the Slite Beds. Seven 
species are present, not induding many Alternatus ? 
species. 

Eke Beds. - There is a drastic change in the tentaculitid 
faunas at the Hemse - Eke Beds boundary as defined in 
the Lau areas .  At severai localities where the basal Eke 
Beds are exposed, e .g . , Botvide l ,  Nyan 2, Malms l ,  no 
tentaculitids occur. This is also evident in the southwest, 
e.g. Bodudd 2, Olsvenne 4, and Sigsarve l .  I t  is not until 
leveIs of, e .g. , Havdhem l ,  Hallsarve l ,  Lingvide l and 

Hummelbosholm 2, that tentaculitids are first found, 
then represented by Odessites prolatus and Tentaculites 
obstipus. Slightly higher, these species are joined by 
Tentaculites hisingeri. The three species form a very 
characteristic assemblage in the middle Eke Beds .  In the 
upper Eke Beds four new species appear, -though at 
different times. Close to the Eke - Burgsvik Beds boun
dary the first  two representatives ofLonchidium appear, i .e .  
Lonchidium ogmotum and L. scanicum. A concurrent species 
is Odessites portensis, which has only been found in a 
restricted interval around the Eke - Burgsvik Beds 
boundary . Tentaculites hisingeri and T. obstipus are as
sociated with this fauna, but Odessites prolatus has disap
peared .  The occurrence of Odessites lauensis is notable. It 
has only been found in the Rhizophyllum Limestone at Lau 
Backar l ,  and possibly occurs at Petsarve l in  undif
ferentiated middle-upper Eke Beds .  At Lau B ackar l no 
other tentaculitid species occur, while Petsarve l has 
Tentaculites obstipus. 

Severai of the tentaculitid species in the Eke Beds also 
occur in Scania, and can be used accordingly for correla
tion.  The association of  Lonchidium scanicum, L. ogmotum, 
Odessites portensis and Tentaculites hisingeri is significant for 
the middle-upper part of unit l (sensu Gr6nwall 1 897)  of 
the Oved-Ramsåsa Beds,  i .e .  in units 2-3 sensu Eichstadt 
( 1 888)  or in unit l b  of Gr6nwall ( 1 897 ) .  Thus, the leveIs 
around the Eke - B urgsvik Beds boundary, as seen e . g. in 
the Ronehamn area on Gotland , seem to correlate 
perfectly with this interval of the Oved-Ramsåsa Beds .  
Jeppsson ( 1 974 : I l ) reached the same condusion from 
his conodont studies .  Jeppsson compared his Older 
Hindeodella steinhornensis scanica fauna at Klinta and 
Bjarsj61agård to the conodont fauna of the middle Eke 
Beds.  The earl y occurrence of Tentaculites hisingeri in 
Scania supports this correlation but, among other im
portant faunal elements of the midd le Eke Beds,  Odessites 
prolatus is inissing in Scania and Tentaculites obstipus has 
only been found rarely in the uppermost part of unit l b, 
i .e .  in unit 3 sensu Eichstadt ( 1 888 ) .  

Burgsvik Beds. - The Burgsvik Beds have two of the 
earlier species, Tentaculites hisingeri and Lonchidium 
scanicum. The lowermost beds are characterized by 
Lonchidium ogmotum and Odessites portensis, then the se 
disappear shortly above the Eke - Burgsvik boundary . 
Tentaculites obstipus passes up to the top Burgsvik Beds,  
but never crosses the Burgsvik - Hamra B eds boundary. 

The tentaculitid fauna of the B urgsvik Beds cor
responds well to that of the uppermost part of unit lb of 
the Oved-Ramsåsa Beds,  particularly the Tentaculites 
hisingeri - T. obstipus association. 

Hamra Beds. - The Hamra Beds have two species In 
com mon with the preceding Burgsvik Beds and four new 
species, three of which are confined to the middle part, 
unit b. Tentaculites hisingeri is common in all three sub
units . Its  highest occurrence is at Barkarveård l in unit c. 
The lo west unit, a, is characterized by the disappearance 
of Lonchidium scanicum. 

The main occurrence of tentaculitids is in unit b, 
particularly in the northeastern area, south of Gr6tling-



boudd, i .e .  in the Bankvat area. Three species of 
Lonchidium are present and totally dominate the fauna. 
Tentaculites hisingeri occurs sparsely in the area. Much 
more abundant faunas which indude this species are 
found in unit b in the southwestern Hamra Beds ,  e .g .  at 
Kattelviken 4-5 , H usryggen 3 ,  Hallbjans l and Majstre l .  

The beds at these localities are probably somewhat 
younger than those to the northeast at Bankvat, because 
no Lonchidium species occur and a new species ,  Odessites 
majstriensis, appears. The latter species is a very 
characteristic constituent of the fauna of units b and c of 
the Hamra Beds in southernmost Gotland. That the 
localities are high in unit b is evident from the proximity 
of the horizons sampled to unit c, commonly only a few 
metres below the biohermal limestones which constitute 
its base. In the argillaceous equivalent of the bioherms,  
Odessites majstriensis is the only tentaculitid identified 
certainly apart from species of  Alternatus? There are 
other tentaculitids ,  probably referable to Odessites, but the 
poor preservation does not perrnit doser identification.  
At Barkarveård l some specimens which dosely resemble 
Lonchidium groetlingboense occur, unfortunately with 
poorly preserved conchs. These specimens are provision
ally referred to L. cf. groetlingboense. 

The present knowledge of the tentaculitid faunas of 
the Hamra Beds does not perm it correlation with leve Is 
in the Oved-Ramsåsa Beds.  Only Tentaculites hisingeri and 
Lonchidium scanicum are common in the Hamra Beds, but . 
in Scania both species extend up to the yellow sandstone , 
unit 2 (Gronwall 1 897 ) ,  which is almost barren of fossils .  

Sundre Beds. - The distribution of tentaculitids in the 
Sundre Beds is still unsatisfactorily known, mainly be
cause of unfavourable facies of dense crinoidal and reef 
limestones. On ly one tentaculitid species has been defi
nitely identified, i .e .  Odessites majstriensis, which passes the 
Hamra - Sundre Beds boundary at Juves l ,  3 and 4 .  
Because this species has not been recorded from Scania 
no tentaculitid correlation with Scania can be made. 

A notable occurrence of tentaculitids is at H olmhallar 
on the southern point of Gotland, where a fauna has 
been obtained from fissure fillings in reef limestones. 
The fauna is not described here because the material is 
much fragmented and certain assignment of the various 
pieces cannot be made. It  contains at least three species 
and it is definitely younger than the fauna referred to 
above at Juves. Some fragments show similarities to 
Odessites lebiensis and Lonchidium mobergi, but firm identifi
cation is still not possible. I t  could be that the fauna has 
some similarity to the lower Downtonian fauna seen in 
Scania. The palaeocope ostracode fauna has some lower 
Downtonian aspect because a very characteristic Be
rolinella species which occurs in the fissure fillings also 
appears in units 3 and 4 of the Oved-Ramsåsa Beds in 

Scania. The conodont fauna also has a Downtonian 
affinity (M. Lindstrom, personal communication 1 978 ) .  
J f  the Holmhallar fauna turns out  to  be  younger than any 
other Sundre B eds fauna, it would certainly open in
teresting palaeogeographical perspectives. The HolmhaI
lar reefs contain a number of fissure fillings (cf. Manten 
1 97 1 :  200-205 ) .  These fissures merit doser examination 
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to settle the age relationship between the reef and the 
fissure fillings . Manten ( 1 97 1 :  20 1 )  favoured filling con
temporaneous with reef growth, bur his condusion was 
based solely on sedimentological criteria. 

In the submarine sequence south of  Gotland the 
Silurian sam ples collected and partly described by 
Martinsson ( 1 965b :  33 1-335 and 1 96 7 :  375 ,  Fig. 3) in
du de some tentaculitid remains.  Only tentaculitids in one 
sample from Hoburgs Bank, HBB IV : 2 (Martinsson 
1 965b:  334 ,  Fig. 4 ) ,  could be identified as Tentaculites 
scalaris von Schlotheim. This species is associated with 
abundant specimens of Nodibeyrichia tubereulata, and ac
cordingly the level is higher than the youngest Silurian 
beds of Scania. Unfortunately, the poor preservation of 
tentaculitids in other material from Hoburgs Bank, i .e .  
HBB 1 0 1  (cf. Martinsson 1 96 7 :  3 7 5 ,  Fig. 3) and HBB I 
and I l  (Martinsson 1 965b:  334) ,  does not perrnit definite 
identification ,  so no comparison can be made with the 
contemporaneous tentaculitid faunas in Scania. 

In the preceding account, it was necessary to indude 
some comments on the tentaculitid faunas from Scania 
and the correlation between Gotland and Scania. Still to 
be mentioned are some striking discrepancies between 
the faunas of  the two areas, and a large part of the 
sequence in Scania, i .e .  the Downtonian, has no equival
ent in the supramarine sequence of Gotland . These 
points will be considered in the following paragraphs. 

Colonus Beds. - Only two localities in the Colonus Beds 
have yielded tentaculitid faunas, at levels which are 
probably equivalent. As already pointed out, both the 
species present, Dicricoconus tenuissimus and Odessites 
geretiensis, facilitate good correlation with the Gotland 
sequence. Because no other tentaculitid faunas are 
known in Scania until the lowermost Oved-Ramsåsa 
Beds, there is a considerable gap in our knowledge of the 
faunas, perhaps of more than one or two graptolite 
zones. The chance of finding reliable tentaculitid faunas 
in the upper Colonus Beds i s  probably small to�, because 
of the generally deep-water character of the sediments. 

Oved-Ramsåsa Beds. - The lowermost Oved-Ramsåsa 
Beds, e.g. at Lunnarna, in  the ditch section at Bjar
sjolagård l ,  and in the borehole Bjarsjolagårdborrningen 
l ,  have a characteristic association of Odessites injlatus and 
O. petilus. As is seen in the core of Bjarsjolagårdborr
ningen l ,  the latter species appears slightly later than 
Odessites injlatus, and extends somewhat higher in the 
sequence. Whether or not this is significant is difficult to 
assess. The occurrence of both species at Lunnarna and 
at Bjarsjolagård l seems to indicate that their range zones 
are confined ,  using the conodont terminology of 
Jeppsson ( 1 974 ) ,  to be ds with the Pelekysgnathus dubius 
fauna, cf. Fig. 69 .  Odessites inflatus has been found in 
museum material from the Ramsåsa area at Ramsåsa 1 3  
(Ramsåsa locality K o f  Moberg & Gronwall 1 909) .  Thus, 
the position of  this locality can be settled as within unit l 
of the Oved-Ramsåsa Beds .  I n  the bore hole Bjar
sjolagårdborrningen l a third species , Lonchidium incilense, 
occurs in the upper part of the range zones of the two 
species .  A different distribution is indicated by the lowest 
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samples of the section at Bjarsjolagård l ,  in whlch 
Lonchidium incilense is found exclusively in beds with the 
Hindeodella excavata fauna sensu Jeppsson ( 1 974 ) ,  cf. Fig. 
69. This difference in distribution probably reflects the 
failure to obtain any tentaculitid material from samples 
with the Pelekysgnathus dubius fauna at Bjarsjolagård l 

and at Kl inta. More systematic sampling for tentaculitids 
might diminish the difference. 

Two of the species just discussed, Odessites petilus and 
Lonchidium incilense, are unknown from Gotland . 

The next tentaculitid assemblage in Scania is easily 
distinguished from the preceding fauna,  which is well 
demonstrated in Bjarsjolagårdborrningen l (Fig. 70 ) ,  at 
Bjarsjolagård l and at Klinta. The assemblage cQmprises 
four species, Limchidium ogmotum, L. scanicum, Tentaculites 
hisingeri and Odessites portensis, which appear almost 
s imultaneously. Their distribution is particularly well 
seen at Kl inta. Lonchidium scanicum, Tentaculites hisingeri 

and Odessites portensis occur u p to the top of unit 1 b (sensu 
Gronwall 1 897) ,  while Lonchidium ogmotum has not been 
found in beds above the Bjarsjolagård Limestone at 
Bjarsjolagård 2, i .e. in beds with the Hindeodella wimani 
fauna of Jeppsson ( 1 974 ) .  The distribution of these 
tentaculitids in the bore hole Bjarsjolagårdborrningen l is 
incompletely known because no tentaculitids have been 
found in the biostromal Bjarsjolagård Limestone. B e
sides, the samples available from the upper part of the 
core are rather few .  Neither has material been available 
from the corresponding level in the borehole Bjar
sjolagårdborrningen 2. The latter core, together with that 
from Klintaborrningen l ,  will doubtless bridge this gap 
in our knowledge of the stratigraphical ' distribution of 
tentaculitids below the yellow sandstone, unit 2 of Gron
wall ( 1 897 ) .  

,At Kl inta, a specimen definitely of  Tentaculites obstipus 
has been found in museum material labelled "Zone l 
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Fig. 70. Distribution of tentaculitid speeies in the bore hoies 
Bjarsjblagårdbor!rningen l (Bh l )  and Bjarsjblagårdborrningen 
2 (Bh 2), Scania. The units l a, l b, 2, and 3 are those of Grbnwall 
( 1 897)  for subdivision of the Oved-Ramsåsa Beds in Scania. For 
a description of the bore hoies, see Appendix. 

Gronwall/ Zone 3 Eichstadt" . The high leve! within unit l 
(sensu Gronwall 1 897 ) is confirmed by one fragmentary 
specimen from Bjarsjolagård 2 from a Iithology cor
responding well to that of the calcareous, micaceous 
Pteronitella retroflexa-rich shales which form the top beds 
in the quarry at Bjarsjolagård 2 .  

The tentaculitids i n  the lower Oved-Ramsåsa Beds, 
unit l of Gronwall ( 1 897) ,  seem to confirm his sub-divi
sion (Gronwall 1 8 97 :  207-208)  into two units, l a and l b, 
based on the sequence at Bjarsjolagård. Unit l a  was 
regarded as equivalent to unit l of Eichstadt ( 1 888 )  at 
Kl inta, and unit lb with Eichstadt's units 2 and 3. 
jeppsson ( 1 974 , Fig. 6 )  referred Gronwall's unit l a to 
Eichstadt's unit 2, but this must be considered incorrect if 
Gronwall's ( 1 897 : 208) original definition is followed.  
The distribution of tentaculitids in this  interval is known 
rather well both at Klinta and Bji,irsjolagård, so there is an 
interesting control on the correlation of  Gronwall's and 
Eichstadt's units .  In  the core· of Bjarsjolagårdborrningen 
l ,  the beds defined as unit l a, i .e. the sequence below 2 5  
m in the bore hole, contains two faunas.  The lower fauna 
com prises Odessites inflatus, O. petilus, and Lonchidium 
incilense and extends up to 49 .7  m below ground leve! ,  the 
higher com prises Lonchidium scanicum and L. ogmotum and 
reaches at least up to the base of the Bjarsjolagård 
Limestone. The higher beds containing the lower fauna 
form the samples low in the section at Bjarsjolagård l ,  up 
to a leve! exposed 1 3 3  m NW of the bridge. Unfortu
nate!y, a fault between here and the biostrome cor
responding to the Bjarsjolagård Limestone (base of unit 
l b )  about 40 m NW �f the bridge makes it impossible to 
find the vertical distance from here to the base of unit 1 b. 
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The lower fauna i s  not known from the outcrops at 
Klinta, but there is probably a good chance of finding it 
in the core of the bore hole K lintaborrningen l . 

The upper fauna at Bjarsjolagårdborrningen l is well 
represented up  to the very top of the sections at K linta, 
which are referred to unit 2 of  Eichstadt ( 1 888 ) .  As in the 
shales overlying the Bjarsjolagård Limestone at Bjar
sjolagård 2, this fauna, except for Lonchidium ogmotum, 
continues up to a leve!· which corresponds to unit 3 
(Eichstadt 1 888 )  or the Hindeodella wimani fauna of 
jeppsson ( 1 974 ) .  The occurrence of Tentaculites obstipus at 
this leve! both at Bjarsjolagård, and K linta is good evi
dence for their equivalence. The vertical distribution of 
Tentaculites hisingeri is notable. The species has nbt been 
found in the core of 'Bjarsjolagårdborrningen l but 
occurs above the Bjarsjolagård Linestone in  the quarry at 
Bjarsjolagård 2. At Kl inta it appears rather low in unit 2 
sensu Eichstadt ( 1 888 ) .  This seems to indicate that unit 2 
of Eichstadt is either equivalent to the Bjarsjolagård 
Limestone (unit l b ) ,  as was originally suggested by Gron
wall ( 1 897) ,  or at least to part of it . jeppsson ( 1 974 : 1 1 ) 
als o indicates this ; the correlatron seems to match his ,  
because his faunas in ' the · K linta sections fal l  between 
those in uppermost unit l a and lowermost unit 1 b at 
Bjarsjolagård 1 .  

As was pointed out earlier, it is difficult lo correlate , 
using tentaculitids ,  uppermost unit l (Gronwall 1 897 )  
with the highest beds on Gotland. The youngest faunas in 
Scania in this unit occur in  the late Eke-Hamra B eds 
interval. The distributiolli of  Tentaculites hisingeri, T. ob
stipus and Lonchidium scanicum up to the yellow sandstone , 
unit 2 of Gronwall ( 1 897 ) ,  gives the impression that leve!s 
within the latter unit must correspond to the uppermost 
levels on Gotland, the Hamra-Sundre B eds .  The dis
tributions of palaeocope ostracodes (Martinsson 1 967 )  
and  conodonts (Jeppsson 1 974 ) make this a reasonable 
assumption. 

Unfortunately, the yellow sandstone forming unit 2 Of 
Gronwall ( 1 897 )  does not contain any tentaculitids nor 
any other useful  fossils .  The next tentaculitid fauna to 
appear is a completely new assoCiation without 
similarities to preceding faunas. Instead, it correlates well 
with low leve!s in the Podlasie Beds of the subsurface 
sequence of Poland. 

The earliest samples with' tentaculitids from unit 3 
(sensu Gronwall 1 397 )  of the Oved-Ramsåsa Beds come 
from slightly above the yellow sandstone, unit 2 ,  In the 
core of the bore hole Bjarsjolagårdborrningen 2 this leve! 
is ca. 5 metres above \he sandstone ,. at K linta "sl ightly 
above the yellow sandstone" according to the label ac
companying a sample in the museum collection of the 
Palaeontological Department in Lund. There is still a 
sequence of ca.  5 metres immediately above the yellow 
sandstone which has not been analysed biostratigraphi
cally, so there remains a theoretical possibility that these 
beds could be of pre-Downtonian age. However, ' the 
uniform Iithology of the beds makes it like!y that they 
represent one sedimentological cyde. A detailed study of 
the palaeocope ostracode fauna of this leve! in the cores 
of Bjarsjolagårdborrningen  2 and Klintabo'rrningen l 

will probably clarify their age. 
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The museum sample from Klinta mentioned earlier 
has good specimens of the ostracode FrostieIla groen val
liana, thus this sample can be given a definitive age . This 
ostracode has also been found in severai samples from 
the Skartofta area, in material collected from outcrop 
and analysed for conodonts by Jeppsson ( 1 974 : 50 ) .  
These Skartofta localities and V rangelsborg l near 
Klinta probably exhibit the . Iowest levels available now 
within unit 3. All are characterized by FrostieIla groenval
liana. The tentaculitid fauna is prolific and contains 
Lonehidium groenwalli, L. mobergi, Tentaeulites sealaris, and 
Odessites lebiensis. These species continue up  into the red 
beds which form the top of unit3 and the whole of unit 4 .  
In  the top of unit 3 ,  a fifth species, Tentaeulites loxus, 
occurs sparsely. This species is obviously rather restricted 
vertically and has only been found at two localities ,  
Ramsåsa 3 and 1 0 , probably in be ds dose in age . Odessites 
lebiensis is the most common species, followed by 
Lonehidium groenwalli. 

The occurrence of Odessites lebiensis in the upper two 
units of the Oved-Ramsåsa Beds provides a good correla
tion of these beds with horizons in the Podlasian sequ
ence of northern Poland . There ,  O. lebiensis is restricted 
to a level in the basal division of the Podlasie Beds as 
defined on ostracode and tri lo bite evidence (Zagora 
1 972 ) ,  i .e .  the zone of Neobeyriehia incerta and Aeastella 

prima (Tomczykowa & Witwicka 1 974 ) .  Lonehidium 
mobergi may occur in this zone (described as Tentaculites 
sehlotheimi by Hajiasz 1 974 : 470-47 1 ,  Pl .  6 :  3 )  and would 
corroborate the correlation.  Better evidence for this 
correlation, using palaeocope ostracodes, was given by 
Martinsson ( 1 964 , 1 967) .  

From various levels in the  four zones above the basal 
zone in Pol and (Tomczykowa & Witwicka 1 974 ) ,  six 
tentaculitid species have been reported (Hajtasz 1 974) .  
However, the identification of at  least two, "Tentaeulites 
sehlotheimi Koken" and "Tentaeulites tenuis Sowerby", must 
be seriously questioned. The former name was assigned 
to a Devonian species, but inadequately described ,  by 
Koken ( 1 889) ,  the latter species was described from a 
level low in the Ludlovian of Great Britain ,  again incom
pletely and on poorly preserved material (Sowerby 1 839 ) .  
The  association of Tentaculites sealaris von  Schlotheim and 
Lonehidium inaequale d'Eichwald in the upper Podlasian 
fits with their occurrence in the Ohesaare Beds in Estonia , 
especially as there they are commonly associated with 
Nodibeyriehia tubereulata. As was mentioned previously, 
the N. tubereulata - Tentaeulites sealaris association can be 
proved from the Swedish part of the Baltic Sea to� , i .e .  at 
Hoburgs Bank. 

It  is evident that further examination of the 
tentaculitid faunas from the post-Ludlovian of the Baltic 
area may enable use of these fossils for stratigraphy. That 
tentaculitids may be useful  to define the Silurian-Devo
nian boundary is indicated by the occurrence in Poland 
(Hajiasz 1 974) of different species around this interval . 
However, thorough revision of the younger faunas de
scribed previously (d'Eichwald 1 860,  Ljashenko 1 958 and 
Hajiasz 1 968 , 1 974) is necessary to satisfy modern de
mands on descriptions and illustrations .  

Summary 
The morphology, taxonomy, ecology and stratigraphical 
value of the Silurian tentaculitid faunas of Gotland and 
Scania have been examined. On Gotland, material comes 
from 395 localities, in Scania, from 32 localities .  I t  derives 
from different lithologies representing various 
sedimentary environments. Severai tens of thousands of 
tentaculitid specimens have been examined. Most of 
them exhibit excellently preserved morphological 
characters which have been revealed by extensive use of 
scanning electron microscopy (SEM) .  

In order to describe the morphology of the 
tentaculitids ,  special terms have been introduced,  most of 
which are new to work on tentaculitids. 

Based on a detailed study of the ex terna I and internal 
morphology of the tentaculitids ,  a number of new taxa 
have been established. One new family is  introduced , 
Gotlandellitidae, represented by a new genus, Gotlandel
lit es. G. areolatus n. sp .  and G. visbyensis n. sp .  are the on ly 
species, the latter bering the type species. The rest of the 
fauna is represented by four families, three of which are 
considered in this paper, i .e .  Tentaculitidae Walcott, 
Volynitidae Ljashenko, and Rossiitidae Ljashenko. The 
fourth family, Uniconidae Ljashenko, cannot be elabo
rated at present because of unfavourable preservation of 
the material available. 

The family Tentaculitidae is represented by four gen
era, one of which is  new, and thirteen species, twelve of 
which are new . These indude:  
Tentaeulites gothemensis n .  sp . ,  T. hisingeri n .  sp . ,  T. limatulus 
n. sp . ,  T. liquis n. sp . ,  T. loxus n. sp . ,  T. obstipus n. sp . ,  T. 
sealaris von Sch 10th eim ; Seretites ? eataraetae n. sp . ,  S. ? exilis 
n. sp. , S. ?  versabilis n. sp . ; Turmalitesfollingboensis n. sp . , T. 
slitiensis n. sp. ;  Traetabilopsis serratUs gen .  et sp .  nov. 
Volynitidae is represented by Lonehidium extensum n .  sp . , 
L. groenwalli n. sp . ,  L. groetlingboense n .  sp . , L. ineilense n .  
sp . ,  L. mobergi n .  sp . ,  L. ogmotum n .  sp . ,  L. seanicum, L .  
umidestre n .  sp . ; Odessites geretiensis n .  sp . , o. inflatus n .  sp . , 
O. lauensis n .  sp . , O. lebiensis (Zagora) ,  o. majstriensis n .  sp . , 
o. petilus n. sp . , o. portensis n .  sp . ,  o. prolatus n. sp . ; 
Podolites hedei n. sp . , P. paeninsulicola n .  sp . , P. ternatus n .  
sp . ;  Volynites muldiensis n .  sp . ,  V.  sealpratus n .  sp .  Rossiitidae 
is represented by Dierieoeonus acutalis n. sp . , D. aemulus n. 
sp. , D. clintianus n .  sp. ,  D. eracens n .  sp . ,  D. gutnieus n .  sp . , 
D. svarvariensis n. sp. ,  D. tenuissimus (Hede) ,  D. valliensis n .  
sp .  

The tentaculitids examined occur in lithologies laid 
down in various environments, but with a preference for 
muddy soft bottoms with low to moderate wave and 
current action .  Reef environments and substrates of 
coarse detrital material were less favourable to 
tentaculitid populations. The bathymetry of the seas in 
which tentaculitids lived was of major importance to their 
distribution .  Thus, maximum abundance is in  upper 
shelf environments, indicated by the nature of the as
sociated fauna and sedimentological features .  Environ
ments in which graptolitic shales forrned were avoided by 
the tentaculitids. 

B lind's ( 1 969, 1 970 )  theory that tentaculitids were 
benthic during their adult growth stage and lived in-



serted partly into the substrate in a vertical, apex-down 
position finds support from detailed examination of the 
conch morphology, ultrastructure, and the mode of 
occurrence of epizoans. This examination also indicates 
that tentaculitids were suspension feeders. Some conclu
sions drawn could be used to d iscuss zoological affinity .  
However, no attempt is made to  launch a new proposal in 
this matter; much remains to be done before their 
position within the animal kingdom can be c1arified . It 
may be concluded, though, that they did not belong to 
the molluscs, which has been one major hypothesis for 
more than a century. Morphological characters and 
ecological features of the tentaculitids suggest an affinity 
to lophophorates, i .e .  bryozoans, brachiopods and 
phoronids. Vet there are important morphological dif
ferences from these phyla. 

One pur pose of this study has been to establish the 
stratigraphical value of thick-walled tentaculitoids and 
this has been achieved. The Silurian tentaculitids of 
Gotland and Scania described here have vertical distribu
tions in which the various speeies have short ranges .  
Thus, their stratigraphical properties may be compared 
with e .g .  palaeocope ostracodes ,  chitinozoans and cono
donts. In  addition, the horizontal distribution is good and 
the tentaculitids occur in different facies realrns. This 
enables correlation of contemporaneous strata of differ
ent lithologies. A good correlation may be made between 
the tentaculitid faunas of Gotland and Scania. It is 
possible to support the correlations produced from 
studies of palaeocope ostracodes and conodonts. Few 
comparisons have been made with faunas from other 
areas, but those faunas examined and available in l itera
ture indicate that tentaculitids are useful  for intrabasinal 
correlation . Their small size and of ten high abundance 
make them valuable for biostratigraphical analyses of 
core material. 

No formal tentaculitid zonation is given he re because , 
first, faunas from other areas than Sweden must be 
checked and the L1andoverian tentaculitids must be 
studied. However, it is c1ear that such a zonation within 
the Balto-Scandian area can be established. 
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Appendix : Locality list 

[With regard to  the  use  of miniprint in Fossils and Strata, see the  inside of the  back cover.] 
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SD & �O. C<lolo,icII .. p Ihen A. 171 K.ppe Jah ..... 
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c u l i t i d . :  A I Urnatwø' . p  . •  [)icl'icooonua cli"tia
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b l u i oh-greY llarl and denn • •  rRi l l .ceou. l i..,otone . 
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poroid •• MS 82 7 ,  Rloq hntacul i t i .! . ,  None 
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inter .. c t i o n .  c • .  I S O  Ol E o f  t"" eutern...,. t  hou�e a< 
IIot . . .  

Kti"""'berg Beds. K l inleb�rg M.d . Y a l l owi lh-gr�y 
to grey . .. r i  .nd u r l s tone "ith t h i n  beds o f  fin� 
B r a i ne d  l i  .. ltone. G 74-32 K L .  C H-4 K L .  Tent.cu l i 
t i d l :  [)icl'ioooo"ua """",l"". 

BOTES 2. 6 3 5 5 3 0  1 6 � 1 80 (CJ 3880 5 3 9 5 ) . ca. 550 . Nil of 
GerUDI ehurc h .  TopoKU p h i c . l  .... p shUt 6J Roma S v .  
c..o l o g i c . l  .. p ohe e t  ,o.a 1 6 4  HellO�. 

Oitch e_po.ur� i ...... d i t t e l y  N o f  tho. road . ca. no Il 
E o f  tlle UHe rn"",.t houu a t  8<>t . . .  TM 1 0 c . l i t y  io 
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"" l l  f i d d  ro.d fr"", the ..oi" 

Kti"ub."O Beds . K l inl�b.rg Ma r i .  Y e l l o  .. i.h-grry 
to guy . ... r l .nd .... r l a tone .. i t h t h i n bed. of f i ne 
grained l iTø s t o n e .  MS 8 9 9 .  C 75-5 KL. Tentacu h t l d l :  
[)iel'i""co�"" oo"", t"",. 

8OTVALOVIK l. 638848 167920 (CJ 6863 8�93) . el. 4 l 7 �  .. 
ENE o f C.oth"", church . Topoguph i c a l  .. ap .heet 6J Roma 
NV & NO . Geo l o g i c . l  lMp .hce' ,o.a 1 (o 9 S l i ' e .  

o f  ��;�: l
����

:ure a t  t h e  ncrthcm p i e r  o f  , h �  harbour 

Refe""nee poi � t :  The ... at�rnOlO5t end o f  the nonh
rrn p . � r .  

KtintRm.1"J IJ.dB . un i t b . l n t a c c a l a t ionl o f  
bro""i.h-grey "arl  i n y e l lo"i.h-groy,  . I igh t l y oo l i t i c  
l i  ..... ton�. M S  896 . G 7 2 - 1 0 2  K L .  Tentac u l i , i d . :  Poda
liw" t�"",tU8? G�n . et s p .  i n d u .  

Refe".mæ8 : H e d e  1 9 2 8 .  p .  5 8 ,  l i n n  7 - 1 �  (contain. 
lilt  o f  f a S l i h ) .  

WTVIDE l ,  Hemse Bede. HelOu Mar I .  uppenoosc part . 
Light b(o"" i .h-SUY Olarl and t h i n l y  l a . i n a t e d .  
o l i gh t ly . i l ty ,  c . l eHeou5 .. u d s t o n e .  � 8 7 .  9 6 . 1 0 8 .  
2 1 8 ,  2 1 9 ,  2 86 .  G 7 2 - � 1  K L .  G o t  7 6 - 1 9  S 8 .  T e n , a c u l  i 
t i d l :  OdeasiU. i"f/.<Jt"". 

EM Ikds, l""e rrno l t  p a n .  l n t e r o a l a t ions of l i ght 
brovni.h-grey .. arl i n  f i ne gcain�d l i m .. tone rich i n  
c r i n o i d .  aod s t r"",atoporo i d s .  I1S 6 6 3 .  T�"t.cul i , i d s :  
Ilone . 

BAAJDAURSVIK l .  6 4 2 2 � 5  1 6 9883 (CK 9 1 1 2  1 7 3 n .  c a .  
4000 . .  SSE o f  F l r d  church.  Topog(aph i c o l  •• p .h��t 
7J fhol"nd 50 & NO. Geo l n g i c a l  _p .heet A� 180 
fho. 

Shore oection on the northern 5hor� o f  Brajdauu

�
!
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a .  1 � 2 S  Il f. o f  the niangu l a t ion p o i n t  1 7 . 9  I l  

S l i t.o Beds . S l i t e Ma r i .  Rro"nilh- and b l u i lh-grey 
" a r l l tone.  lInn"",beced SCU ulOp h .  hntacul i t i d � '  
Oicl'ioooonua aautG/i". 

bot::��""n"e, : Hedc 1 9 1 6 .  p. 29. l i nu 8-9 from th� 

BR1NcrS 2 . 6 3 2 2 5 1 1 6 5 5 9 6  (CJ 4D45 209 S ) .  ca. 4625 .. 
NE of HalDU church.  Topograph i c a l  NP oheet 51 Ho
burg�n SO � 5J He .... SV. Geo l o g i c a l  ... p .""et ,o.a ! S l  
Bucsovi ' .  

�'e l l .  �o Ol ;:NE o f  the oharp bend i n  t h e  road . 
500 111 ESE o f  the hou." H B r i ngu . 

l i�a;;:���
'

6����!�::�:�r t7:;� �:�e 
acg i l l aeeou. 

BROA I, Slite Bede . Ry . .  nil .. Limestone.  l n u r c a l a 
, i ono of bro"", i s h-srey .. � r l  i n  C03ue g u i n . d  l i  . . .  -

;��;:C: ;?� i!: :
c
���: �

dl .nd s t r"",atoporoid •. MS 4 4 7 .  

ØROTIlASKKRbKEN l ,  H�"",� B�ds. l1l i d d l �-uppc c pa r ' .  
l n t � r " . l a , ionl o f  bro"",.h-grey lIa r l  i n  _ d i ""  �uin.d 
l i_ a ton. rich in o t r""",tOl""ro i d s .  KS 8 5 9 .  T�ntac u l i 
t i d l :  �one. 

BURCATAN l, 63�926 1 ( 5 5 ) 2  (CJ 4 1 84 4 1 60 ) .  ca. 1 1 50 . 
�Nf o f  H�,""" � h u rc h .  Topo�Tlph i c . 1  .... p .t>e o t  S I  �:!U�!:���o , 5J H" ... e N V .  eeolog i c a l  lIap o M e n  " a  

O i t c '  s " c t , on a l ong f i e l d  ro.d • •  t l r t in� a t  , h e  ml 
end of �urK.t.n , He ... �, c ... 260 .. Nil of ,he .... 3 ' � C  
to""r • •  nd � o n t i n u i o g  c a .  no ., to .. ard. t h  �\1 alon� 
th� $11  edge c f  lh� "ood . 

Refe".""", poi � t :  Sr. �nd o f  d i t o h .  
H"roe Sedn .  Hell • •  Ma r i .  L i g h t  b l u i ��.-grey "" " c l  3nd 

a r R i l laceo". l i _Hon� . Got /10-42 S�. Tent.c .... l i t i d . ·  
Diel'ilXN'o""" " "  . ..  t"". D. U"Ui68i""..,. . 

BlIRCEN I .  B�"Jø�i� Bpde . upper pa r , .  l n t e rc. t . t  inns of 
y� l l  ..... i . h-grey 1I3rl bet .. H n  c r i n o i d a l  i _ s t ot>. and 
fiM � u i n . d .  oo l i t i c  l L m" " , o n ,, .  MS 681 Tenuc u l i 
t i d . :  Tp�ta"" ritpl< "" a t ip"', . 

aURGn; lo. ih>M"" Sed" . He", •• Ma r i .  oouthultern p a r t .  
L i ght K r H ll i .h-grey .... r l  and c a l careous . ..  i I t  Y ",ud
" one . C 74-24 K L .  -2� Kl.. T e n t a c u l  i t  i d _ :  O<l",,,$;r...,, 
i�fl.at"s • .,..,,,t(l(,,, li tc� l . p .  

t·k,,, ile d. . ,  1 , .... p rnY> s t  pu' . 6 r ","' .  fine g u in�d 
a r g i l l aceou •• s l i gh t l y  . ' l , y l i _ . , ,,,,e Got 710 - 2 1 .  
- 2 2 .  - 3 0 .  a l l  S B .  Tent.c u l i t ' d a :  A 1 U'rnatu.," p . •  
OdeBGius "ro/Gtua. C�n .  e t  . p .  ' n de , .  
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BURC€N 1. BUr<J8>'ik Beds . uppenoo't p a r t .  Browni.h
grey ",a r I .  l. 5 '" b� lo" the BurR.vi �-Ha,.ra bound a � y .  
G 7 4 - 6 6  KL.  Tent3cul i t i d s :  A t t"rnatuII? l p  . •  Odeesitee 
POI'U""i8. tp>.ta�.,.lit<!8 obBtipl'8. 

BURCEN 8 .  63�840 16685/ (CJ S498 4 5 80 ) .  ca. 5525 .. 
ESE o f  Bur< churc h .  T"po�ra p h i c a l  ",ap .l>eet SI Ko��!�:�: & 5J HelDse � V .  Geol o g ' c a l  ",ap ohe", ,o.a 1 %  
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�E o f  the f i  rst. cro." ra�d. north o f  !fe"..., r .  

&rC;B�ik, Bcdn . i'e l 1 o  .. i . M-�rey 0 0 1  i t ie l i "e s t o n e .  
C 7 2 - 7 9  K L .  T�ntacul i < i d , '  Gen. e l  . p .  i n d� t .  

BURCE� q .  1 >l� R l t  1 ( 6 7 ) 1  ( C.l  '; 3 7 8  4 � 80) . ca IoS00 '" f-S�: 
of Bu .. church . T"poRraph i c .1 1  "'-'p o"eet 'il Hohur�en 
NO & Sl He .... �V. G e o l ,, � i c � 1  ""'p .heH M I S� R",,�-

Abandoned quany i ..... d i t t e l y  S o f  t h �  rOld . c • •  

1 1 0 . E o f  th� t < i .n , u h t i o n  poine a r  �urge n .  
Bu'V ... ..:k Beds. Interca l a t i ons o f  y � l l o  .. i .h-srey 

..rl i n  ye l l""i.h-gcey o o l i t i c  U _ l t o n e .  C 72-80 KL, 
- 8 1  K L .  C 7 3 -5 ) I(L. Tentacul i t i d . ,  H te,.,.,atu, l . p  • • 
Ta�taouli tu 'l',tipuø. 

R.f" 1'>8_" !fede 1 9 2 � b ,  p. 32. lin . .  1 1 - 1 2 .  b o t eo", 
fiv� l i n n .  p .  33, l in . .  1 - 1 8  (conuin. l i l t  o f  
fo . .  i l s ) ; M.nten I 9 7 1 , p .  406 . F i S .  2 1 0 .  

'URCSVIKBORRNINC<:� l .  6 3 2 5 2 4  16/'986 (CJ 345S 2 10 1 2 ) .  
C l .  l n 5  Il WSW o f  Il j l  ehucch. Toposraphic.l • •  p .hut 
I 1  Hobur,�n NO & 5J H� ... N V .  Geo l o , i c . l  .ap .hen A. 
152 Burglvik 

aonho l �  . i tult�d 50 . 
ml 

o f  t h e  road Ind 1 1 5  • 
[NE o f  the wind .. i l l  SW o f  �urgav i k .  The borehol e  "&I 
d r i l l e d  i n  1 9 \ 5  to a toUI d�pth o f  1 2 8 . 6 8  Ol .  The 
, l evation o f  the "e l i  head "at 8 . 2 5 11 .bove ... 8 l e ve l .  

H."",. Ends. H e  ... "' r i .  Light grey , . I i g h t l y  
.. i c,c.o" • •  l i l ty and c a l c.reo" • •  h . l e  .. i t h t h i n beds 
of denu . f i ne Kuined l i  .... atone.  6 3 . 50 - 1 2 8 . 6 3 .  
hnt.cul i t i d a :  DiCr-iCOcon"8 t,,"ILi,øirm.ø. 

Ek. &ds . � I u i ah-gtey. I l i S h t l y  l i l ty .nd .. icaceou. 
.. r i  .nd u g i U .c.ou. l i  .... tone " i t h  alSu. 4 9 . 6D-
6 3 . 5 0  • .  Tentac"l i t i d a :  1I0n". 

&'Vø>'ik 8.ds . �n.e . g r e y .  a l i gh t l y c . l c a reaul . 
.icaceou. ,"udI tone;  gr.y • •  i CI"OCUS , .... rly .. n d I t o n e ;  
..t> i t i sh-grey, c . l c . r�ou. undaton� ; l i ght gr�y ool i t e  
. n d  oo l i t i c  l i_none . 2 . 18-4 9 . 60 • •  T�ntlcu l i t i d o :  f�:�:U' porte",iø. TI/�taau!it.ø hisingel"i. T. o p .  

H<11'U'Q, B e ds .  D e n  . .  , b l u i oh-grey, f i n e  g r a i n e d  l i "",,
Hone and .rgi l l aceoul l i""'otone r i c h  i n  I l g u .  
1 . 0- 2 . 38 .. .  TeM.cul i t i d . :  Te"ta""tites hi"ingel"i. 

Ref�,..,nceø: Munthe 1 9 1 5 ,  p .  )lo6;  Hede 1 9 l 9 c .  pp. 
\-�9 (give. full l i th o l o � i c a \  and hunal l o g_ l ;  Hede 
1 9 2 1 .  p .  61, l inn l (o - l S . Fig. 1 0  ( p r o f i \ e ) ;  Munthe 
1 9 2 1 b .  p .  2 0 .  bo"o. ten 1 in ... p .  21. l i n u  l-J. F i � .  
1 5 ,  F i g .  1 6  ( p ro f i l �  o f  the boreho l e )  , p .  B .  l i n". 
1-1 S ; Hadding l 9 1 9 , p .  189; Hede 1 9 4 2 , p p .  2 1 - 2 2 ;  
!tanten I 9 7 1 , p .  3 9 1 .  p .  J 9 1 (Tab le XX) ; Laufe l d I 9 7 4 a ,  
p .  1 6 1 ;  l. a r u o n  1 9 7 5 ,  p .  \ 3 ) .  

!USKE 1 . L�r Vi8bl/ Beds . t o p . L i gh t 8reen i s h-grey 
.... rl and .rgi l l .ceou. I i  .... ltone . I1S 192. 343. C 710-54 
K L .  Tentacul i t i d a :  S • ...,ti u" ?  .:ri l i " .  

O A P P S  l ,  Ml< l <k  Bede . u p p e r  p a n .  Br""" i lh- a n d  
&cor.eni.h-gcey ... c l  and d�nae . a c g i  l l aceous I i""" ' t o n e .  
KS 2 6 7 .  2 7 3 .  2 9 5 ,  JO l .  l i D .  3 9 9 . 400 . 4 0 1 .  T�nuc " l i 
t i d s :  A I tel'1<l"""� . p  . •  Voll/"ite8 "",lai"".i,. 

OAPPS 2. Mu /. <k  BIIds. upper p a r t . Hro"" i . h-gHY l1arl 
and arg i l l aceous l i_ l t o n � .  C 7 4 - 7 1  KL.  T�nUc u l i t l d . ,  
A l u,.,.,aeu,? o p  . •  Vo lll"i t"8 "",ldi""8ie. 

OAVlot: I, 6)46�1 1 6 � 7 1 2  (CJ 4�02 4466 ) .  c • .  1 7 50 .. lill 
o f  Rone church. Topogclph i c a l  ... p sh .... S I Hobucgen 
NO & 5J He .. u li V .  C,o l o g i c . l  ..op sheet ,o.a 1 6 4  He11lle .  

O i t c h  e�posure i _ d i l t � l y  il E  o f  t h e  ro.d . c a .  50 . 
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!�"'" d u in.ge d i t c h  �xcavat ion, 

He"",. Bedø. He",se "'cl . southeut«n part.  Light 
b l u i .h-grey .. n i  and IIHhtone.  Tentacul i t i d o :  Di eri 
"""""1<8 te"Ui"8i""", . 0""""it88 i"f!atua. 

DUJARS I .  6J8Io4J 1 6 6 1 1 2  (CJ 565( 8 1 7 8 ) . ca. 5 1 5 1O SSE 
of Hoc.n� church.  Topognph i c a l  ,.ap .hut 6J Ro.a NV & 
�O. eeo l o g i c . l  .ap .hu' A. 169 S l i t e .  

Sha l l o  .. o e c t i on i n  , h e  lovec p a r <  o f  tM I l op e .  
1 2 5 10 N m i  o f  the 3-"ay j u n e t i o n a t  O i b j h  • •  c • .  6 0 10 
�E of th� ro.d to HiSrsne . 

Kli"t.be,." Bed • •  un i t  a .  S l u i oh-grey .... l stone 
.nd �r8i l l ,c�o,, " .  oeclsiona l l y  aren.ce""o l i "", o tone . 
Unnwah<!red SClI ..... p l u .  T�ntacu l i t i d s :  Pode liws 
h"dei. T,,,ta,,,, litl/' got;},e",.,>Uli". 

OJAlIPV1KSUDDEN l. 11_" Beds , unit I> Bro""i.h-�cey 
,""cl and I ight �reen i l h- .nd bco,,"i _h-gre y .  fine 
g " i ned l i  .... s ton� MS 9!.  174.  \ 6 0 ,  2 0 2 .  203,  205. 
8 5 2 .  T�n t a c u l  i t i d s ,  Podn li te8 pae"i�øulico!a. 

H,,""'e BIlda. un i ,  " Grey. dense , �rgi l l aoeoul 
l i_ a tone . St (unnu.bered . .  mp l e l ) . Tent�cul i t i d o :  
Podoliwø lutdd. P. paJ!"in8�tico1.a. 

ruUP V I K  l. t/ukl" Sed8 . lo"ec p a r t .  a l u i .h-�cey .. arl 
aod den •• • ngi l lacenu. l i  .... cone . Tentac"l i t i d . '  
A l ternatu8 ' 5 p  • • lJier-ioo"""u8 C"""""a. Voly�i ...., ø  
_k1i,,,aia ' .  

MAKA R VE  l .  1/..,.,8e Beds. H e  •• e Mar I ,  uppe rtllo . t  p � r t . 
Cceeni.h-gr�y.  C & l car�ou. , 51 i g h t l y  a i  It Y ,"ud a tone . 
C 1 S-24 KL , Tentac u l i t i d s :  Dieri"",C07U<s t,m�iøBi-

f.JVIOE l. 6 3 5 3 4 0  1 6 3849 (CJ H J 6  5JOI) . c'. 4 100 .. 11 
of n." ehu«h. T"po"raph i c . l !Up .heH 6 I V i l b y  5 0 .  
c.. o l o g i c l l  .. p o h e u  ,o.a 1 6 4  He • .., .  

Oi cch exc.va t i on i ..... d i a  . .  l y Sli o f  the ro.d . c • .  
i S O . N\I o f  t .... e r o l l  road. ml o [  A j v i d e .  

Mulde Beda. C r e e n i  . h - g r e y  m.rl a n d  .rgi I l ac�ouo 
l i _ "one . MS 176, 890.  C 7 3- 7 S  KL. Tenta�u l ; t i d . :  

A ! te"",t�ø ' . p .  

E k E  I .  Ek.a Sede. fI;dd l �  p . n .  I n t e r c , l a t i on. o f  
bco""i.h-grey .... r l  ;n . l i g h ' l y o i l t y and arB i l 
I I c < ou l l i ""' s tone . l1S 1 J 5 . T.n,.c u l i t i d . , None . 

ENlIOLKEN l. sti te B.dø, un i ,  !I. l n ' H c a l a t i o n s  of 
l i R h t  greeni.h-o;rey IUrl i n  den .. I i ... 5 t ""� very ���: . in a t ro .. toporoid •• MS 84 1 .  T.n,acul i t i d o :  

ESKE l ,  HemM Bedø. He •• � Mlr l .  north"e s t e c n  p . r t . 
Light b l u i l h-grey .... rl 3nd .. , r I s tone • MS 1 6 1 . 2 � 2 .  
Ten t . c  .... l i t i d . :  Oicl"icoc""�,, """", l"s 

F�CELlIA1flAR l. H_" Sedø. upper pac t .  Poch t .  o f  
gr�eni .h-�c�y marI  i n  den.� l i "",,,one c i c h  in 
I t rOliatoporo i d s .  MS 8H. T�ntac u l i t id � :  ilDn e .  

fAKLE l .  11..,.,88 Bede. u n i t  c .  I n ' e r c. l a c i on .  o f  l i ght 
bco"n i oh-grey , u r l  i n  finc g r a i ned l i _ atone rich 
i n s t r"",atoporo i d 5 .  I'IS 1 3 9 ,  1 4 9 , 2 9 7 .  C 74-29 KL.  
Ten cac"l  i t i d . :  A t ternat"8 ' .�.  

FALUDDEN l.  S�rnir<1 BIlda. lo"er pan . l n t e rc a l a t i on s  
of brovni.h-gcey .. n i  in f i ne R .. i n � d  l i _ H ane r i e h  
in s t roma'opnroid o .  G 7]-25 KL. Ten,acul i t i d s : Cen . 
" ' s p .  i nde t .  

FARi:! KY�KA 2 .  6 4 2 5 8 1  1 6 9 7 4 4  ( C K  �96 1 2O / S ) . c a .  3 1 5  lO 
Sr, o f  flro churc � .  TopoR raphical  11Iap oheU 1J fårQsund 
50 ! NO. c..o l o j( i c a l  .. ap .heet A� 1110 f 3 r o .  

S h o r e  expooure H m  E o f  the .m� l l  r O A d  to \'erke
gud •• 1 � 0  .. SSII o f  th north�rn1llO o t  crou-roads a '  
F.h3 ch .... rch . 

Slit" Sedn. S l i c" i'la d .  Browni .h-guy mari _nd 
argi l l _ceou. l i_ s t one . C 7 ]- 1 1  n .  C ] 5 - 1 3 KL.  Ten
( a < " I ; ,  i d " ,  Tu"",Ut66 fot[{�,!I'oe"si8 

RefeN�<:e 8 :  llede 1 9 ] 6 .  p. 30. be t t o", fourtun 
l i n u .  p. l i .  l i ne s  1-6 ( c o n u i n .  l i s t  o f  fo . .  i l s ) .  

F��(j SKOLA l .  Slit" Beds. S l i t e Kor l .  Ccuni .h-grey 
", u l  and arKi l l>oceous l i_ s t o n e .  i'lS 1 2 , 1 1 4 . 1 4 7 .  
1 8 � .  262 . C 7)-94 K L .  T�ntacul i c  id s :  A l tel"i>lt�" ' sp . ,  
Tu"""' l i u 8  folli>1flboenBi8. T .  di tie".i". 

F1E l. Het'!tle Beda . He .. oe �brl • •  outhe a . t e rn par ' .  
Intero. l a t i on a  o f  Ilce"ni .h-grey m.rI i n  den • • •  ar�i  1 -
laceou. l i ""' " , one M S  7 6 .  236 . Trn 'acul i , i d $ :  Odeg"i
tM i�f1.atl<8. 

fJAROI�CE l, KlinwNrc; &>dø . un i c " l. i�ht � n e y i 5 h 
b r o ""  ,"H l and ar�i l l ac e o u . ,  I l i � h t l y  o i  I t  y l ime
ston" . MS 7 7 7 .  878. C 73-62 KL.  C 74-60 KL Tcntacu l i 
, i d . :  A l t,"..,ot"" • • p . •  Te"ta""lites (Jotl:te, ... ",,,i,, ? 

fOLLI�JO I. SUta Bad,. S l i t e  Mar I .  north" . .  ternOlOIt 
par t .  ttowniah-arey •• c l  Ind ar,i l l ",.o". l i_ a t"" • • 
MS 1 8 ,  20, 4 7 .  98, 2 4 4 ,  2 6 0 .  2 6 8 ,  3 1 9 ,  3 2 1 . � 1 6 .  4 1 9 .  
4 3 5 .  hntacu l i t i d . ,  Dieri"""""". oU"tianWl. D. gut
"i"" •• SOT,..,ti t", ? vcr.abUiø. rw-:.Utaø fo l ti>t(J
bOII".i,. T • • ti ti"".i • •  

POLLl�BO 2 ,  Stit.t li e ds ,  S l i te Har l .  n o « h  ... . t . r....., . .  
par t .  Br"' .... i .h-IC.y •• r I  and .r,i l heeou. l i _ a t""e . 
MS 1 5 ,  306 . 4 2 0 .  Tent.cu l i t l d . ,  Oicri OOO<mJ<ø "U"ti<r
""', D.  guPli"" •• s.,,..,ti u. ' .,.,..abi ti •• TkJootatit.ø 
fo l t i>t(Jboe",i ø . 

FOLLtNCBO 3, Slit, Bed". S l i te Ha r l .  northTJeat ........ .r 
p a r t .  Bro""i .h-grey .. a r l and f i ne g u i n . d . a r s i l 
h c a o u .  l i  ... a tone . � 4 1 1 , 4 8 5 , 5 6 2 .  Tent.cul i t i d . :  
A l t.rnat�. ? . p p  • •  {)iCr"iCOCOl1u. <1Cl<taZi •• D .  "U"ti<r
nu •• D. gut»icua. l'I<roIIaUr.u fo H i>t(Jl>o."øi •• T • • ti
ti."øiø. 

FOLLlNCBO 4. S l i t. EJ.da . unit (J. Lisht gra y .  d .. n .. 
l i . s tone. C 72-16 K L .  Tentac u l i t id a :  None . 

FOLLl�CBn 5. S l i t. Beda. S l i te !'\lor i .  north"".ucnllOat 
part . Y e l l""i.h- t o  bcowt\i.h-�rey .. r i  .nd a r � i l 
l aceou. I i _ a ton� . C 7 2 - 39 KL.  Tentao u l i t i d o :  [)iC1l"ioo
co,,"" :J�t"i""". T�""",lit.a fotti'l'}bOll ... iø, 7'. 8 liti-
I ... i • .  

FOLL1IICBO 6 .  S U t. B.dB .  S l i t .  /\a r i .  north"UtecnllO", 
Plrt. Ye l l o  .. i.h- t o  brownilh-�r.y •• r l  and a r K i l 
l .ceoul l i  .... s tone . C 7 3- 1 ,  - 2 .  - 3 .  a l l  K L .  Tenta
c u l i t i d l : None. 

FOLLISC80 I .  S t i u  En dø .  S l i te Moo r l .  north""atecn""'lt 
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G o c  7 4 - 2 8  S B .  Tentacu l i t i d . :  A l tamatua, . p  • • [)icl'i
""""""" aut"ie"",. S.,.., tiU.l """'abitiø.  T"...., U t.8 
folli�gbOll ... i " .  

FOLLlNCB0 8 .  6 ) 8 1 S / l 6 B J 5  (CJ 4 2 8 1 86(0 ) ,  C l .  1 9 1 5  .. 
NIl o f  Fol l i nabo church. TopoKuph i c a l  .. p .heet 6J 
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O '  Gool o g i c . l  II'P shut ,o.a 1 8 3  V i . b y  , 
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i a t e I Y  ult o f  the road . Cl. 3 5 . 

Slire B.ds . S l i t e t1.o r l ,  north"estern""'at p . r t .  
Broomi.h- .nd b l u i .h-grey ... r l and denae lr&i l l .c.ou' 
li .... atone. C H - ) I  � l .  Tent. c u l i t i d . ,  l>iericoOCl'lW! 
g�t"i""". 1U"""'li tcll foHi>IIJboe�iø 

FOLLINC80 9, 6 3 8 7 � 6  1 6 5 10 0 1  (CJ 43�5 8 5 94 ) .  ca. SSO .. 
NNW of Fo l l i n�bo ch"re h .  Topoguph i c l l  •• p s h u t  6J 
�::':'��n

:
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O '  Geo l o g i c . l  MP sheet A. 1 8 3  V i . b y  A 

O i t c h o e c t , o n  ; _ d i l t e l y e .. t of the (o.d fro. 
Ro..,nd.l to Gerue, Cl. 250 SSII o f  ROllnd. 1 .  

S t i t<' &.dB . S l i t e  l1. r l . north .... eernOlO"' p a r t .  
Browt\i.h-gcey r u r l . tone I n d  .rgi l l .c�ou. l ille . t o n e .  
Unn,..b l r e d .  5CU c o l l � c , ion.  Tentaeu l i t i d . :  S.,.., tit"ø? 
Vfl r"abi ti • •  

fOLLlNCBO 1 0 .  6 38109 1 6 5 3 6 )  (CJ 4 30 5  8 5 5 0 ) . c • .  600 • 
W o f  Fo l l i ogbo churc h .  Topogclp h i c a l  ... �o .heu 6J 
�
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!
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O '  Clo l o K i c a l  IIIP sheet Aa 1 8 3  Vi .by & 

T�.pocary .xcava t i o n  for founda t i on. o f  a hou .. 
(_r.�d on the topogc.p h i c . l  ... p she e t ) .  1 2 5 . N of 
th. c r o u rold. i _ d i a ' e l y .outh o f the point 4 8 . ! .  

Slit. B.ds . S l i t e  Mad , nort m.. .. l t e rnllOot p . r t .  
Thin bed. o f bro"" i lh-grey .... l s tone lnd a r g i l l lcIOU" 
occ •• iona l l y  ar�n.c eou. , l i  ... lton� . UnnUOlb� .. d .  SCU 
cOl l .o t i "" .  T.nt.c u l i t i d s :  Se,.., ti t •• ? �",.,ab i l i 8 .  

Remark,8: Abund.nt . . .  t e r i . 1  fr.,. ,hr n c . v a c i o n  w u  
c o l l ec t e d  in 1 9 3 3  by J . E .  H " d � .  T h i .  lIa ' e r i a l  i .  now 
kept a t  the Ceo l o g i c . l  Surv�y o r  S .. � d e n .  

R"r.,..,,,,,,,e :  Hed� 1 9 4 0 .  p .  1'>0 .  l i n� 1 3 - p .  6 1 ,  l i ne s  
1-9 ( c o n t . i n o l i l t o f fou i l . ) .  

fOLLlNCBO I l .  6 38700 16Sl60 ( C J  10 2 9 9  8 � 4 2 ) .  c • .  6 2 �  ,. 
W of fol l ingbo chucch. TopoRroph i c a l  .. p Ih�et 6J R<>III& 

��n!a�
' c.,olng i c a l  ..... p Iheat A. 163 V i , b y  , Lu ... e-

Sha l l o" d i t c h o e c t i o n i _ d i a ' e l y ll o f the o l d co'd 
1 � 3 .  c'. 60 '" "Slol o f  point 4 8 . 8 .  

S l i u  /ledø . S l i t e Ma r i .  north .... s c . r"""" l t  part . 
Brown i.h- .nd y e l lowi .h-Ar.y lIa r l a ,on� .nd a r R i  1-
l aceo .. s li ... l t on� . UnnlDblred. SCU c o l l e e t i o n .  
Tentac u l i t i d . :  Sere t i t l1l 1  !HI1'8ahiU, . 

FO�SE l. K U" teb.'V Bedø. lo,,�r part . I n t e r c a l a 
t i on. o f  greLni oh-grey .. r l  i n denn l i  .... t o n e  rich 
i n  I t ro.a 'opocoid • •  MS 166 . Tentac u l i t i d l :  T""wCI<li
uø '}otl:temenøi. · .  

FRIGGARS I .  6 . 2 4 :> 0  169876 (U 91)B8 1 9 3 1 ) . c • .  2 2 5 0  .. 
SE o f  fh� church. Topograph i c . l  ... p Ih�et 7J rlrO ... nd 
SO & NO. c..ologi c . 1  .... p oheet .... 180 FlrO. 

C l i f f  n u i o n  C l  2 ) 0  to �NE o f  the "ind .. i I l  nonh 
o f ll._ e s .  

R6f.""�CII l .. " "  I :  T h .  boundacy bet"een t h e  S l i l �  
Mari  .nd Ry . .  n" Li_a t"oe . 

S l i u  Md.�. S l i t e  Mar i .  uppe ..., . .  p.rt Creeni.h
.nd bc",,,,, i oh-grey ,..rI .nd lrR i l l aceou. l i  ... ,,one.  
C 7 J- I ) K L . - 1 4 KL Ten"ou l i , i d. , A l te� eu8 1 ,p . •  
Di"l'ioo""""" CI�tnic..". T"""",lites fottin{Jboønaiø. 
T. , H tie""iø ' .  

Slit<! iJeds . RYllnliI L i ""' " , o n e .  [)enn, Krey t o  
greeniah-@rey l i""'ltone .. i t h ' h i n i n t nc a l a t ion. o f  
... r l .  C 1 3 - 1 5  � L .  T e n t a c u l  i t i d o :  None . 

R�f.rvm""ø' I!ed� 1 9 3 6 .  p .  3 1 .  l i n  . .  1 )-2 7 .  

FRbJEL 4 .  635944 1 6 4 )62 ( C J  J096 5870) . c • .  2 & 0  .. N o f  
Prijjel �hucch.  Topog u p h i c & l  . .  p I h U I  6 1  V i oby 5 0 .  
C e o l o K i c . l  " ' a p  .h�et Aa 1 6 4  He1!lle. 

Road oection i.-.d i t t e l y  E o f  the n�" coad . ca. 
l-O Il N o f  point 2 6 . 7 )  I l  fr3j � l .  The uction i a  C l .  
1 2 5 I1 long.  

and
R
��:�

�"" poi n t :  Thl i n t e r u e t i o n  o f  the po"" l i n .  

K / i " wbe"J !lede ,  l o " "  .... ost part . Bro""i .h-�r.y 
l1arl . Got 15-5 s a .  Tent.cul i t i d , :  Podc ti t"8 1:t.d6i? 
Podoliutl l p .  

fUR1 LDE� l .  6 4 1 09 9  1 6 9 0 3 6  ( C K  8 1 4 8  06S01 . C l .  5 S 6 0  • 
E o f  He l l vi church . Topogc.�h i c a l  .... p .he", /J Flr3-
.und SO & NO. Geo l o � i c . l  _p ,heet Aa 1 1 1  Kappel.hlllln .  

Sha l l o  .. d i t c h  expoourc � 2 5  lO NE o f  t h e  u l t e rnllOll 
point o f  the c.u.� .. ay t o  f .... r i  l d e n .  

Sli r... Seds . S l i t e  1'III r l .  Brown i .h-grey .... r l  . n d  
.rgi l l leeou. l i"""otone . C 74-52 K L . Tent.cu l i t i d l .  
A t t<!rn"tU8� I p  • •  [)icl'iooOO>!t..'l a"" tGti •• D. cUntia
" ..... D. :Jl<t"i""", . 

CALCIIERGET l. Tofta BIIds . l o  ... � r  p.et . Bro""i .h-grey 
.a r l .  0-5 c. abov. th" cder�nc" l e ve l .  I1S 4 4 9 .  
C / 2-106 K L .  P O C K U S  o f  browni.h-grey """rl H e", 
( C  7 2 - 4 7  Kl) . And 100 c,. ( C  7 2 - 1, 6  KL) above ,h� 
refe r�nce l e ve l .  TenUcul i t i ,] . :  None. 

GANOARVE l .  HGlla Ileds .  Gr.yi .h-brown .... r l  and a r g i l 
laceou . ,  f i n e  � r a i n e d  l i",e l < o n e .  �S 1 3 1 .  1 4 4 .  1 5 ) ,  
1 6 3 . 1 6 9 . 1 7 2 . 6 0 4 .  C 7 4 - 1 8 H . Tentacul i c i d l :  
A l tern"t�ø, . p  . •  Volll"i:-aø cf . ... ldi.�i" 

CANE l. Slit. B.ds . S l i t e Mlc l .  Bcown i lh-grey marl 
.nd HRi l l aceoul l i_ .. .  one . MS )2 3 .  �58. C 74-11 KL.  
- 1 2  K L .  Tencacu l i c i d o :  lJiel'i"",,,,,,w,, a""talis, D.  
a/.i�ti,:""". O. {J",e�i=. Serotitee? IJII rsabi/.iø, 
T�""" h t  •• folli"1lI>Ofl'ltli". 7. ø li ti"""is. 

CANf. 2. 6 3 9 6 7 7  1 6 7 346 (CJ 6 n 5  9 3 ( 3 ) .  c ' .  401� lO Sil 
o f  IIoge church . Topograph i c a l  .. ap lheet bJ Roma NV & 
NO_ c..o l o g i c a l ",ap "he e t Aa 1 6 9 S l i ' e .  

f o r  .... r r a i l  .. ay u c t i o n  a n d  d i t c h  l e c t i on ( d i t c h  "ot 
.a ��ed on the

. 
topoRcaph i c . 1  _p) . 0-3-0 Ol SE o f  the 

t c un�u h c  po,nt 2 2 . 1  a '  Cr.ut .. .  
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1 7 8  Kent Larsson 

KODUfCS �. 634800 16)683 (CJ un 4(29 ) ,  ca. 17H .. 
tSE u r  K ... u <hureh. TOPOIUphical ... p .","et H 110-
bur,an MV. GeololJicd .. p ,hue A. 164 1I ... u .  

Ditch uct ion i,..otdi.tely Il !  o f  the Iha..-p b.ond of 
til. road, Cl,  825 .. \/Sil o f  Lindv;de, 

�".. s. d. ,  H ..... Kad. louth ... tern part . Lifll\t 
Irunilh-,uy •• d and .r�il l.c,oul U_oton .. .  KS 732. 
Tentlcu l i t i d l :  0.:0"':""'0001'" t.,.,"" 'imwo. Odø •• i t,III 
i"fl.atu.. 

KODIHGS �. 634821 165686 (CJ 4]3.0 4(50 ) .  Cl, 1 8 2 5 ," 
! of He .... <hureh. TopolJraphical .. p ahau H Hoburlen 
NO . 5J H .... NV. GIIololical ... p ,hut A.a 164 He ... .  

Ditch .. ct ion n the Ihlrp blnd of tlMo ditch., Cl.  
7H .. 10'$11 o f  l.indvidl. 

Ha".". Bol d. ,  K .... K.orl ,  loutheuurn put. Lilht 
sreeni.h-" ey •• rI .nd Hii l t lcaoul l i  .... tone. tIS 7 2 6 .  
Tentac., l i t i d . ,  o,:"...:<X>OOI1"" t""..,:"i_. 

lOPPAl\SVlI( l , 639210 164712 (CJ 37S4 9095) , CI . 1 8 2 5 11 
Sil of Vi.by eathdral . TOPOIUphiul .. p .heet 6I 
vi.by N"O. <Ao l o,icd .. p .heet A.I. 183 vi.by • L ..... �
lund • •  

C l i f f  uetion in t h e  S! put o f  t h e  Ib.ndoned . .  r I  
p i t  (Ler,u,,*n) o f  the f o  .... r Vi .by C._n thbTik. c • •  
1 9 0  .. S of the o i l  etouS' tank. a t Flrj e l edln (no t 
.. erked on th" topoguphicd ... p ) . 

NoU .  The _ri pit ha. n"" bun cOilpletaly f i l led 
in .nd n"" only the ",.cern .. , I l  o f  the p i t  i. 
• ec"u i b h .  

U � r  Viøbll S.dor . Cre.ni.h-,uy lI u l  . .. rhton" 
• nd .rgi l hoeoue ti_none . C ]4-8 KL. Ten tac ul i t i d. :  
Alunoatwr? lp . •  Gotl""dorHit .. .  <lNoLat1ole. S.Ntit",? 
uili .. .  

RQ{QNf""''': Hed. 1 9 2 1 .  p .  2 8 .  l inn 'I - l O :  lI"dot.1S,o 
1921b, !'il.  l;  lied" 1'12�I. Pi • • I l ,  p .  3 6 ,  l i nn 1 2 - 1 4  
f H ' "  th" hott.,.; H.d" 1 9 4 0 ,  p .  1 3 ,  l i n  .. .  I - L  

KORPKLlN"T I ,  H�Jdi"t s.a... un i t  a .  P O C k e t l  o f  
bro""ilh-lrIY lllrl i n  .... d i  . ..  g u i n . d ,  o l i l h ' l y a rl i l 
I.ceoul l i  .... s t o n  • •  C 7 2 - 1  K L ,  C 1)-87 K L .  T"nta c u l i 
t i d l :  None . 

KULLAIIDS l ,  HQ""', Bed8 ,  He ... " Nar l ,  nonh .... u rn  part . 
Crunieh- .nd b rown i .h-g •• y _ . l  'nd ar,i L l .ceou' 
l i_ s t o n e .  liS 689, 86�, 7 1  C � 1J1 ,  C 14-]1 KL. 
T"nt.cu l i t i d . :  Odø,,"iull !1QN ti 'I1siil ?  

KULLUNDt: 2 ,  n. &l d8 ,  .iddh-upper p . . . .  Gny 'o 
hro\lTlish-grey lI a r i  Ind f i ne guined, . r g i L l.c"ou.,  
. l s a l  li  ... oton • • liS S63,  8 1 ) ,  C 1 2 - ] 2  K L .  T.ntlc u l i 
t i d l :  Odtl,,"it611 prolatlU, TQ"taCliHUiI obiltip"". 

KULLUNlÆ l, 634060 165196 ( C.l  4380 3 8 8 1 ) ,  Cl. 2 )30 • 
�SE of Elt. church .  Topog u p h t c a l  OIap Ihut SI Hoburg�n 
NO & 5 J  He10u NV.  � o l o g i c . l  ... p Ihut A. 1 6 �  H""' � .  

D i t c h  s e c t i o n  i_�dilC. l y  NE c f  t h e  t i e l d  ro.d , c a .  
90 . MW o f  t h "  c r o l l roldl (_r�ed on t h e  topograph i c . 1  
.... p . h u t )  .. h i c h  h I v e  'h� l i gn "Ku l t u ,..inn � " .  

E k .  Be� . Crey to bro""ilh-8ny ... r I .  Got 7 6 - 2 S  
H ,  -30 S 8 ,  -3 1 S B .  T.n t a c u l i t i d o :  O d u s i t  •• P1'Olat1<8, 
T."t<lculitcll ooa tipwo . 

KULLUNOE lo, 6340�0 U i 5 S 1 6  (CJ 4 3 � 8  J S 7 1 ) ,  Cl. 24S0 ,. 
ES! o f Eke church.  Toposrlph i c l l  .... p .hut II HOburg"n 
1/0 & 5 J  H" .... H Y .  � o l o S i c a l _p .h"H A. 164 He.u . 

O i t c h  . " c , i o n  i _ d i n e l y  N o f the f i � l d  ro.d, c • .  
lOO . .  E o f the c.ollrold. ( . .  rlted on the topoKraph i c a l  
.... p I h u t )  " " i ch hav" th" . i g n  " K u l tu,.. i n n ,, " .  

E k l  Be� . C r u n i l h - Ind b . o wn i . h - g n y  _ r i . Got 
16-33 S8. Tenucu l i t i d . :  0d.I�8itOflt po,.Una ie, OdØ8�i
t<I. pl'Ola tua, T,"w",.ri :u obøtip""' . 

KULLUNOE 1 , 6]4054 1 6 5 8 1 1  (CJ 4 4 2 1  l S 7 ) , c I .  2 100 .. 
ESI of ne chu r e h .  Topoaraph i c l l  _p .hut 51 Hohurg�n 
NO & IJ II� .... N V .  � c l o g i c a l  _p IheH A8 164 Il., .... 

O i tch U c t i o n i _ d i a t " l y H o f th" f i " l d road , c a .  
110 . .  E o f t  . . ..  c r o  . . .  o . d .  ( .... lttd on t h e  topograph i c . l  
..... p I h U t )  .. h i c h  h . v e  t h �  . i gn .. � u l t u r 1O i nne . . .  

E k .  &lds . 8ro"",ilh- end sruni .h-guy ,. .. 1 .  Got 76-
34 H .  T.ntacu l i t i d . :  OdeM;'U" pol'te""ia ? , Odelllli tes 
pl'OlatwJ , T"nta""li t48 ebuip .... . 

KULLU'IIoE 6, 63.054 165859 (CJ .446 1� 7 ! ) , c •. 2 9 5 0  '" 
ESE of Eitt churo h .  Topog u p h i c a l  .... p Ih.u S I  Hobu'Ren 
NO & 5J He,.,.. N V .  Geo l c g i e . l  up .h.n A.a Ib4 H� .. s e .  

o i t c h  .. c t i on i _ d i n c l y N o f th. f i e l d roa d , c a .  
6 0 0  • froll t h  crouroadl (1I .. �ed on t h e  topo�roph i o a l  
... p lheU) .. h i c h  h.v" t h e  . i gn " � u l t u r . i nne" . 

U" Blds. Cr". n i l h - and browni lh-greY llarl . Cot 
16-3\ SB. Tentacul i t i d l :  Odrluitu pcl'h",,,is ' . Odeaai
Uø rl'OOat"", T.I1taClilitu obltip"". 

�ULLUNOE 7, 6JioOI� 1 6 S 9 1 6  (CJ H 9 S  1 8 2 8 ) , c�. lHO • 

ESE of Elt" church. TOp<lj\rlph i c l l  .Ip lheec S l  110burgen 
1/0 & 5J Il"", .. H V .  � o l O ll i c I I  OIap .hut Ae 1610 He, .. e .  

D i t c h . " c , i o n  i .... " d i l t e l y  N E  o f  the f i e l d ro. d ,  
C l .  l )()()  Il hOll the c.ouro.dl ( ... r ' e d  on t h e  topo
gr.ph i c . l  .... p Ihut) wIlich hlH 'he l i gn " K u l t u r m i n ne " .  

elt� &Ida. 8ro"",i.h- a n d  lIreenilh-grey .arl . Gol 
76-)6 S 8 .  T"ntacu l i t i d . :  Od.I""it4" pO"U�Bi,, ? , OdER8i
u" pl'Olatu", T""taClili UB ob" tip"" . 

KULLU'IIDE S , !l J 3 9 S 1  1 6 5 9 5 1  {CJ 4 5 l 2 3 7 98 ) , c a .  3980 .. 
�;SE of Ek. chu . c h .  Topograph i c l l  .... p .heel SI Hoburj\"n 
NO & 5J H" ... e � Y .  c..o l o g i c l l  .. p oheH A. 16t, H" •• ". 

O i t c h , e c t i o n i _ d i a t e l y IlE o f t h e f i e l d ro.d , c a .  
I S O O  .. f .o,. ' h e  c rou ro.ds (.,ar."d On l h e  topographi
c . l _p .h""t )  w h i c h  hu the l i gn " K u l t u  .. i n n ,, " .  Th" 
l o e . l i t y i • •  i t u.t"d a t a cro .. r08d. "" . .  " . ,,,,,, 1 l  

����
d 

I:�:�
. (not "",rhd o n  the topogra p h i c . l  .... p .h"H ) 

no! B<ld8 . 8.0""ilh- and gr .. n i .h-gny ... 1. Co, 
7 6 - ) 1 5 8 .  Tentac u l i t i d o :  Odes"iu" pl'Olat .... , Tel1ta-
culi teø obs tip"'" 
KUPPEN l, He""38 Bads ,  un i t  d. l n t . r c a l a t ions of 
gre"ni.h- and brown i .h-gr. y .arl i n  eoarn g.ain"d 
li  .... . .  on".  MS 818.  Tentacul i t i d l :  Ncn" . 

KlITARD l, 6 )2 � 5 )  1 6 � 6 J 9  (CJ 3 1 3 7  1 768) , C l .  6200 . SSII 
of Nh ehurc h .  Topograph i C a l  •• p .h�e' Sl Hob"Tj\"n SO 
& 5J IIn.se �V. Ceo l o g i c . l  ... p .h�e< Aa 1 5 2  �url\.v i k .  

W 1J  .horo e�po.ure o n  t h e  ucondlllO o t  l o u , h e rn p o i n '  
o f Nhudd e n , e a .  6 1 5  .. lI o f Tva rJrd . Th".., i , a f i " l d  
road (not markcd on th" topollrlph i c a l  .... p )  f r o  . .  ' h e  
c r o l O ro.do SE o f  t h e  , r i .n gu l a t i o n  p o i n t  s k l t .  runnioll 
SE 'o I l o l i to ry hOu" , and the l o c. l i t y  l i u  f u n h . r  
i n  ,he oa . . .  d i re c t ; on ove. th. f i . l d .  

Eke BedJJ, 101J.,. ..... i d d l �  pa . . .  C n y ,  , i l t  y lI . n o ton • •  
C 1]-96 K L .  T.n t a c u l  i , i d o :  �one . 

KviiNNviiTI.N l, S l i t  .. 8 .. dø ,  PQ"tar-ro',.,." go t landi",,,,, Bedl . 
Pocke . .  o f  �reeni .h-g."y _ri i n  ... d i  ..... Ir&in�d l i "",
" ,on •• C 7 2 - I 0 1 K L , C 1 l - 6 1  KL,  T.ntac " l i t i d o :  None . 

KVAA�8ERGET l, Sli te BIde , S l i te lIarl , uppenooot p l " .  
B.mmi.h- a n d  �.un i . h-grey .... 1 ,  "",r l . tone � n d  • •  � i l 
IIceou. l i .... . .  on • •  II� 4 9 1 ,  691" 6 9 � ,  6 9 1 ,  C l I, - '; 9  K L .  
Tentacu l i t i d . :  A l u1">Iatwr' a p . , Ilt",...: """"""",, O'li'1tia
""", D .  at<t"i""". 1'l<"""lit .. ø s/iti .. ",qia .  

Slite Beds . un i t  (j .  Pocke t o  c f  gre�n i l h-grey .... r l  
!:

n:
d i u. gu i n.d l iM O lone . MS 6 9 6 .  Tentacu l i t i d . :  

LAi'tBSKVIE l ,  n .. mø .. 8,,118, un i t  " .  �ro""i.h- .nd 
greeni.h-Sroy .erl lnd d.n''' , .rl\i l l aceoul l i ''''' "lOne . 
C 110-62 KL, Go t  ' . - ) S 8 , - 1 7 S B . Tentaeul i t i d a :  
A L te,..,at",,' . p p .  

t..\NCARS l ,  S t i e ..  & 00 ,  S l i te "ta r i .  Brown i .h- a n d  
g n e n i s h - gre} .. a r l  and a r g i l ilceou. l i _o tone . K S  
1 9 0 , 1, 21, . Tenuc u l i t i d o :  T U ""<l H t e il  e li t i",""ie . 

UNCS HAGf: l, 6 1 8 8 7 7  1 6 4 9 0 2  (CJ 1858 8 7 5 2 ) ,  ca. 1600 
lO NE o f  Vh'uh. j d "  church. Topo�raph i c . 1  _p ahee< 

t�;��d
�: ' Ge o l o g i c . \  .... p I h U l  Aa 1 8 l  Yi.by & 

"'bandoned quarry i ..... d i a t " l y  SE o f  t .... road. c a .  
1 5 0 . SlI o f the c .o l O rold. SW o f th" .nc i e n t """nu...,n t  
a t  L a n R '  Hage . T h e  quarry i .  ,he .0u,hwuu.n:OOH o n "  
.... n"d on the �"o l o g i c . l  "'p.  

S / i t", Bede ,  K a l b j e r�1 1.i .... . .  one . Creen i . h-guy , 

:!�:��:�d:�
g
�!�:�eou. l i mmone . 115 1 9 9 ,  800 . Ten-

!/e{ere"ces: H"d" 1 9 1, 0 ,  p .  �O,  l in u  6-9 ( r e f e r"nc" 
to th" area i n g"n"ra l ) . 

LANSA l, SLi te Blds, un i l  d .  I n a . c . l a t ion. of 
y e l l o  ... i .h- and g r e y i . h - b ruwn .... r l  i n  "",di UDI gr8 i n . d  
l i rne"one . I1S 6 8 2 . T.ntIL u l i t i d . : Non " .  

LAU BACKAR l ,  Elt e  Bloo, Rhi�crlry l l...., Li",u l o n e ,  upper 
part . L i g h t  g.un i o h-grey , c a l c areou. ,"udIlene , 
hroWTli.h-�."y .. a d  and f i n e  g r a i n e d , a r g i l lacooul 
l i _  . .  o n e .  MS 1 6 ,  1 9 , 4 0 , 5 1 , 8 8 ,  H l ,  212,  llS,  2 2 1 ,  
2 ) 4 , 2 4 1 , 1 9 5 , 408 , 4 0 9 ,  Q O ,  � S S ,  4 5 6 ,  4 H ,  . 9 0 ,  
.... J ,  1 9 1"  C 1 2 - 2 7  KL,  C 7 � - 6 S  K L ,  Cot 7 4 - 2 0  S S .  Ten
tacul i tid o: A lte ...,atu$� . pp . ,  L"""hidiW'! 8C'<l1'li"""" 

Odessitu La'-1>!sis . 

LAUSYIK 1 , .'Ie""' .. Seds , H" .... Karl , upp. r p . r t . C r e y ,  
ca l c a r " o u . ,  s h o l y  "",d.,one and . r � i  I l aceou. l i  .... ton •.  
115 6 5 1 ,  C 7 � - 2 7  K L .  Tentacul i t i d l '  Odo8Bi t"s ""{[atus. 

u.un:RlIOItIISYU; 3 ,  64J.051 169433 (eK 869J 2 5 6 5 ) , cl. 
52�0 Il 1lii o f F.l.rll church. Topoguphi<!ll ... p .hut 1J 
flrillund SO & 110 .  C.ological up .hut A.a 180 phil. 

Ditch uc tion i_dieuly S o f th. ditch lnd ro.d :�c�:�;���:��. c • •  6 W  Il N)IE a f  the tdlap,rhtion po int 

HlJflttil1t a • .- , I""tr..,.iddle pen . h l lovi.h-gu1 , 
I l i Rht l y .r,i l l.c.ou. , ,..,d i  ..... g .. infd l i_ltone , C l )
Il n .  TenUcul i t i d a :  T ... t<lculit ... liqlli., T .. "t<lcuzt
ti. , p .  

R'/'NI1oel' H e d e  1 9 3 6 ,  p .  1 4 ,  bon"," tventy-t"" 
lin .. , p. l � , li" . .  1-2 (contlin. litt of fOl l i h ) . 

UlSUNGS l ,  H.".. Bea., H ... e Morri , ,outhulurn pIn 
top, Cre"ni.h-gny ... r l  .nd Cllclnou, ..,dltone. MS 
294 , 342 , 103, 704, 7 1 7 . Tentacul i t i d . : Dicri""CQr1io111 
tI"lti"iorua. 

LEMEItCET l, Stiu a.a. ,  Sl i t e Karl , terbn8'" Mor r l ,  
l " " e r  P l r t .  8rown i lh-grey ru r l  .nd " , i l l ,c,oul lille
ston • •  HS 390, 425. t.ntac u l i t ida : None. 

LICKERSH.QtI l, L.ooi.,. Vi,bll Bea. ,  tOp. B luilh- g re, •• rl 
Ind _<lttone. C ] 2-9 n , -Io n . Tfntac u l i t i d l ': 
Altlma:ioIII ? .p . ,  Gctla>!d<!tliu. vi,bll .. ".i •• Uppf .. Vi,bll s.a. .  B lu i l�- .nd Rrunioh-Irty lIar i ,  
. .  r I t tone Ind 'rli l \ 'ceou. l i  .... ltone . MS J. O � ,  C 7 2 - 1 1  
KL. Tenucul i t i do : s..""titu? e:ri lie. 

H{)gI<lint a .. ds, unit a .  Pocke t o  o f  Ireenilh-guy _ri 
in co .. u gu i ned li  .. . .  one . C 1 2 - l 2 lL,  - 1 3 lL . 
T�n .. c u l i t i d . :  None • 

LICKERSH.QtI 2, Upp<61' ViablI B.ds . Crun i .h-Iu y .. rt 
.nd "gi l l ,ceous l i _ l ton�.  C 74-43 KL, -U KL . Ten
t a c u l i t i d . :  A ltematlU? l p .  

HlJgk lil1 t S " tk .  I n t e r c . l u i o n .  o f  brownilh- .nd 
I . . eni.h-g.ey .... rl in d.nu l i_ l t on • .  MS 1 2 6 , 3 3 1 ,  
l H ,  C 7 4 - 4 5  � L ,  -46 K L .  Tentacul i t i d . :  Alt"noatu,? 
.p., s.,,,,, titl,,? cataJoacta<!. 

LIFFRlDETIIJtiSK l, 6 l 5 H 3  166049 (CJ 4 762 5 5 4 1 ) ,  c ' .  
1 � 0 0  Il N o f  Stlnla c h u r c h .  Topogr.ph i c a l  ... p .h ut 6J 
R"'"
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Li f ( r i d e t r h ' .  
He"",,, &lds .  P o c . � t o  o f  g r u n i l h - . n d  brown i .h- IUy 

.. ri in ruf l i_ l t on •• MS 7 5 0 .  T_nca<ul i t i d . :  None . 

L I L U.  HALLVARDS l, He"",e S.ds ,  Il" ... " lIa . l ,  nonh
" u t e rn p a r t . Cr�y .... r l  .nd u g i l l .cecu. l i_l tone . 
MS 1 2 2 ,  2 2 5 .  T"ntlc u l i t i d o : Non • •  

L I L U.  HALLVAROS 2 ,  H."",. ihlda , 1I . ..  u !'\a r ! , north-
"" . .  e rn p a r t . B l u i .h-gr" y rurt and c a leareou. sha l e .  
G 72-86 K L ,  - 8 1  � L .  TenUcul i t i d . :  Diol'ioo""""",,, . p .  

L I LLA HALLVARDS l ,  6 3 4 2 2 1  1 6 � 4 1 6  (CJ )038 4 1 4 7 ) ,  c a .  
4 2 5 0 . II S II  o f  Hah l i ngbo c h u r c h .  Topograph i c a l  ,.ap 

:�::� !.! ���U�!::e
�O & SJ Il",""" N V .  Geo l o g i c . l  OIap 

Surhco expOlure 10 .. N c f  the rO'ad, ca. 1000 .. 
ENE o f  the c r o l O ro.ad. S L i l l a  Ha l l v  • •  dl : A  .... l l  track 
runl fro. the road b<> tvun th" t e l ephon. p o l ' "  
numb" r e d  5 2  and 5 3 .  

H"mJJe ihlds , H " , u e  I'I ' T l , n o n h "  . . . .  m p a r ' .  B l u i sh
any C l l c a r�ou. , h a l "  and lIa r l . C 12-SS K L .  T"ntacu l i 
t i d . :  Oi","':CCCC>lWl t""uiasi ..... a .  

L I LLA HALLYARDS 4 ,  6 34 1 1 1  I b 4 2 S l  ( C J  2 8 7 9  � 1 0 9 ) , c a  • 

�840 lO 11501 of H a b l  ingbo church . Topograph i c . l  .... p 

:�:: � !! ���U�:��e� � SJ Ile,""" NV. Geo l o g i e l i  ""'p 
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RQ{en",C</ pcil1 t ,  The i n t e r . "c t i on o f  J i t c h  .nd r o . d .  
He_<J & ds ,  lIe",.e "larI , nonh"" . t e .n p�rt . 8 I u i 8h-�rey 

,url  and c " l c areoul .h�I�. Got 16-32 S8.  T"ntacul i t i d . :  
1lt",M.(J()CO>\,.,. u"uissi"",s ' .  
L I LLA RINCli'I'E 1 , 6 1 4 7 1 1  1 6 5 4 2 1  (CJ 40IS 4 S 6 7 ) , c a  • 

USO lO Sil of �� ... e c h u r o h .  Topo g r a p h i c l l  ..ap .hut SI 

���
"
�!�:.

�O & 5J lIe ... e NV. Ceo l o g i c . l  .. p .h" .. Aa 

O i tch . e c t i o n  i ...... d i a u l y  N o f  the .oad It  th" road 
Ind po .. " r l i n e  in .. r u c t i o n .  

Hi_' B"de , He •• e Harl . Creen i s h - a n d  b l u i .h-grey 
lI.rt .nd .. .. r l stone . liS ni, 158. Tent8cu l i t i d . :  
OicM.c""""",, u"ltiøai""", . O<wssi,u i�{/.atll8. 

L I LLA SIi(i(;RINOt: l, Iili"t<!btll'<) &118, l"" . ..... i d d l "  p n' . 
Poc h t o o f  g r . e n i l h-grey ... rI i n d"n$e li .. " o n e .  I'IS 
6 1 4 ,  6 1 5 ,  6 1 6 ,  6 1 1 ,  C 72-22 K L .  Tentac�l i t i d o :  Nane. 

LI NDE l, Hemse Beda , upper p.rt. Pocket, o f  l i g h t  
bro"" i .h-guy .... r l  i n coarse g.ained , c r i no i d . 1  l i _
Iton • .  liS 1 5 4 ,  St!0 , b&4, 66�, 699. Tentacu l i l i d o :  
A l u�atua? op . ,  Odes8it"s (7"retie"aia. 

LINE I, 6 )S 3 9 2  166189 (CJ 5702 8 1 2 5 ) , c a .  1 2 1 0 . SE of 
HOrln" churc h . Topograph i c a l  .... p sheet 6J Rorrra NY &  
N O .  Geo l o g i c a l  Blap ohut Aa 1 69 S l i l e .  

L"" .oad . " c t ion 1 1 5  Il �II o f  p o i n t  2 t  . 5 2  a t  L i n " .  
n r e  l o c & l  i t  y i .  i . . .  e d i a ' e l y  N� o f  th� q u a r r y  lIarked 
on th" topograph i c a  l ... p .he e t .  

Ktil1tcbel'<) Beda ,  101JH-.. i d d l �  part . P o c h t o  o f  
gruni .h-grey .... r I  i n  rut l i _ s t o n " .  G 1 2 - 100 K L .  
Tent.oul i t i d . : None . 

LINGVIDE l ,  Ek" &lds , I01Jer p a r t .  !rown15h-g.�y .. a r l  
. n d  a r g i l tac.ou. l i ""' s t o n e .  �5 6 ,  5 7 ,  1 0 1 ,  H 2 ,  ]JO , 
HI" H I ,  '; � 6 .  Tentacul i t i d o ,  Odeuieeø p1'O latuil , 
T""ta,,�lit"8 abstip,.,. 

LINVIKE� I, 6 1 1494 \64607 (CJ 1 1 5 3  3409 ) ,  oa. 2875 • 
\/NIl of �h chure h .  TopoSraph i c . l .ap ,hu, Sl Ho
burgen �O � 5J He,..e � V .  Geo l o g i c a l  .ap .heet Aa 1 5 2 
BurgsviL 

to .. <hou ,xøosur" on ,he n o r t h e rn soore o f  L in 
v i k " n ,  c a .  8 2 1  .. SE o f lh" hous. a c Crundlrd"n . 

Helllll� ihlds, H" .... e "".1 , uppe.->.t p " r t .  B l u i ah-�rey 
..... r l ,  ".. r l f tone and a r g i l l lceou. l i "","one C 12-89 � L .  
Tentacul i t i d , :  [li"M.""""""" !<l . . �issi""", 

fle{e -..e�ces : Hede 1 9 1 9 a .  Loe a l i t y  6, p. I l .  b o t t o  .. 
""ven l i n  .. , p. I S , p .  1 9 ,  l i nea 1 - 1 0  ( c o n t a i n s  l i o t  

o f  fo . .  i l . ) ; Hede 1 9 4 2 , p .  2 0 .  l o c a l  i t�  4 c ,  f i R .  2 .  

LlJI(SE l ,  He""''' BeOO , H""". 1'1 • •  1 ,  northv" . . . .  n p.art . 
Cre� lIari .nd a r g i  l l .�eous Ii ... l t on" . MS 8 1 ,  20� , J 0 2 ,  
4 9 6 .  6 6 0 .  T.ftUc u l i t i d s :  A l t  .. ,...,atu,,? ap . ,  Di"M.",,�'O>1"" 
t",,�ias{""'8, O<k88ites Je -..e tiel1"is. 

LUNDE l, 8:u'<)svik & 00 ,  uppe"""," part . Y e l l "" i .h-�rey 
oo l i t i c  l i"",.ton •• SI1NH ( unn\.ll!lbered ur1p l e l ) . Tentacu
l i l i d o :  r.>!ta=lites M8inJ�I'i. 

!'IAGNUSE l. n1876� 1 6 74g2 (CJ 6421 8441, ) ,  c a .  675 .. �II 
of Coth ... c h u . c h .  Topo�r�ph i c a l  .. a p  .hen 6J Ro"", NV & 
� .  C.o l o g i c l l  ""'p Ihut A� 169 S l i t e .  

Sha l l o  ... d i tc h  e�po.uro i"""" d i � t � l y  �E o f  t h "  ,oad, 
c • •  1 6 0  .. mI <> f  the crourald. n I1.ognuoe .  

Kti"rebel'<) Bed8 ,  un i t  b .  Poc�e t o  o f  b.own i .h-grey 

��:I!: l���:: ;  ��:: .
gU i l\.d l illlut on� . lIS m . 

IIAJsTRE l ,  � 1 1 3 1 1  1 6 4 1 7 6  (CJ 2560 1 2 90 ) ,  c a .  3 1 7 5  '" 
IISOI o f  Sundre church.  Topograph i c a l ,.,.p .hut S I  
1I0bur��n S O  & �J H ... � S \' .  Geo l o � i c a l  ""' p  Ih"H A� l S 2  
8urg . v i k .  

[l .. i M � e  d i t c h  H c c ioo 50 m E o f  th" road , c a .  3 l �  
BI � N OI  o f  the cro . .  r o � d .  NE o f  Hob\lr�en. T h e  l o c a l  i t  y 
i. �ppar"nt u a notch in the riu ult o f  the road. 

Hc=oa 8eds ,  un i t  b .  L i g h t  brown i sh-g.�y, c . l c a reou. 
lIa r \ Hone ancl a r g i l l aceou. I i""' o t o n e .  MS ns, C 1 1 - 1 1  
K L , Got 1 5 - 2 C B .  Tentacu l i , i d . :  A t e .. ""atl<G? ' p . , 
Odeøaiu" r.rJjøtl'i"""is, Tel1 ta= li t.s hai"(7e"': . 

!'IALIIS l, H .. "",e Sede, K ..... i'la r l , . o u t h u o t e r n  p a rt , 
t o p .  Light y � l I o" i . h - and grun i s h-Krey .. arl and .. a r l 
Hon • •  C 1 4 - 2 2  K L ,  - 2 )  K L .  Te�tacu l i t i d s ,  OdEssit .. s 
i"{lat..,,. Te" ta=li tea . p .  

MEDBYS l ,  He"",,, /leds , lIi d d l e  p a r t ?  I n t e r c . l a t ion. o f  
g r u n i .h-gre y "",rl in d.nse l i _l lon" r i c h  i n  . .  ro""to
poro i d s . IIS 1 0 5 ,  319, 396, 39 7 ,  )9S . T"ntlcu l i t i d s :  
[li"l'iecCOl'lUS te�ui"d"",.". 

i'l I L U<. LJ.lIT I, Hero. SedJ ,  .�i l l k l  int L i .., o t o n e .  I n t e r 
c . l I t ion� o f  hr01Jl1 i sh-grey .. a r l  in f i n .  �.ain. d  1 i",e
Hon • • . �S 2 1 9 ,  6 14 .  6 1 5 .  Tentac u l i t i d s :  Odeilsit<!$ 
i�[!atus . 

IiILLKLINTDAUN I, H""",e BedJ ,  M i l l k l i n t  L i  .... Hcn • •  
I n t e rca l a t i on .  o f  bro"n i s h-grey m a r I  in f i n e  � u i n e d  
l i ., . .  t o n e .  liS 6 1 ) .  T"ntac u l i t i d . :  Non e .  

IIOJNER l ,  6 J 9 9 1 S  1 6 7668 (CJ 6 6 9 4  9 5 1 8 ) , c a .  � 2 5  . .  S S E  
o f  Mo�" c h u r c h .  Topo� .... p h i c a l  .... p . h e e r  6J Ro ..... �V 6 
NO. Geo l o j\ i c a l lll.ap oh"et Aa 1 6 9 S l i l e .  

o i t c h . e c t i o n  NE o f  t h .  roa d , c a .  200 . N o f tloe 
c r o l S road. S o f B08e . 

S l i te Bed8 , S l i t e Ma r I .  8ro"",i.h-gr"y "" , r l a"d 
c . l csr�o� . ..  ud�tone . i'lS 686, 1 5 5 .  T"ntacul i t i d . :  
DioM.""""""" (j�t"i",..". ru"""tiu8 a l i tie""is. 

MOJNF.R 2 , 6399101  I b I 9 1 5 (CJ b 9 4 2 9 S 8 2 ) , c a .  2 5 1 S ", E 
of �8e <hurch . Topol\rAph i c a l  .. ap . h e e t  61 Roaa NV & 
NO. c..o l o g i c a l  .. aø .heet Aa 169 S l i t " .  

Shcre l e c t i o n  c a .  7 \ 0 ", SE o f  po i n t  1 . 70 SE o f  
���vik�n, c • .  2 0 0  . .  S o f  t h �  . .  i l i tory i n, t a l l a t i o" , .  

S l i e.. Beda , S l i te ...... r l .  Bro .. n i . h - �  . .  y ,  c a l c a."ous , 

�!�!� t l y  . i  l ty  "",dsto" • •  C 1)-42 K L .  Ten�.cul i ,  i d s :  

HOLL'OS l ,  HaLla Blda , un i t  b .  'rovnilh-gny _ri Ind 
argi l l . ceo lll l i  .... . .  one . 115 � U .  Tentacu l i t i d l :  M'one . 

I(jLUOS 2, Halla Bla.. , unit b. Pocketo o f  b rowni lh-
Ind g<uni,h-gUY "TI in fine guined, ItrOllltoporoid 
I i_HOne . Got 14-1 5 8 .  Tentlcu l i t i d o :  A tU1'>I<ItkI? .pp. 

HOUlEl\ l, ,ItuLde S.dor ,  Uppu pIn. Light hro""ilh-.ny 
_ri .nd ugil hceou. l i_aton • • I'IS 6 7 9 ,  716, 74S, 7 4 6 ,  
C 74-40 KL. Tentacul i t i d l :  A l e..,.,.,at\<B! I p . , Votf"itøø 
_ Ldi .. rui • .  

HlJLDE l ,  S t i u  Beda ,  S l i t e  S i l taton" . Y " l l o  .. i o h - and 
I<eyilh-brown, . i l t y .nd . r g i l l .e"ou' l i _ ltone . 
C 75-14 n .  Tentacul i t i d o :  A L umatui/ I p .  

KUlDE TECELSRUK l ,  ,Itu/de Blda , lo_ ...... i d d l �  p I n .  
Browni,h- . n d  b l ui lh-grey .. .  r l  . n d  .arlstone . lIS 10 
( 2 3  d i f fe rent .. ,. p l u ) ,  4 21,  6 0 8 ,  6 4 1,  6 4 8 ,  6 5�,  1 6 5  

A - K ,  7 9 8 ,  SI1NH ( u veral unnuubered ."'p l e s ) .  Tenucu
l i t i d l :  A le.. mat1oler .pp . ,  IltcriooCC>l"" O""""""", Voly
"iUa "caLpl'<ltl<8. v. "",ldi'I1i1i8 . 

IfI'RSE 1 , 638191 1 6 4 8 \ 3  (CJ 3 7 1 7 807 9 ) , < 1 ,  1 2 00 . SE 
of Stenkuorl e c h u r c h .  Topo g u p h i c l l "p l h . e t 6 I Y i l by 
1i0. c..o l C l i c a l  .'p ehe" t  A.a 160 K l i nuhl..,. 

Ditch lection i_diately N o f the ditch .nd ro.d 
internction, c • •  175 • \/)ill cf the north .. e o u r n,..,l t  
hou'" . .  Myrn • 

Sliu Blds, S l i u  Mari . G r un ish - .nd bro""i.h-guy 
.... r t  .nd ru r l otone . C 7]-60 K L .  Te n t lcu l i t i d. , Oi",,.,:
""cen .... O'ut"i""8, T,.,..., liUa {oIUl1gboel1i1iil. 

N ... 8BAN l, Ek. &lda , Lo .. " r  pa n .  Gny , co ... " ,u i ne d ,  
• lightly a r g i l l,c,oul l i_ . tone r i c h  in bryo�olno and 
c r i n o i d s .  C 7 2 - � 2  KL, -5] KL. Tentaeul i , i d "  None . 

NiiRS I"r' R  2, Hamra ihldII , lo".r part . L i l h t  brown i . h 
,."y, co.ru g ra in e d  l i1Oeltone r i c h  i n  c r i no i d s  and 
. t r o  .... toporo i d l .  G 7)-52 K L .  Ten t a c u l i , i d . :  Ncne. 

�iis 1, Elt. S .. ds ,  l""e. p. r t .  8rown i lh-grey, . i  I t  Y .... L 
r i c h  i n a l ga e .  MS 7 4 7 , C 72- 9 8  KL. Tent.cul i t i d s :  Non" . 

N I S S E  I, HQms. B.ds, 1I •• u Ka r l ,  nort .. u t e r n  par< . Grey 
.. r i  and a . g i l ilceou. l i . � a t one . MS lS4. Tentlcul i t i d . :  
DimecctmWl t.�ui88 i"", • .  

� I S S E  2 ,  6 338 4 0  1 6 4 8 4 0  ( C J  3 2 6 8  314 S ) ,  C l .  4 100 lB SSII 
o f  H lb l i ngbo church. Topograph i c l l  .... p .h�e< � I  Ho-
burgen NO 5 SJ  Il .... N V .  c..o l o g i c a l  .... p Ih e e t A. 1 5 2  
Bur�.viL 

oitch • •  po.ure i _ d i a t e l y S o f t h  • •  oad , c e .  350 11 
E of the c r o l l rold. E o f  li i . u .  

H,l>"8" B<lda , He . . .  Ha . l ,  north ... " . t e rn p.r< . Crun i.h 
grey _ r l . C 1)-100 K L ,  Co t  10-49 S B .  h n t ac u l i t i d "  
OimccCC>l .... UI1ltiaa':"""" , Odtissi us ge ... tie'llli,, ? 

M I S S E  ), 6338�6 1 6 4 1 4 9  (Cl 3 3 2 3  3 7 5 9 ) , C l .  4400 Il S5W 
o f  Habl inlbo c h u r e h .  Topograph i c a l  .... p .heot �I 
Hobu.�en NO & �J H .... " N V .  Ceo l o l i < o l  III&P .h�et .... 
l 5 2 !u.gl v i k .  

E o�
i ��: �;:::�::d�7��"�7�;e� o f  t h e  rOl d ,  c • .  m .. 

H""",e ihlds ,  lIe .. e lIar i ,  north .... . '�.n p l . t . ! l u i oh
grey .... r l  .nd .... r l o to n e .  G 7 3 - 9 3  K L .  T"nuc u l i t i d l :  
Oic"':""""",,,,, toI"uisøinn<ø. 

NoRR8YS l, S l i te B<lOO, unil g .  Pocite t o  o f  brown i lh-grey 
... r l  i n  c o  . . .... suin"d l i .utone . i c h  in bryo.o.no and 
.. ro .... topo ro i d  • •  IIS 4 1 S ,  4 ) 6 , 4 1 1 , 4 1 8 .  Tentac u l i t i d "  
Oi",I'i""c"""" a,,�ta !i8 : ,  Tu""",H t"a {oni �gboe,,"is. 
7 .  ø l i tie"si • •  

N Y A.�  2 ,  Ile"",. Blds, H" .. . .  M a r l , Day i a  F l l g  • .  L i g h t  
g n y ,  c l l e. reou. , .. icae.ous and ' . g i l l lc"ou • •  i l t . tone . 
C 7 2 - 5 5 ,  -S6 , - 5 7 ,  - 5 8 ,  . I t  KL, G 1 l-�0 �L. Tentacul i
t i d o :  Odulli u s  i,,{La tlU .  

I: h  &da , l o  .. .  """, . .  p a r t . arown i .h-8r�y , I l i gh t l y  
. i l ty .nd ugi l laceoy. l i_ s t o n  • •  C 1 2 - 5 9  K L ,  - 6 0 .  
T"ntacu l i t i d l :  Non e .  

N"YAN l .  6 1 4 9 1 5  2 5 3 794 (CJ 6 0 3 5  4 9 6 0 ) , C l .  3 6 � 0  lO EN� 
N�r c h u r e h .  Topograph i o l l  .ap oheet 6J �OIU S Y .  �o
l o g i o l l  _p .h ut Aa 1�6 Roneha,.,.. 

D i tch o e c < i o n i ..... d i a t . l y .o"th o f the rold between 
8"-Und. i HI_r and N a h b a n ,  Cl. 3 7 5  .. ENE o f  the 
erou-rold. i .... d i a u l y  � u t  o f  8010unds i H I  ...... r. 

H",..,ø Bøda , uppe nrro. t  part. 8 1 u i s h  grey ... , I l t o n  • •  
Unnu"'"red SCU . arrrp l e .  Tentaeu l i t i d s :  Odesilit8a i,,
{lat"". 

NycARDS l, SLi u iJeds , S l i te liarl , PenUØ'!e'-"B gotla>!di
ot<G 8ed •. G."y ... . l .nd dense , . .  g i l laceous l i ""' l t o n e .  
l1S 1 9 1 ,  2 0 1 ,  C 1 10 - 1 7  K L .  Cot 76-�S S 8 .  T"nucul i t i d s :  
IltOM.ec""""" a�"'ta li� , D. (1l<t>!i""s ? , D. ual[i">I8i�. 

NYC.l.RDS l ,  6 J 8 2 0 7  166139 ( C.l  5040 7 9 9 0 ) , c'. 2 8 2 5  .. 
SW o f  I),olhe .. c h u r c h .  Topo�raph i C l l  .... p I h U l  6J Roma 
NV ! NO. � o l o � i c . l  ..... p .h e � t Aa 160 K l i n teh311'1l . 

S e c t i o n  � l ong ,h" O.lh., r ; v u l  . .  , 425 ... Il of the 
rivul . . . nd rOld i n t e r u c ' i on a t  NYllård •• Nygårdl l 
c","p r i u ,  the s e c t i on O - I OO .. E of the refere"c" p o i n t .  

Re,f'e ... " " "  POZ: " t :  T h e  north�m""lt P l rt o f  the " i d e  
b.nd o f  the r i v u h t ,  . 2 5 . Ol o f  the b r i dge a t  NygA r d s .  

S l i t" Blds ,  S l  i t e  lIa r l . 8 1 u i .h-grey . . .  r l  .. i t h  i n t e r �  
c a l  . .  ion. o f  den .. , arSi l l a""ous l i ..., . .  on. , C 7 1, - 1 6  
n .  T . n t a c u ]  i t i d l :  A l t  .. ,..,at",,? op . ,  Iltaricc�"",,.,. a",,
talis, D. (7� t�i"",, ' , D. swrva"':e>IBis, D. U<lL li,,�sis. 

NYHA� l, LOI.JiJr Visby &!ds. L i S h '  S"Y l o  s r u n i . h 
guy .. a r l  .nd nodulu o f  I r g i l l ac.ou. l i .,,," t o n e .  M S  
1 1 , 7 1 ,  7 S ,  1 0 1 , 1 7 6 ,  1 7 8 ,  1 8 2 , 2 4 6 ,  39 1 . , 4 6 8 , 4 6 9 ,  
4 10 , 5 7 1  . n d  S 1 5 ,  C 7 1 - 8  K L ,  C 7 Io - H  K L ,  C<> t  7 1, - 2 6  S 8 .  
Tentacul i l i d s : A l ternatu.? l p . , Gotiandel lites l.!iaby-
6�aia, S.-..e ri ua1 e:ri lia .  

NYH.4J1N 3 ,  6 40 1 1 1  1 6 5 5 26 «,:J �6 20  l S }() ) . c • .  2600 .. 
SW of Lu_ I unda c h u .c h .  Topo�raplo i c . l  ..... p .h".,. 7J 

��::�:�d:� 
& � V .  Geo l O R i c � 1  ... p 5heet Aa ISJ Yiaby ! 

Lo .. .  101"" " i t h  ro�k .. u ' h " r i n �  ou' a t  top o f  buch 
..ut o f  th "  f i . l d  ,oa d .  fr" .. 50 to 7 5  .. SW o f  the h u t s  
at Nyh."", " . k r l lll'" 

&;.,x ,.  Visby Seds . Lil\h' lI n y  ..... r l  and nodul . . of 
d.n.e H R i l l aceou. li ...... o"" . C 75-6 i'IB .  Tentac u l i t i d . :  
tm tlandø l li taø .nøby .. ""i ø .  

OIDEIIOBURCA l ,  Slite lieds . 5 1 i l �  lia r I .  G r u ft i  oh-grey 
..... r l .  MS 1 7 1 , 2 4 5 .  hn ta c u l i t i d l :  T",..." li '"a a /i tie",.. 
3is . 

O I V l DE l, S t { t e  S"de , 1.'000chidi"", t�"�i ø t M.a'",,, B�d • •  
IntHc. t a , ion. o f  br""n i 5 h-Rr"y . .  r l  i n  f i ne l\ r a i n e d ,  :!�:� t l Y  a r � i l l.c.ou. l i ",, " , o n  • •  liS 1 2 � .  Tentac u l i t i d s :  

O I V l DEKoRS�T l .  6 J 7 S 3 9  1 6 4 4 1 3  ( C J  ) 2 9 1  7 7 5 1 ) , c • •  
2025 • N o f  E l k . l h e  . .  c h u r c h .  Topo�raph i c . 1  ..... p o h "  . .  
b l  V i . b y  N O .  c..o l O K i c . l  m a p  ,hut As 1 6 0  � l i n '" h a  .. n .  

o i ' c h expo.ur" i rrrne d i a t e l y NF. o f the c ro . . .  oad. a t  
I)vi d . , c • •  1 O  . .  0I 0 f p o i n t 2 6 . 6 5 .  

S l i t" 8eOO ,  S l i t "  li.ar l .  8,01Jl1 i ,h-gny ..... r l s t on. "nd 

�:�� � I '�.OU' l i ",u'one . C )3-,8 KL.  Tent.c u l i t i d . :  

OL�VEN�E 4 ,  6 ) 1 0 1 1  164686 ( C J  3200 29 82 ) , L a .  4000 .. 
SSW of �h c h u r c h .  Topogra p h i c a l  .... p .hut SI Hobu.�rn 
NO 6 5J H",ur NV. c..o l o � i 0 4 \  ..... p s h e e t  �a 112 Bur�"v i k .  

D i t c h  e�po"ure i _ d i a t e l y  S E o f  t h e  .oa d ,  < a .  nso 
.. NE o f  lh e c ro l l roads a t S k .l l  •• Ol sv"nn" . i l . i tu
� t o d  115 .. $ o f  th� houoe . 

Ek" Bed8 , lo".r"", . .  p a r t .  Gre.n i .h - g re y ,  . i l t y  ,u r ! .  
r i e h  i n  a l g a " .  C 7 2 - 9 7  K L .  Tentac y l i t i d . :  AUemat",,? 

". 

oSTfRr .... MNBOMKNINGlN I, 6 3 7 0 1 8  I � B S " 1  (CJ 1 JL, )  6 6 2 2 ) , 
ca. 2000 ", ESE o f  ih l c rKarn c h u . c h .  Topo�.aph i c a l  .. a p  

�::: .!� i��'
" 5 0 .  Geo l o � i c a l  . .  ap , h " " ,  Aa 1 10 K o t t -

T' .. po.ary ,xcAva ' i on SO ", S o f the r o a d ,  c a .  JbO ", 
E o f  'he hou ..  a t  Bengt s .  nre "�clva t i on "al ... de fo r 
ch lllUd p i t  fo r th" O P A!  b o u h n l .  i) . t e rK"rn l .  

H" .• "!I;! BeOO ,  uni t c. B l u i sh-gay .... l and ... r I " o n e .  � i J - �  n .  Tentac u l i t i d . :  Podclit .. a �edei ? ,  P. P"""
tM� licc la . 

ilSTERCARNSHOLII l, ile"",e 8eda, u n i �  d. Poch . .  of 
�runi.h-grey .... r l  i n  den . ..  c r i n o i d a l  l i ""'Hon •• liS 
8 4 0 .  Te n ta c u l  i t i d . :  �one . 

IISTERCARNSHOL'1 2, He"",e Beda .  u n i t  d. Pocke t .  of 
s ... n i . h-llrey .... r! i n denoe c r i no i d a l l i  ... o t one . i'lS 
8 3 1 , 8 J J . Tentacul i t i d S :  Non" . 

I.\VERSUKYAR.� l. H0460 1 � 51, 8 7  (CK 4 1 6 2  0 2 6 5 ) ,  c a .  
410 1 5  . .  SSOI o f  L..-lund. c h u r e h .  Topo�roph i < . 1  ..... p 
�h e e t IJ får6.und SV & HY. r..,o l o � i c a l  ..... p she . .  Aa 
I S l Y i l b y & Lurrne l un d ø .  

O i t c h . e c t i o n i"""'d i a l e l y a t  lhe .. 3 l e  ... h ... l a t 
Lu_lunda bryk (Ih,rHs t.l<va rn } .  

Uprel' Visb!, 8"ds. Creeni.h-llrey . .  a r l  a n d  ... rl s t o n e .  
MS 8 1 0 .  h n t a c u l i t i d l :  A l e..""aeun: s p . , Cot landc l h , ,,s 
aNolatl.l.1, Se mtiles? "" taNNae. S. ' e:ri 1.iø . 

PlTSAII.VE l, tk. S .. d., aiddh-upper p.r< . hovni.h-guy 
..ri Ind ... i l hceo"a I i_Itone rieh i n  & 1  .... . MS I 1 � ,  
JOO, l J 6 ,  l 4 8 .  Tentac u l i t i d . :  OdIuiu. LaIu",,':. l ,  
O .  pol'ta""iill , O .  pt'Olatw, t."t<lculiU. oo.tiPI<8. 

PtTS,tJI;VE 5, fu ihlda, ';ddh-upper pere . 8rovni.h-SU1 
_ri .nd .rgi l l .c.oue li ... ton. dch in I l g.e.  Got 76-
1 7  SB.  T.nt.cul i t i d o :  Alt.mat><.t I p . , Ode.,ius P""'" 
la .... . 

HTSARVI: 7 ,  Eb B,de , .iddle-upper p.rt.  Brownilh-,"7 
•• r l .nd .rsil heeoul t i_stone dch i n  Ilg"'. Got 
76-16 S R .  T.nt.c u l i t i d o :  Ode.,iu. pol'ta""i" O ,  P""'" 
la .... . 

PETS,tJI;VI: 8, Elt. Beds, .iddle-uP1"'r p.rt.  8ro""ilh-gr.y 
.. ri and .. , i L l'ceou' I i  .... ton. rich in I l l"" Got 
76-)7 S8. T.nt. c u l i t i d. , Odeuiu, p""latkl. 

PETSARVE 9 ,  Elt. Bl ds ,  .. iddh-uP1"'r p .. t .  Bro""ieh-Ir.y 
_ r i  Ind argil laceoul liMIton. rich in a l B'" Got 
76-14 S B ,  - I �  58 . T"ntlcul i t i d o :  Odor .. i e  •• pl'Otatw. 

FlTSA!l.Vl 1 2 ,  Elt .. B .. dor ,  ,.i dd l e  ..... PPfr pa . . .  Brown'oh-... y 
...r t  Ind .r,il l.ceou. l i_.tone ri�h in I l  ••• . Got 
76-13 S8. Tentlcul i t i d l :  OdeuiU' port."..:" O.  p,..,... 
Lat1ole? 

PETSARVE Il, U .. Bldø , lIiddle-upper part. Bro_ilh
grey _rl .nd .rgi l l .ceoul l i_ l ton8 rich in . l  .... 
Cot 14-2),  Got 16-12 SI. Tentaeu l i t i d l : Od""" i u. 
poru",i" l .  

PllTTldl.SJAUS I ,  Slitt S.dII , un i t g .  Pooket. o f  Iruni.h
gr.y ... 1 in co. rot g .. ined , argi l laceouo l i _ atcn •• 
MS IlS, 120, C H- l KL. hntacu l i dda : TIll"ICI litu 
il H ti"",i • •  

!I.J.MIofiIlJtiSK l ,  H'IIIII' B.ds , lo_r-. .  i d d l e  pen . Pock ... c f  
g r u n i lh-guy , den.., l i  .... ltOne rich i n  cdn o i do Ind 
. t rc .. toporo i d  •• MS 687, 12J, 724. Tentlcu l i t ids : None. 

Jl.A)iCSARVE l, H .. mIJ. Be.- ,  upPfr p"". I n t e r c I l  .. ion. cf 
b l u i l h - .nd y . l l""i.h-gn7 .... rl i n  cOlru g r . i n . d ,  
. l i ght l y . r g i l l &ceou. c . i noi d. l l i_l t one .  lIS H 8 ,  
7 3 9 , 8 8 5 , 886 , 8 8 7 ,  C 7 ) - 5 5  n .  Tentlc u l i t i d a :  Dieri
C'C<Xl" .... . p . ,  Odeui tu f1 .... ti.�ili� . 

ROB81iiNS l, 636)78 164352 (CJ 3 1 2 1  63(5 ) , ce. 2440 . 
W of � l i n t e  c h u r c h .  Tcpo,raph i c a l  ... p .h"ec 6 1  Vi.by 
S O .  c..o l o� i c l l  ... p .he ... A.a 1 6 0  K l i n tehe..., .  

Exclvl t i o n  f o r  cu l vu t d i < ch a t the S E  end o f  n,,", 
p.ved ro.d (not .... rked On <oposr.ph i c a l  .. p .hu t , 
ca. 100 Il SE o f  the d g h t - a n � l e d  bend i n  the ro. d .  

R"{"NMCoI poi� t : T h "  SW e n d  o f  the d i t o h .  
Slit. S.ds , S I ; ' e  Ka r l .  Crun i , h - I n d  brown i .h-lrey 

.... r l . Got n - 4 7 S B ,  Go t  7 1 - 1 6 S B . Tentlc u l i t i d . :  
A l tcmatull lp . ,  IXo"':cc""""", "li� ti<l>1io111. D .  ilvanral'i .. ,,
iliø. D. vaIU">I8iø. 

ROBBJANS 2, 6 3 64 1 5  1643)1, (CJ 3 1 0 6  6 344 ) ,  Cl. 2600 • 
\/NII o f K l i n ' " c h tl r c h .  Topo g r a p h i c . l ",p lheu 6 I V i , b y  
S O .  c..o l o ø i c e l  . . .  p .h ut AI 1 6 0  K l i n t e h . m .  

Te"p<lTlry .xc.va t ion for d r l i n.g" O tl ! v e r l  i ...., d i 
a t e l y SE o f nr1J p.v"d .o.d ( n o t  lIarked on ,opogrlph i c . l  
"p) , C l .  20 . NE o f  T i gh ' - e n g l e d  b e d  i n  the ro.d, 
.nd c a .  300 .. S E  o f  o u , ,, .-,I t  houu a t  K a l kugn.k.j . n .  

S l i e.. S .. ds ,  S l i t e  Ha .l . 8ro"", i .h-grey .... r 1 .  Cot 
76-46 SB. T�n[lcu l i , i d . :  Oic...:cc""" .... " l il1ti"""" . 

ROB8JXNS �VARN l, S l i t8 hlOO , S I i t o  S i l , a t o n " .  L i g h t  
bro"" i lh - �  .. y ,  C I 1 0 IUOU • •  i l t o tone a n d  den .. l i _
Ito�e . C 7 3 - 1 0 1  K L .  Tonucul i t i d o :  Non e .  

RoN�HAI1N l ,  Burgø.nlt S.d8 ,  I""" . . .  o s t  P U t .  Crey,  
c e l c.r.ou • •  n d  " ,ic , c , o u l . i  l t . ton� . Unnumb�."d SCU 
...p h .  Tentacu l i t i d s :  !.";molridi",,, ogrorot""', Odeuit'iI 
pcre ..... iø . 

RONEI\A.� 2, 6 3 4 1 4 4  1 6 6 1 94 (CJ 4 1 8 5  3 9 3 7 ) ,  Cl. 4 9 5 0 . 
S E  o f  Rone church . Topolraph i C I I  .. p .h"et 5 1  Ho
bU'g"n N"O • SJ He, .. e �V. 

L.rge l u r f a c " "xpo.ure 5o • •  outh o f 'h. f i e l d ra.d,  
c • • 575 ", 511 o f  th" t r i enau l a t i o n  p o i n t  a t  Ron.h ....  

R"{"N�CoI pci"e: The oton� hnce end fi.ld raId 
i n t u u c t i o n .  

E k e  B.dtr. B.own i . h - g r e y ,  l i l t y  .. a r  l and . .  , i l i lceoul 
l i _ s t on. r i c h  i n a l ga ,, :  C 7)-83 K L ,  -M K L ,  - 8 5  KL, 
C 7�-29 � L .  Te n tlc u l i t i d . :  A � tc,..,at",,? . p . ,  !.,cl1"lridi_ 
O{I"'Otw!, L .  iI=i"""" O';'lIIitlll p<lrt""",i8, O . prolat .... ? . 

8urgørJilt Beda , l"" .. rroolt p a r t .  �'�·�" h-8"y . .  nd
o t one . C 7 ) - 6 6 .  T.nt.cul i t i d . :  None.  

R .. /" ... """s : H"d" 1 9 H b , p .  2 1 ,  botto_ t ... e n t y  l i n  .. , 
p. 2 8 ,  l i nn l - I S  ( c o n t a i " o  l i s t  c f  f O l I i l l  fro. the 
Ek. Bedl ) .  

RONNINCS l ,  E h  S .. ds ,  upper p a r t . Crey l i l t y  .... r I .  
M S  2 2 1 ,  ) 0 ) ,  3 1 4 ,  l i S ,  1 1 5 .  Tent.cu l i t i d o :  l.:mahidi_ ��ttrI, L .  �C'Øli""",: , Od.Iø�it,,� p<ll'teJ1.8is. O . pl'O!a-

RQVALoS 2. 8!U'9"vilt 8"da , "PØ. """, l t  pa . . .  Y . l l o " i s h 
gay oo l i t i c l i  . . . . .  one and ... r I .  C 7 4 - ) )  KL,  -l" KL 
Tontacul i t i d . :  l.cr1"hidr:"", s"""i",.", Te"tac�litcø hiai>!
!}QM, T.  obø tipl<8 ?  

SA.�OARYE l ,  H��" S .. da ,  uppe r p . r t .  Pock. t l  o f  
� r u n i . h - Ind h.o"",i.h-Hey " " , r i  i n  l i _ Hone r i e h  i n  
. t ro_top<lroid. a n d  c r i n o i d l . :iS 1 5 ,  6 6 ,  5 1 1 .  Tenta<u
l i c i d . :  Od .. ø�iull '1"""ti">I8i s .  

SAXRIV 1 , 6 4 2 6 8 1  1 6 8 2 8 9  (CK 7 5 2 5 2 2 9 0 ) , O l .  b 6 0 0  .. 
NNE o f  F l e r i nlle churc� . Topograph i o . 1  map . h u ,  7J 

�!:�:"nd SO . N O .  � o l o � i C l I  .. p . h U l  1 1 1  Kappe l s -

Vh �:�:�k:��
t i o n  . I ong the n o r t he .n,""" p o i n ,  ml o f  

H�JHil1t Sed8 , u n i t  b (Hede ' .  l o c a l  u n i t o .  a, b, 
and o) . C r e y ,  f i n .  � •• in.d. a r � i  \ l aeeoul 1 i""' a ton" 
,ich i " bryozo.nl . C I J - 2 8 , - 2 9 , - 3 0 ,  -)1 (a l i KL) . 
Tent.cul i t i d o :  7""ta",�ht"" liquis . P.,f' .. -..e�ces, Hede 1 9 J 1 .  p .  2 3 ,  b o t t o  .. e l _vrn l i n  .. , 
p. 2 1, .  l i nra l - J S  ( c o n , . i n .  li . .  o f  fo u i h  f TO" 
Nuur.d u e t i on ) ,  p. 2 5 ,  f i g .  1 0 .  

S I UJXNS l ,  H 01'f1"(l  S .. Js ,  u n i t  b .  L i � h '  b l  ... . .  h-grey 
.. a r l  o t u n e  lod 4 T g i l l aoeou. l i..., o t o n e .  G 15-1B K L .  
Tenuc u l i t i d . :  O dø s s i t  .. a . p .  

S I Go�S l ,  6 ) 4 )20 16bOOO ( C J  4 6 0 �  " 1 16 1 ,  c • .  2500 lO S S E  
o f  R o n e  c h y r e h .  Topo � r a p h i c . 1  roap Ih e U S I  KOburge n .  
1/0 , 5 J  lIe . .  oe N V .  c..o l o g i c a l  ",p .h ut A. 164 H�,," o .  

O i t c h  n c t i ol\ r"nn i n �  c a .  20  Il Nil o f  t he 1 . .  , 1 1  ro.d 
b e t  .. un  ,l, l . rve and .outh point 1 5 . 8 1 ,  ca. 100 Il Sil o f  
the fiv "  ...... ay j u n c t i o n  NE o f  " t a . v e .  Th" loc a l i t y  co .... 
pri .... the d i o tanc. O . I � O  .. SW of ,he re h rence p<l i n t .  

R .. { e  ...  "o .. poi � t :  T h e  NE . n d  o f  t h "  d i t c h .  
E�" S"da . Y . l l o  .. i lh- . n d  b.o"" i . h-�r"y .. a r l  .nd 

... r l o to n e .  Cot 16-21 S 8 ,  S�H (unnu .. bered u .. p l u ) .  
hn ta c u l i t i d . :  Odl!øsi tu pl'Olat"s, T.>! taau li tu 
hi"i rI'J�M. , T .  obll tipwr. 

S I GfJI.IoE l,  S l i :  .. BldJ:r , S l i t e Ha . I ,  north1Jute rn..,u 
p a r t .  L i g h t  g r " . n i . h - and bro""ish-�r"y ... r t  and 
• •  g i l 1 3c"ou. li .... ston •. I1S 8510. T"ntac u l i t i d . :  Iltm

""ccn .... aClitolis, S.""tit .. a '  ""l'qabi li8, 1'l< ...... litee 
[ollil1"boa>1llie, T. s t i ti6rui". 

SICSARVf l, E�" Blds, lo"er P l r t . C.""nioh-g."y .. � r l .  
� S  1 1 6 .  Tentacul i t i d . ,  �one . 

S I CSARI"ESTRA.�D I, 6 � 1 96 2  1 666 9 5 (CK 5882 1 6 8 7 ) ,  c a .  
� l S O . ),11 o f  HanIvar c h u r c h .  Topoguph i c . 1  .. p .hu t 
1J F 5 r3 5u n d  SV & N Y .  Ceo l o � i s k  .... p Ih ut A. 1 7 1  
�ap

���;�
�
=:� t i o n  C l .  1500 . .  N o f  t h e  northe rn.., . .  

c o t t a Re U S i �  . .  r� . .  t r.nd . 
UpPflI' Via"y Seda. Cruni .h-RreY .. l r l .  lIS 'J06 . 

T.ntac u l i t i d o :  A l tc�atua' . p . , Got Lan dor l li ta" a ... o !a-
t"". Se ... tie..II ' ",a tal'(lc t"" . 

R .. [ .. rc � ("M : l'Iede 1 9 ) ) ,  p. 1 4 ,  pen" l t i  ... t. l i n e .  

SICVAl.Of. l .  H"m(J" &,,/$ , \ ""er p a rt . P o c � e  . .  o f  
g r e e n i s h - a n d  hro\lTl i .h-�rey . . .  r l  i n  l i _ n "" • •  i c h  i n  
c r i n o i d s  a n d  s t r o  .. toporo i d  • •  li S  l l � ,  2 1 4 ,  4 6 � , 602 . 
T.nuc u l i t i d � :  A l te""atus' .p . ,  Di","':ccCC>l"" t,,�1ti"8i
"K<8 ? ,  Ode�ai t611 J8N ti .. �"iil . 

S I N�ARVE l, Sli t. a.da , S l i t . �a r l ,  CO>1&ridi"", t .. -
"uia tl'i atW'7 lie d  •• [ n t e r c a l a t ions of h r own i l h - ... r�y .. a r !  
i n  denu , . ..  i l l e o�oul l i _ H o n " .  I1S 1 1 1 , 1 1 8 .  Ten
te c u l i t i d . :  lltoMecccmt<G 0!il1tianwr 1 ,  IX,,"':ecctm"" . p .  

SJALSI) I , 6 1 9 9 5 S 1 6 S206 (CJ 4 2 4 1, 9 80 7 l , c • •  10 0 S 0  . .  11 
o f  V h t k i nde c h u rc h .  Topo • .,ph i c . l  .... p IheH 6J Ro_ 

��n!.�
' C.o l o . i c l l  ",IP .nut Aa 1 8 3  V i s b y  & L"""", -

Shor" e�po.u." �I. 2�0 .. N�E o f  the d i t c h  Ind ro.d 
i n , e .o " c l ion a t  S j l l . o .  Cl. 1 50 lO �E o f  the p i  l l -box.  

!::t�:�:
u
:: !�e 

a
�:�� �

h� n...., rou. e m t i c  b o u l d e T l  

/.rue,. Vi"by &.dII . G ... " n i .h-�rey ru r l Ind ... r l s t o n e .  
C 7 2 - � 2  K L ,  G 1 /, - 5  K L ,  -6 K l .  T e n t a c u l  i t i d . :  Cotl""deL
Li tea vi"by .. ""ie, S. "" titu? �:ri l ill . 

SJALS/j 2. 6 1 9 9 1 �  1 6 5 2 2 5  (CJ � 2 6 1  9S2 0 ) ,  c a .  1090 • 
IIX\I of V h t � i nde churc h .  Topo�ra p h i c . l  _p , h U l  6J 

�=e��n�a�
O ' C e o l o � i c . l  rup .h e e t "'a l S l  Y i . b y  6 

L"" c l i f f n c t i o n lbovr buch , o n S . i d e o f llO u t h  
o f  s . . .  l l  I t r.�11 SW o f  Kro�vik" n ,  600 Il NE o f  th� 
nonh.ast" rnlllOot hou81 a t  sjlt.tl F i .keha"". 



t.cu.2o Vi.bh' a.d. . Gny .. ri and _rlltone . G 75-5 
MI, S_ (""n .. IHu·ild .a.l . .  ). Tenta�u l i t .i d t :  Got z..z,,� .tZlu. I>'i.bv""�'. R.!.1YNM1: Hede 1940, p. 10. l i  ... U fro. the 
I>ott_ (nfennce to th. uaa in ..... nl ) .  

SULASAl!DSVlk l .  643083 1 70795 ( al:  0052 2�92 ) .  � • •  

1500 . !  o f  the t d  ... ",lation point 2 2 . 3  a t  IAn . .  n"-
• k i t t e .  Topo8uphi�al _p .h.n 7X. UlhMU liV. c.o-
10Iical .. p .hut Aa 180 ,Idl . 

Shore .. cdon at th. , .. U point on the SW Ihou at 
Skal ... ndnik, <:11 . 900 . EN! of the fidd cronroad. 
G 13-8 KL. t.nt.eul i t i d a :  lIona. R.!.rwnael: lIed. 1936. p .  n ,  I>otto. t_nty-four 
l i  ... . .  p.  l4. lin .. l .... (eonuin. Hit o f  fOl lnl t ...... 
_ .. uud .. �tion) . 

BAK! l. N."., Bad. • ..,it a .  Int.rcalation. of 
"«I""ith-8uy _rl in fin • •  r.in.d ti • •  ton •• l1S 1 79 .  
3-2 . T.nt.eul i t i d a :  IIon • •  

SllXRET l .  6325 18  165J82 ( C J  Jl52 2378 ) .  ca . 2 5 2 3  • [S! 
of Oj. ehur�h. Topolr.phieal .. p .heet 51 lIobur8.n 
NO ' 5J Il .... lIV .  Ceol081�d .. p ahe.t Aa 152 Bur8a
.,ik.  

Low ahou npolun on the aouchotrn .id. o f  the 
• _1I point SW o f  Skln c .  

6 0/1fN  a.dø . Y.U_ilh-bro"" ... r l .  G 7)-79 KL .  
Tlnta�ul i t ! d a :  LoncJridi"", ,:tu"I"". L .  flZ"OItli>l{}� 
_1. L . lAdor"t"'. 

StJ.nulLUIl 2. UJl03 16937J (o: 8637 262 1 ) .  �a. 6000 
• IN of flrll ehur�h. TopoBuphieal IKP ahut 7J firlI
lund SO '  1«) .  GotolOI;cal .. p Ihut .... 180 fhlL 

C U f f  uction. c • •  SD . alonB the Iho u .  c • •  1 1 20 . 
M o f  the trhnBuhtion ptlint at lAuurhorn. 

R,!u .. "o. poi"t: Vertieal � U ov .. rk;nl n rou8hly 
the .iddh of thl ."P0lun . 

R.!'N"o. z.."" l :  B ... of eo.r n .  bryozo.n-crinoidd . 
d.trit.l li.aton. ( .. rk.d by . horizontal y.ll_ l in.) 
ove rlyinl • 60 c . .. "u.n�. of elt.matinl .. r i  and 
bro .... i.h. d.n .. c.ld lut i te .  

H""k ti"t Bla.. • • iddte p.n . Irovni.h-any .. r l oton. 
.nd ulilloceoul l i.lton • •  G 74-7) KL. G 75- 1 I  KL. 
-12 KL .  T.ntacul i t i d . :  Te"t"""lit", tiqui., n.""" ti t •• 
fo Hi"flbOl ... i • •  

Re!'N"o..' lI.d. 1916. pp. 1 )-14 (ref.un". to tk. 
u.a in g.nera l ) .  

s�TKALLl.R 3 .  1>43051 11>93-62 (o: 8622 B70l . c a .  �650 . 
MW of Fhll chureh . Topognphic.1 •• p ah.et 7J ftrll-
• und SO & 110. Geo lo,ic.l .. p .hut A. lØO Hrll. 

Shou '.polure fr.,. c'. 100 . S o f  the .outh.rn 
• hor. of the .... 11 point n._d SllIthlll l l r  (.nd e •• 

700 . IINW of the tr i.ngullt ion point at Laut.rhorn) 
.outh"ard • •  lon8 tke ahore unt i l eoverinl b •• ch ln"el 
.nd. the condnuou. upo.ure. Th • •  "potun hu . Iroup 
of bioh."", in itl e.ntnl p.n. 

H"fIkZi"t Bldø • •  iddl" p.n .  Br"""i.h-,ny .r,il
I .c.ou. l i"Hon • •  Got 75-�2 KL. Tenucul i t i d l :  
T""t.a",, ZiI:4l' lim:Jtul .... 1'. liqtri • •  

R,!,,'L'I�" H"d.  1931>, pp. 1 3- I �  ( referene. to the  
....  in ,.n  ... I ) .  

SLiTEBRO'IT[T I .  Stiw Bld., S l i t.  Mar i .  Greeni.h-8ny 
... r l  .nd .nIHon • •  MS :lO .  32 .  482. G 7)-2 Cl. T.n
t.cul i t i d l :  T,.,.."..litl. , U ri,,",i • •  

SMISS I .  Kli"WNI'g B l da .  Klinub.rs Mar i .  Ir"""ith
... y •• rI .nd c.le.nout ... r I " 'on • •  Got 74-40 SB. 
T.nt.eu l i t idl '  l>icI"'iooco>lull a.""" t,.. . 

SMISSIlAClfiIl l. 6 38695 166877 (CJ 5818 8420) . c •. 2640 
• III of 1111nn. church . TopolUphic.1 _p .heet 6J 
Ro .. MV ' NO. Geolo8ic.1 alP .hut Aa 169 S l i t e .  

O i t ch  .. e t ion f r.,. the  ro.d ( no t  ..  r�.d on the 
toP08r.phie.l .... p .h • •  t l  to Lin. Myr "hieh l iea ca. 

��t�. �� �!r�:� ;:·�h:
o
!::1 � .. !:� ��:r

:::� i:� �:�_ 
tin"," e • •  120 1\ sw .nd th.n e • .  20 . SE. 

R,!QN"otI poi"t: the ri8ht-.nSled b.nd in Ch. ditch .  
H a l l a  Bea.. , .. iddle p.rt . Gr.y. d.n .. . . l i Jhtly 

orlil l.ceou • •  nd l i  •• tcn • •  T.nt.cu l i t i d . :  Ilone . 
R'!'N"'UU" H.d. 1928. p. 48. bou ... four linn. 

.nd p .  4 9 .  l i n  .. 1-3 (cont.inl l i . t  of fou i l . ) .  

S!1OJGE l .  HaU<l Blw.. lo .. .  r p.rt. Marly int.rc.lation. 
in ,r .. ni.h-,ny. denn • •  i l ty li_"'"" • •  MS 830. 831 , 
855. 858. T.nucul it id" Mone. 

SNiiCKGARDSBADEIl l, /JppIr Yisbl/ Bldn. upper p.rt . 
Browni.h-8r"y .. r I  .nd .rgi l l le.ou. l i_lton •• MS 428. 
429 . 430. C 72-2 KL. -l KL. G 74-56 KL. T"nueul i t i d o :  
H w I"PIol CUl !  .p • • Go t l4t1dø lliu. aracla�. Se,..., titu' 
• ri li • .  

SNAUVALOS I ,  H ø  ... , Bødø . Ilc .... Kor l .  �orttN .. tc", p.rt. 
Blui.h-ørey ealc.uoUI Iha l e .  MS 670 . C 72-99 KL. 
T.ntlcu l i t id" None . 

SIlEVIOE l .  6)�006 165163 (CJ 3946 3862 l ,  e •• lJoOO . 
ISE of Ha"dh • •  ehureh. TOPo8raphie.l ... p Iheet 51 
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& 5J Ile .... NV. Geologi".1 ... p .heet 

the ���;:r!:!� i:!.!
n 
o� r;:

h 
"��:;'�I �

.
:�

� 
S��,,7d:�

E
�! 

••• t l  ro.d runl to • d .... p. 
R'!.N"CW poi"t: Th. junct i"" bet""�n the .... 11 

road and the trench. Sn.vide l co",pri ... the dit t.nc. 
0-150 .. EIIE of th. junetion. 

E'k. Blw. , lo .... r p  .. t .  6ro""ish- .nd blui sh-grey 
.... r l  and .røil laco,ou. l i  .... ton. dch in .lgu. G 75-9 
KL. Got 76-27 SI. T.nt.cul i t i d l :  Od.>uiua p"" lat>< • •  

SNIPPSIIYTE l .  634109 1651 13  ( CJ  3705 3'184 ) .  ca .  1500 . 
IN of H.vdh •• church. TopoSraphic.l ... p .hen 51 110-��:!:� NO , 5J Il ..... lIV. GeolOlic.1 .. p ohut A. 164 

Ditch nction 100 . NE of the ro.d and dit"k inler
uction at Snipplnyt • •  

Hø_e Bor w. ,  H ..... M.rl . Btui lh-8r.y .. .  r I  .nd . .  ul
aton .. .  MS 558 .  T.nt.cu l i t ida :  Non� . 

tro
=ef��;:""::

;,.
�rt instOn 1967 .  p. HO. l i n  . .  l()- \ l  

SNOD€R I .  H.fI'r8ft Bedor. H ...... Mor i .  northv .. t . rn  par t .  
Blui .h-lre, . a r l .  c.lc.r.ou. Ih.le .nd ar8ilhceou. 
l i_uone. MS 156. 4J1 . n8. G 73-72 KL, -7] KL. 
Tent.cul i t i d o :  Oicl"'i""""", ... aø"'l< lu • •  
SNOD!R 2 .  He"",. Søw.. H ..... M.r l .  north"uurn p.rt . 
Uui oh-luy ... rI  and ar,il l.c.oua l i_atone. MS 62 7 .  
869 .  874. G 7 2-) l  KL. Tent.c"l i t i d l : [)icI"'iCCCCJIWll mI""'I .... Odizui tø • •  p .  

SOJVIDt: l .  1>37798 l64S28 ( C J  3403 nos ) .  ca. 19H . SW 
of E.".lh •• church . Topo8r.phicel .. p Ihut 61 Vioby 
NO . Gotolosie.l "p lhee t A. 160 Kl inteha"",. 

O'tel . .. et ion 2S • Sil of the ditch .nd ro.d i�ter
uction. e •. 825 . lI of th. cronro.d. at Sojvide. 

SUt. Beds. ConeIridi"", t"" ... :"tl"'io/;Ul!l b.d • •  Grey 
... rI .nd •• r laton • •  MS 798. G 7]-59 KL. T.ntacul i t i d s ,  
A l te�at ... � .p . ,  [)icn""""",WlI c/in tim .... n. ..... tiU. 
!olli"flbo .. "" i, ?  

R.!."""ou: H�d. 1921 .  p .  28 . l in. 2 2 .  

SOI..XLlNT l .  640208 1 6 78 1 9  (U 686 7  9856 l .  � • .  125 .. 
NNloI of S l i t. churoh. Topographieel ..... p .h .. e t  7J Flrll
lund SO & NO. Geologie.l up ahut A' 169 S l i t � .  

Inl.nd c i i f f  .. e t  i on  on .he  ustern . i d �  of .h. 
h i l l  Solk l in t .  c • .  1 5 ., E  of th ll.in ro.d .nd Ca. 
100 • S of ,he .... in "rostro.d. NtI'oi of the �hurch. 

at �:f=���� pot"t , Th. north""ote rnfllOH red .,xpOI'''. 

Slite Bord.. : unit (J .  Poeke .. of •• rl in grunilh
sroy, den.� lillelton • •  MS 551. 569 . 628 .  880 . C ])-61 
KL. T.nt.cul i t i d . :  A t t.nlatuB' .pp ••  Dicl"'iooC<:mWll 
di"ti<m ... . D. g�e"icWll . Tu""",litB8 .!iti."øi • • 

l i
'::!:::-:��' :  H�d� 1928, p. 14. I ln. 1 1 .  p. 26 . 

SPILLINCS I .  S ! i t ø  lieds. un i t  g .  Intere.ln iona of gr�y 
_ri in �rinoid.l l i_Itone. liS )49, 628. 7S9. T.n
taeul i t id. :  A l t"nlatu,,? 'p .• r>iori,xJ(x",,,,, cH>ltianWll ? , 
Tt......a tite" a Ziti .... i a .  

STAJNKRDGEII l ,  639868 165239 (CJ 4270 9714 ) ,  "a .  
3750 • Il of Vliltkinde �hureh .  Topooguphic.l .ap ,h"�t 
��"!""'7�

n
:�

.
' NO. C.ologie.l .. ap Ih�et A.I 183 Vi ,by & 

Ro.d o�ction i ..... diet.ly SE of the road. c •• 450 • 
SW of poin, ) 5 . 88 .  

H/JfIkli"t liew. . PoCke t. of bro .... i .h-grey ... r I  in  
d.nu l i,.uton • •  liS 774 .  To,ntacu l i t i d o , Non • .  

R"!,,re"CQ,,: Hed.  1 940 .  p .  n .  l i nu 2]-28 .  

STAVE l .  Stite BldLJ , S l i te llar l .  B luish-grey url .nd 
.rgi l l.c.ou, l i  .... ton •• liS 74, G 73-40 Kl.. . r.nt.cul i
t i d l :  r>iori""""",,,,, acutali,, ' .  D. oli"tia..WlI' . D. g:<t"i
oua .  S<!retitu? l)fl!"8abi/i., :r.."""tiU. !oHi"gboimais. 
T. a l i ti" ... i " .  

STENSTU I .  637537 1674)1 (CJ 6216 7224 ) ,  ca .  l I SO .. 
SSE of Anllo chu.cl-t. Topographie.l .... p oh .. n 6J Ro .. 
NV & NO. Geo logie.l ... p .heet A. 170 Kttth ...... rovik . 

Oiteh uction i_diately W of the ro.d .nd d i cch 
int.ro.et ion .t point 1 2 . 8 .  c • •  315 . SSW of the 
e .. t.rnfllOst hou.� at Sctnotugu. 

KU"t.bel"(J BedlJ .  upper put. Poeketl of browni.h
�::: .

Ill.rl in den .. li ... lton • .  MS 636.' T.nt.culi t id. :  

STEIlSTtlGARDS 2 ,  637�67 16�709 (CJ 4555 1285 ) .  e • •  2000 
• WIIW of villlau chureh. topolnphi�.l _p ahut 6J 
l\.- SV. Gotolol;e.l a.ip .hut Aa 160 Klint.hun. 

Ditch uction e • •  1 70 .  Il o f  the rod .nd d i c ch 
int.rMetion. 

aall<:! a.dø • •  iddl. part . Bluiah- to brovnilh-Ir.y. 
ti", .r.in.d li_aton • •  T.ntacul i t i d . :  lIon •• 

R.!.N"o..: lied. 1927 • •  p .  l4. lin .. 33-l� . 

STOlA !AMI l, Stite a.a.. unit g .  Incerc.hti"". of 
brovni.h-sr .. y .. rl in fin. luin.d li_,ton. dch in 
Itr ..... topo«l i d l .  MS 186, Ul. T.nueul i t i d a :  lIon •• 

STOV. Dlppo\N l, 633625 164697 (CJ 325l 35))) , e •• 
2775 . 11\1  of IIb church. Toptllr.phic.1 .. p Ihut S l  
Ho .. url·n llO . 5J H  .... m'. Gotololic.l .. p .heet 
Aa 152 'url • .,i ... . 

l)iteh expoaun i_di.Uly Sil of the erollroad. 1Il'. 
O f SL O.ppan. 

a ..... a.dø. H .... Mari . north_.um p.rc. Gr.,. 
.. rloton. and d.nu arli l l.clK> u. li.aton •• G 1)-99 
IL. Tenueul i d d o :  Non •• 

STORA HAJSLIIIIOS l ,  n. Bld.. l""",....,,,, p.rt . Poc .... to 
of Ir •• nilh-Ir.y _rl in fin. luin.d • •  rli l lec..,u. 
li_non • •  K.S 666. T.ntaculit idl : Odø .. ite. pl'Oktt .... 

STOM IrfRl! l. Stite Blw. . uni t d. Br"""ilh-,uy _arl 
.nd. fin. 8r.in.d. "Iill.c.ou. li.aton •• KS )  •• 1 2 7 .  
145 .  1 6 2 .  407 .  575 .  G 72-15 )(L .  T.nt.cul i t id a : 1U1'I!IQ_ 
Ute. !ol lirrgOO' ... i.? T. I liti .... .:,,? 

STOV. VID! l. SUU Bad.. un i t  {j .  Int.rc.lationl of 
br"""i.h ... r I  in line ar.in.d. den •• U .... ton • •  I'1S 
549.  G a-55 KL. T.nt.cul icidl : " lt..,""a�? .p • •  :rw..ali u. !o t ti"{/b,-,.i • •  

STOnURG l .  Hamra Bed6. Int.rcahtionl .nd ptlek.u of 
brovni.h-lrey ... rl in r •• f l i_.ton� .nd d.nu crinoid
al l i  ... uon • •  MS 7 ,  41. 4 3 , � .  204 . H7. 250. 256. 
264. )l6. 426. 427. 439 . 459. T.nt."ulhid" o.wuiu. 
mai.tl"'i, ... i •• o.wui u. Ip . 

SroUURG 2 .  SlOIdZ'I Borda. upp.r p.�t . Poek .. u of 
,r .. nish-iuy ... rI  in d.n .. c rinoid.1 l i  .... one . MS 
106. 166 .  200. 325 . H7 .  Tentacu l i t i d a :  lion� .  

STORKYR I .  Slite Bea.. S l i t. M.r l .  north ...  , c . ",  p.rt . 
Gny _ri and den .. ulilhceou. li •• tone. liS 857 .  
t.nt.cul i t idl : llon • .  

STIUJIDS l ,  H an!J'"<l  b.da . unit b .  Browni.h-8UY • •  r l .  MS 
600 . T.nt.eul i t ida : llone • 

STIUJIDS 2. 6324 1 ]  IH925 (CJ 3)92 2 3 1 1 ) . c •• 5900 lO 
NIlE of VI .. l inlbo church. Topo8uphie.l ... p sh.", 51 
Hoburg.n SO ' 5J SV. G.oI08ie.1 ... p .keet A. 152 
Bur,."ik .  

Ditck ."ptlaur. 10 . E of the rO.d. c • •  SD . Il of 
point � .  70 IiE of Stund • •  

Hamra a.a.. , W'lit b .  Browni.h-8rey .... r ! .  G 15-17 KL .  
T.nt.�u l i t i d l :  l.cr!cJridi_ {j1'01lt li>lf1bOl"u ! .  Umohidi"", 
""':diz. tN . 

STIIA l(AlJ(!R1JIt l. 1>42163 168916 (Cil 8110 1720) . c • .  

BOO • JfII of a"" • •  ehur�h .  TOPD8raphicai .... p .keet 7J 
�!::und 50 . NO. G..,lo.i�.1 .... p .hut A. 171 K.ppe lo-

at �:����
ed qu.rry i_diat�ly SW of the CTOlo rO.d. 

R.!.""ncw po.:"t: The northw.uHn �orner of the 
"u.rry. 

Slitø BIla.. . Interc.l&t i", .. of l ilht gny ... r l  in 
denu . fine guined l i_uon •• C 73-32 KL. t.n'.cul i
t i d  . .  None. 

SUDEUYS l, 638740 167434 (CJ 6111 842 2 ) .  c • •  9SD .. 
\IN\l of Goth .. , ehurch. Top08raphieal "'p sh.U bJ Ro .. 
MV , NO. Geolollical ... p .hut A. 169 Sl  i t� .  

Oitch e.polure i .... di.tely NE of th. ro.d . e • •  l SO 
• ENE of the nonh .... urn..,at houu at SudHby • • 

Kli"teb4>'!1 Elftda. ""it b .  'ock.u of bro""iah-grey 
.... r I  in denu l i_uone . liS 637. t.nt.cul i t id' :  Non •• 

SUD!RJYS 2 .  63873� 167454 (CJ 6390 84 15) . ca. 725 • 

IINW of Go ..... church .  TOI>08r.phicel ... p aheH 6J R .... 
NY , 110. Geologic.l ..... p .heet A. 1�9 S l i t e .  

D i t ch  •• c t ion i_dietely NE  of t '"  ro.d , c • •  125 . 
E of t'" north .... urnllOot  house .' Sud.rby •• The 
loe.l i t y  i .  S of the SE corner of t'" I.a l l  foru t .  

KZi�ubc't"[J Borw. • ..,it b .  Pocket. of bn",nilh-grey 
....rl in d.nu l i  ... atone. MS 638. 90� . T.nta"u l i t i d a :  
T." tao"li t". f1C th_ ... i,, ! . 

SIJDERSANDSVIKEII I .  642966 1 70260 (CK 9S10 2 4 1 7 ) .  c • •  

525 . N l  of t h e  tri.n8u ladon ptl int 2 0 . 4  H C"IOOr
ha_aun. Toptl8Uphic.l •• p ahut 7K Ul hhau NV. Geo-
10,ic.I •• p .he. t A. I80 rIr1l. 

Shor. �.po.ure on the Sil .hore of Sud.rund."iken. 
� • .  275 • NE of the house north of r in C .. ..,I" •• 

S h u  Blw. . Slite Kar l .  .ro .... i.h-8uy .... d aton • •  nd 
fin. cr.ined. u8il lec"ou. l i_uon •• C 7)-9 KL. 
!:;��!: tid' :  t>icl"'i(!()(J'OO'" lI�t"ic"", t'roC'tabitOP8iø 

SUDERS�TT l. KLi"tlb."" BøiUl . lover part . Inter
c.lotion. of Ir .. ni.h-8r .. y .... rI in fin' 8rain.d . 
• r,il lac.ou. l i_"'on •• MS 828 . T.nt.cu l i t i d s :  Non • •  

SUIIIIJ(YR!<I I .  n. Borda. lo .. .  r p.rt . Gr • •  n i l h - and 
browni.h-Iny ur l .  Cot 76-18 SB. Tentaeul i t i d l :  
A l te,...ae...? I p .  

SVANXSUDD l ,  639740 16 1894 (U 6906 9384 l .  e • •  lJ75 . 
SE of iloS" �hur"h . TopoSrapkical ... p .hut 6J RoIrIa IIY 
a NO . c..olo.ie.l ... p .he .. t Aa I69 S ! i t  • •  

Shor . ..  ""o.ure at th. point S E  o f  Gyl.,ik.n. c • •  

2 0 0  • NIIE of t h e  hou"" S E  of Sud.r"ik. 
SUt. Bld. . Sliu Mar i .  Browni.h-8rey arlli l ' .c.oul 

l i.lton�. G 73-43 KL. T.nt.eul i . id" Non •• 

SVARVARI! l. Slite B.da , S l i t  .. Mor i ,  Pø>ltaolerwa {/Ot
l.øuii""" B.ds. Cr.y ... rI, .. rhto"" and .. g i l l.c.ou. 
Ii.no"" . KS 4. 54. 56. 68 , 123 . 1 3 7 . 143 . 159 . 270 .  
)46 . C 72-19 KL. C 74-68 KL, Got 75-6 S6. -7 58 ,  
G 75-3 B MIl .  t�nt.cul i t i d l '  A t Urnatuø? .p • • l>icl"'ioo
",,"WlI a/i"till7llo<6. D. ,,<>aI'"I!ar'iø ... i • .  

SVARYARE 2 .  63-6336 1610416 (CJ 1 1 7 8  6155) . c a .  19bO lO 
11511 of Kl inc. chureh .  TopoKraphi�al ... p "hut 61 Vi.by 
SO. Geolo�i�.l .. p oh .. .., A. 11>0 Kl int.h .... . 

Ditch o,xpolu.e .nd .. teri.l du& out frOlO ditch 
60 lO l o f the int.u.ction c f  the d i teh .nd ... in rO.d. 
NNW of S".rv.r. (60 . . E o f S.,arvare l ) .  

Slite B.w. . S l ie. Kar l .  upperaost p . . . .  Gny . .  arl 
and _r\o ton • •  C 75-)A MB. T.,ntacu l i t i d . , l>icri�WlI 
cU"tia ...... . 

SVARVARE 3 .  636336 16�494 (CJ 1170 625&) . ca. 2020 Ol 
IISli of Klint. chureh. Toptlsnphie.l .. p .he.., 6i Vi.by 
SO. Geologic.l _p Ihut A. 160 Kl int.h ..... 

Dit"h upo.ur� i_diare ly E of ... in road • •  t the 
aouth o f  .h. cul"",n .. he.e the di.eh fro. the W .id .. 
of th� ro.d .... u the N-S di tch (JO " N of Sv .. var� I ) .  

Slit. &"w. .  S l i t e  Mar i .  Gny . .  rI  .nd . .  rllton • •  
G a-lC M� .  t.ntacul i t i d . :  ()i criC'CCOtlWll .""1"IIari .... iø. 
D. valli .... i •. 

SVARVEN l. HtJakti"t a.da . Br"""i.h-,rey .. ri .nd er�i l
l.ecou. l i_tton • •  i'\S 667 .  668, 707 , 708, 709 . 879, 
C 73-60 KL. T�nt.cu l i t i d . :  A tternatuB? ,p. , S<!retitu' 
""'!anlOtaø. T.ntaculitu lu..:rtl<l .... T. Uquia. 

SYSNE l. 636698 168506 (CJ 7281 6306) , c • •  SOOO .. ESI 
of G_ 18arn ehureh. topo,r.phical .. p .hut 6J Ro .. 
SO. Geologic.l ... p .hee t Aa 1 70 K.tth ...... rovi .. , 

Se"tion i�diat. I , E o f t'" road . c •. 280 . S511 
of the "utern.o" crostroad. at Syln� . 

Hø ... ø S.dor, uni t  d. IIr"""i.h-gr.,y •• rl .nd .�Sil
lac.oUl l i  .. " 'on" . G 7 1-7 KL, G 74-28 KL. Tentacul i
tid" Alt .. rnat",, ? sPP. Odø.øitu in!kttuB. 

Rø!et'l�CJf/!a: H .. d� 1929. p .  42. bott"," t".lv. lin . . .  
p . 44 .  l i n  .. 1-2 (eont.in. l i o <  fo foll i l l ) . 

SYSNEUDD I .  616605 168515 (CJ 7285 62 12 ) . c'. 4650 .. 
SSE of O.terg.rn �hurch. TopolUphic.t .... p .heet 6J 
Ro_ SO. G .. ologic.l ... p Ih •• t Ao 170 K.uh",,,,,,r.,,ilt . 

Shor • •• po.un at the .xtu_ point of Sy.neudd. 
H",..e Bld.. . unit d. Gr.y. co.r .. greined. orinoid.l 

l i_ston • •  T.nt.�u l i t id. ,  A l w,.,.."tua? .p • •  Odeøsi tu 
i�flatuø . 

Rø!.rø"cw. : Hede 1929 . p. 4 2 .  l inet )-6 (concain. 
l i l t of foui ls ) . 

TiillGLINGS I. H""", .. BødLJ . 1"".r-.iddlQ P.rt . Interc_l.
tion. of bro""i.h-gny .... rl in l i  ..... ton. rieh in 
atro .. toparo id • •  HS l07 . 129 .  394 . 465 .  Tent.eu l i . i d  . .  
Alt.rnatuø! .p • •  l>icriooC<:ml<8 """",l",, ' .  D. t""ui",,i
-.. 1 .  Odenitf/!8 gftrene ... ": • •  

TJliNGLINGS 2 .  Hø""' .. Sew. . 10"H-. .  iddl� p.rt . Intercala
t ion. of browni.h-�rey ... r l  in . l i ghtly .r"!i l l aceoul 
li_lton�. MS 656. C 72-63 KL. T.nt.cul i t i d s :  :;une. 

Silurian tentaculitids from Gotland and Scania 1 79 

TASS l. 63-6786 165340 (CJ 4 1 1� 6635) . c • •  800 .. ESt: of 
Ilejde chureh. Toptllraphical .. p ,hen 6J ...... SV. 

Abandoned q .... rry ca. 4 7 5 . ESI of thot .. in ero .. -
ro.d. E o f ll.jd • •  n... "u.rry i . ..  ar .... d on the topo
luphical ... p lkeet .  

Xli"toIbft/V a.dø , l_r part . Intarealltion. of 
It •• nilh-.r.y .. ri in d.n .. crinoidal li.aton • •  G 7)
S(, KL.  T.ntae"Ut i d o :  lIon •• 

TIIIGS l. Kti"teN/V a.a.. , unit !. Poek.t, of browniah
luy url in fine luin.d U .. oton, rich in .trOlallco
ptlro; d l .  K.S 6 18 . 6 1 9 .  T.nta"ul i t i d a :  !tone. 

tJXlIGllAJIVI: l. 6,,1IOØ' Sea.. . Il ..... Marl ,  louth .. atern 
p.rt. Brovni.h- .nd yellovi.h-grtoy _rl .nd .. rhton •• 
MS 259. 261 . G 75-10 KL. T.nueul i t i d . ,  A lUl"tIatua ? 
.p • •  l>iC'1'i""""", ... u..ui .. """". Oa. .. ite. i"[l.atua . 

TJAIJI"!T l, Slit. a.a. ,  unit • • Intere.l.tion. of 
br"""i.h-Iny •• r l  in d.nu li .. aton •• G n-�o KL. 
T.ntacul i t i d . : None. 

TJILDUSH01..M l. SU t. BldlJ. p,," __ � gotl4t1di ..... 
hd. - Atll'pa røti""Zari" ledl. Inur�.lationl of 
brovni.h-gr.y •• rl in d.n ... . rli lhc.oul l i_tt""e . 
liS H3. 7" . 856. G 7)-45 lL. T.nucul i c ida :  Altel"'!'lQ
� ? p • •  l>icr.:"""""',.. =ta Li., D • •  tf . {J'<t>lioua. 
D. <>alLi .... i ø .  

TJULS l .  Slite B,w. .  S I  i .. MarI • • iddle p.rt .  Gu, 
.. ri .nd d.n .. . . r,i l lle.ou. u .. t ton .. .  K.S 7 5 2 .  To,n
ueul i t i d a :  A ltematua 1 .pp •• [)icr'i<K>CCl1U1 oli"t'i<1l1 .... 
D. <>alli .... i a ? ,  n.I""I<tLi te" !oHi""bce ... iø ? 

TJULS 2. 0000 0000. ca. 3275 . IIlIl of S.nd. chureh . 
Topogr.phic.l 11011' .hen 61 Vi.by SO. Geol08ica! .. p 
• hut A. 160 Klint.h .... . 

o..-p"d roek fro . . ... 11 diuing .t 637282 164605 
(U )440 7185) i_di.uly MW of the ro.d .nd d i tch 
interuction .t Tjuh. Th .. diAp i • •  i tuated at 617277 
164608 ( C J  34U 1188) . 

Slit. Bødø . Gny •• rI .nd .rgi l l ae""ua U_tton". 
K.S 897 .  T.ntacu l i t i d a :  AIUl"ItatUl? Ip • •  Tworoaliu. 
!olli""OO' ... i •• 

TJULS l .  631284 164610 (CJ 3445 7 187 ) , c • •  3260 . lINE 
of S.nd. churck. Topo8uphieal llap aheet 6l Vilby SO. 
GeoIOli�al .. p .he.t Aa 160 U inuh .... 

Oitch •• polur. i .... diat.ly NE of th. ro.d .nd ditch 
int.u.etion .t Tjuh. 

S t i u  a.dLJ . Gr •• ni .h-guy .. rI  .nd .r8 i l l .e.ou • 
l ilMston • .  MS 898. t.ntacul i c i d l : Altøl"tlat ... ? p • •  

l>icrioo""",.. oli"ri= .... SeNtiu.? .... r'abili'. 
Tt. ..... tiu. !o Hi""boø ... iø.  

TOJVlK I. 6H858 16%27 (CK 8795 1l61 ) .  c' . 5250 . ESE 
of Bun8e church. Topo8nphic.l ... p ,h ... 7J Fhll.und 
SO & NO. Geol08ieal rup .h .. t Aa 180 fhll. 

Shou •• po.ur. on the SW .hore of the penin.ul. of 
RYllnh. c • .  825 . 11\1 of the tri""8uhtion point at 
RYllnh . 

Slit. B"a. , Sl i te  I'Iar l .  Gruni.k- .nd bro""ioh-�rey, 
.iltJ ... rl and .. r \o ton� . G 13-17 KL. T.n,.cu l i t i d l :  
lIon • •  

TOMASE I ,  639905 166333 (CJ 5163 9667 ) ,  cA .  ]25 . ISE 
of Lokr""", chureh. TOP08r.phie.l ",p lhe . .  6J ROIaII 
NV I 110 .  Geolo,i",l ... p .hut Aa 169 S l i t_ .  

Ditch oeetion i_diat.ly N of .he ditch .nd ro.d 

��::S:�
t
�:;I�:

. 575 . WNW of the ",,�th .... t .. .  n.ol t  

t i d;�
i
�n�dB

. Crunish-Ir.y .ar l .  MS 7 2 5 .  TenUcul i

R'fQre"Of/!": Hede  1928 .  p .  1 8 .  l in .. 1 1-25 (eontain • 
l i" of fo .. i l l) . 

TOIISARVE l . E'kø Bøda . l""er part . Blui .h-Ir.y ... r l s ton. 
.nd .. r I . G 75-2I KL. T .. nt.cul i t i d l : l>ioricoeo>1"" 'p • •  
Gen . .. .  p .  ind" . 

TORSBURGElI l .  6]6942 16 7 5 1 1  ( Cl  6310 1>623) , c •. 5250 . 
WNW of G._ls.rn chur�h .  Topo8rtphi".I .. p ...... 6J 
Ro_ SO. Geologic.l .. p .he.t A.a 1 10 K.tth .... u"ilr.. 

Cliff .. et ion at th� NE .ntranc. (Tj�n,vide lucka) �� ��: ::��;�t stronghold of Tonburgen. ca .  7 5  " ilE 

H_. S .. w.. Browni.h-grey .arl inurcal.t.d in d .. nu 
U_aton ... MS 692 .  790, G B-IOl Kt.. T.nt.cul i tid" 

O de " i t  ... i,,[latuø . 
R.!,,..,,,cw.: lI.d. 1919 . p. 50, l inu 6-16. 

TRXocAiuIfN l .  S U u  BødlJ. Sl i t.  Korl , P.ntønerua got
I.<1i1dic"" B.d •• Int.re.l. t iona of bro""i.h- .nd ,reeni.h
grey .arl in fin. gnin.d. , l i,hcly .ilty ond .rlil
l.c.ou. l i ... ston • •  HS 829. T�nt.cul i t i d . :  Non •• 

TRXsn: l, H.",,,. B.a., .  unit b .  Browni.h-gr"y ... r l s ton� 
and argi l l .c.oul l i  ... a ton • •  G 74-3O KL. Tentacul i t i d l :  
PodbLit ... t.:maCUl. 

TROSINGSQiRDEt l. H""",,, ka.,. uni, <I .  Int.re.la'iona 
of browniah-gr.y .ad in co.ro� 8r.ined li .. aton. rich 
in crinoid • .  MS 693 .  hntacul i t i d l :  Non ... 

TIIOSINGSGARDET 2 .  H.fI'r8' S .. w. .  unit a .  Guy to br"""ilh��:�; ���:�� gr.ined l i_ston • •  G 7]-4 KL. Tenueul i-

tU.OO 2 .  6330H 165378  (CJ 3887 2884 ) .  < • .  1500 . I of 
Fide "hunh. Topograph io.l ... p .heat 51 Hobur8'� NO & 5J 
H •• ,. NV. Geo logical .... p .heet A. 152 IIurss,ik . 

Surhc. �XPO'UU 50 . S of th� tield «I.d .  c • •  325 .. 
ESE of the crouroad. north of tl-t • •  hooting r.n8e. 'The 
lo�.lity i .  largely eo" .. red .. ith bueh .. nd. 

H=ra Borda . Y.llo .. i lh-hovn ..arl .nd ... rht"" • •  

G 7)-81 KL. T�ntacu l i t i d s :  A l t.matua! lp. 

UDDVIDE I .  8I<"9'al>'ik Søa.. . Uppe...,l t  p.rt. Light Br.y. 
llli Cac.oul. Cal"ar.ouo , f ine gr.in.d undltonc ; lr.y. 
.rg i l l _c.ou" ool i t i c  l i_ .. ""e ; brovni.h-guy .i-
c.< .. ou' • •  i l ty .  cel c.r.ou. d.y and .hel • •  G 72-11 KL. 
-)4 KL. -35 KL. -]6 KL. G 73-78 KL. T.ntaeul i t i d O :  
A t tøl"tlatuø? .p . ,  l.cr!ohidium ,0<111":""",. Odll' .. i t ., .  PO""" 
U""iø. Te"tacuUUø Iri"i>l{}e ri . 

H=ra Bøda .  unit a .  Bro .... ilh-grty • •  r8il llc.ou., 
alg.l l i  ... st"" • •  K.S 80. 86, 11O . 2l9 .  109 . 39l. 4 23 .  
H2 .  !i59 .  Tent.eul i t idl : Htft�tkI? .pp .  

VAKTARD l .  633355  16/,584  (CJ  1120 3273) . Ca .  3075 ,. 
W of Nb ehurch . Topographic.1 .ap ah.at 51 HOburgen 
110 & 5J Il • • •  liV. Geo logic.1 .. p Ihut Aa 152 Bur,.
vi .. .  

Ø l 
���;:

n
�xpolun i_di.t.ly NI' of the "Ihin,-houoe 

Ife� .. BødJJ , lIe_� Kar l .  Uui .h-gr.y ,  dcnse . e.l
c.reoua .h.le and ... r l a tone . G 72-'JI Kl.. . C 73-97 1(1... 
hntocul i . id. :  f}ioriooco""" untria.i""", .  

Ref""""CJf/!�: Hede 1 9 l 9 a ,  loc.lity 7 .  p .  1 9 .  l inet 
1 1-16. p .  20, l inu 1-21 (contoin. list of fOllih) ; 
H.de 19�2 .  p. 20. loe. l i t,  le. 'iø . 2 .  

YUT.l.RD 2 .  63))59 1646 1 1  ( C J  1 1 4 7  )275 ) .  e a .  2800 • 

Il of 1111 church . topographic.l ... p .hut �I  Hoburgen 

:?k� 
�J Il ..... NY. Geo lo,ical alP .heet Aa 152 Bur�a-

Lo .. ditch expoauu i ..... di .. �11 I of the rO.d . c •• 
50 .. NE of th . .... l I  bi,ht E o f th. fi.hin,-hou .. . t 
Vokt en. Tk. locality i .  at ch., Ih.rp b�nd of the road , 
.c the cattle-grid. 

H."",. Bolda. 1I ... e I'1a r l .  Blui.h-,uy d.n .. ... rhton. 
"ith int.rc.htions of fine lIrain.d l i  ... atone. C 73-
98 KL. T.nueul i t id. :  OiC'nOOCCl1"" te",":,.":_. 

YAJ('J'[N l. /I""",. B.dLJ .  II� .... Mor i ,  northv .. t.rn part. 
Blui .h-gr�y .... r I  .nd .. r i s tone. G 72-88 KL. h�toculi
tido: Oicrioo"""",, sp .  

VAL.AIl 2 ,  B�"f1at>ik S.da . upp.r p.n. Bro .... i.h-gny .. r i .  
y .. l l o  .. i .h-br""n • •  i l t y . pi.olit ic l i  .... . ""e . C ] 3-9I 
KL. -92 KL. T.ntacu l i t id" Tø�t<l"" Ut"8 ooat..:p ... . 

YALBYTTE l, Slit/2 Bøds . S l i t e  I'1ar l .  Gr .. ni lh-Iny .... rl 
.nd ... r l. ton� and d�nu arg'l lac .. oul l i.aton •• MS 4 4 1 .  
442 .  G 74-)8 KL. C o l  76-4S S8 .  Tentacul i t i d o :  Hu,.,..,,
tl<a� ap • •  r>icnOO<XmWi< gt<t>liC!48. SøN tit,, 1 llØt'labitiB. 
:r..,.,.,tiu,, !olli'!9b01",iø. T • •  Uti .... i a .  

VALBYTn: 2 ,  6)!i852  l!i4091  (CJ 289S  6796) . ca . 2275 . 
S of Ylst.rg.rn chur�h .  topogr.phiell up ah • •  t 6! 
Vilby SO. Geo logical ... p sheet Aa 160 Klinteh .... . 

Surhce expa.ure i .. ediately E of the ro.d. Ca .  
550 . .  NIIW of th .. .  i l l o tone Nil of Kovik�n. Th. loe.1  i t  y 
i .  i_diatel, N o f • •  _ll  ti .. l d ro.d (not .ark.d on 
��: l

��po�ra?hical .. p) .t the northern �d8� o f  the 

Slit" Bøda. S l i t . l'1ar l .  Blui sh-8UY .. r l oton. and 
&r�il lae�ou. l i_tton •• G 711-19 H .  G 15-l0 KL. 
Tcntacu l i t i d a :  AltømatuB? .p. , T.ntacuUte8 Ipp . •  
Tu ..... litø" !o l li"gboø".iA . 

VALIL l. S li te Beds . Sl ite Mar i .  Pø�t""",",,8 got/.o."di
oua B .. d •. Irownish-gny ... rl and orgi l l.c.ou. l i_
.tone. MS 6/110 .  690. G 7�-39 KL. Got 75-4 58, Got 76-
2. SB. -25 SB. hntacul i t i d . :  A l temat",, ' sp . , t>iori
""""""" oli"ti<1l1Wl1. D • • vQl'"lXlriø"8is . O. ""Hie""i • •  

VALLE 2 ,  Stit" Beda. S l i t e  lIar I ,  Pe"tamt<nu! got /.o.ndi
c� ,.dl. Gr •• ni.h-gr.y •• r l .  MS 691 . t.nt.cul i t i d . :  
l>ieri ooco""" oU"ti= ..... D • •  varll<1r"i .... i • •  

VALLI! l .  6l6�29 164550 (CJ  1 1 3O  6439) . � • •  lJSO . "'"" 
of Klint. �hur�h. Topolr.phieal .. p lke.t 6I Vi ... y 50 • 

Ceololieel .p .hotn Aa 160 11intlM ... 
Dit�h expo.uu Sl o f  thot road; on. d i t�h ":":'llin. 

p.raUt! to tht I'<l.d cro .... . .. cood .t �I. 4 5  anal. 
to i t  � • •  220 • WSW of the crollroadl at v.n. 1 .  

R.!.","o. poi"t; Th. junetion o f  the diteh . . .  
SHtoI B l dø .  S l i u  Karl . Srovnioh-Ir.y .a r i .  Got 76-

26 SI. T.nt.eul i t i d . :  Alumau.,T ap •• l>iaPi""..ønw 
aLi"tiQ01 .... D • •  �""'i •• D . V<ll li,.,. • ...:, . 

VALLI!VIKlIl l. Slite Bad.. S l i u  Ka r l .  Liaht brOVDi.h
.nd 8runi.h-lray _rioton. and arlil lee.o .... li_nonl, 
K.S 834 . 8l5 . 836. C 7]-36 XL. T.nt.eu l i c i d a :  A lUl'">Oa'
tua! Ip • • Diori""""""", ali"ti<1l1"', D. l1"'t>li""", Se%'f/!
tite.? wNabili •• 1'wmalite, !aUirqoo....i. •• T • .z.:
« • ..n • .  

VALLKYIl l .  638538 167664 (CJ 6585  8293 ) , <:t o  2 2 5 0  • Sl 
of Goth •• �hurch. Topoluphieal .. p .hut 6J Roa.o liV • 
110. GotolOlicel _p Ihut Aa 169 S l i u .  

S.etion in t h e  ditch bet_.n V . l l ..,. r  . n d  Stouund. 
c • •  50 • NE o f  the di teh and ro.d int .... �tion (-paint 
7 . l ) . The Iccal i t, i .  on the louthe m .id. of the 
ditch, .nd c�ri ... 50-100 . l o f th. bridl • •  

Rø!.",,,o. poi"t: Th .  ult. m  l i d .  o f  the ro.d brid •• 
ov.r tk. diteh. 

Kli"Ub.>'!1 B l d. .  uni t d. Bluilh-Stly urhcen. and 
arli 1 l ac.oul I iIMlton •• KS 6l3. 902. G 72-101 lL. 
T.nueul i t i d l :  Poti:>titu lladizi. P. t.l"tIat .... T,."tacuU
te. {jo tJc."", ... i • •  

R.!.1'I1Io.., lI . d  • •  928, p .  50. bot t.,. four l i n  .. . 
p . 60, lin .. 1-9. 

VALLSTIIIA l .  S l i te  B e d6 .  Slit. Mar i .  P."t<:rIWrua got
landioua hd • •  Gn.ni.h-ørey ... rl . ..  rlo ten • •  nd 
.rsi l he .. ou. l i_ , ton •• K.S 22. 65. H. 326. 332 .  4 71 • 
5-9. Got 7.-27 SB. T.ntaeu l i t i d a :  A l Ul"tIat,.. ! Ip • •  
ru ..... ti u  • •  liti .... i •• n.1WKJtit .. ? lp. 

VALLSTEIIA 2 ,  Sti u Bøa.. . Slit. Kar l ,  P,."r-rwa "ot
tandioua &edi .  Gu.niah-cr.y .. rl .nd arli l l .elK>u, 
l i_non • •  G ]2-18 KL, G 74-61 KL. T.ntacuUtid. ,  
A lUl"Itat,..! Ip . 

VA/lQ:;S l .  II.IIOØ' Bød.. 11._. Mori • •  outh.utern p.n. 
Gr.y a i  I t  y ... rl . n d  .r8i lhe.oua . a i  I t  y l i.uton • •  
MS 226. T.ntacul i t i d . :  Non • •  

viiSTARJERGET l ,  Sli te Blda. S l i t e  Mar i .  Lerberlet ... r l .  
Irown • •  h-8UY • •  i l ty ... r l  ""d .r8ilh�..,u • • • l ilht ly 

�; ���. �
i:�:�

n • • MS 4 1 1 . 4 1 2 . 4 1 1 . 4 1  • •  U5 .  T"nucu-

VXSTLl.US I, HellOØ' a.d.. . Il .... Karl • • outh ... tern p.rt . 
'rowniah- .nd Iruni.h-,r.y .ar l .  KS 2 1 6 .  222 .  SKllII 
(unn ... ber.d ._pl. ) . T.nt.cu l i t i d . :  o.w .. ite. i,,[l.atua. 

V;(STOS l. H"Okti"t B"da . unit b .  Int.rcal .donl of 
sr., ... r I  in fin� sr.in.d l i_aton. rich in .tra.ato
poroid' .  MS 39 . 564 . 617. T.ntaeu l i t i d a :  T."ta"" ti t .. 
li".:":" l  .... T. tiql<i •• 

VXSTOS 2, 6�2191 167610 (o: 6810 1848 l .  e •• 6�00 . lIMloI 
of FI"rinø" churek . Toposraphic.l .. p Ihut 7J Flrll-
.un

�h!e. 
& 
.:��i�

O
!:�

i
�

l
. -;

p 
o;

h
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k.na l " .  
Hl.'>gk /.i"t Blw.. u n i t  b .  Den  .. guy  ..  r I o ten • •  nd 

.rli l l .e.oul l i_a ton •• G 72-45 IL. T .. nt.cu l i t i d . :  
s",l'Itite,,? "",taract<w. T."tacu /.iU. liq�i • •  

vxsros l, 642241 16 7581 ( Cl(  6 7 8 �  1900 l .  e • •  6800 • IINW 
of Fl.ringe ehurch .  Topo,uphieol "'p lkeet 7J fJr3-
.und SO ' 110. Geo l Olic.1 •• p Ihut Aa 17l Kapp.hk .... 

T."""rary _1 1  dininl E of tk. 111011 1 fidd ro.d. 
e • •  515 .. SE of the �ro .. ro.dl at Vlo tlS •• 

Uppe" Vi.bll artd H(1f1k U"t B.d.. unit a.cf the htter .  
H38klint Bed. : Bro .... ilh-Brey .. r i .  MS 728 . 729 .  n o .  
T.ntecul i t i d . :  A l umor .. .  ? Ipp • •  GotLarodMltiU. 04ro
ra�. s..NtiU.! "",tarootaø.  

VATT'ENFALLSpRonU:1I l .  1JppI" Vi.by Ba dLJ .  Kainly • • I ter
netin8 b.da of lIuy •• r l o tone .nd li ... ton�. T.ntaeuli
t ida :  Hte�ae... ? .pp .  0 . 9-10 .0 .) . Gctf<1l1døHiu, 

aI"Iolatua ( l . 7-1O . 0 ) . s..ro;otite,! ..,,: U ,  ( 1 . 0- 1 . 9  .l . 
S. ! ootar<wtaf/! ( 8 . 4- 10 .0 .) . S . ?  of. OOt<lraCtaf/! 
( 7 . 0 .) . Te"tacutitu c f .  t':-tI.ot ... ( 9 . 0  .l . 

HO{Jkri"t S.a.. . Int.rbedd.d Ir.y l i_uon • •  nd .. rl
tton • •  sr.y den .. l i  .. aton • • • nd dark 8uy. b i t  .. inoua 
.udoton •• T.nucul i . i d a :  A lte,...atu,,? app . ,  ( 1 0 . 7-
2 1 . 2 .) . Gotl ... ,,:lø e Zi t..ø araolatu. 00. 7- 1 9 . 8  .l . Sere
tite.? "",taracea.. ( 1 0 . 7-2 1 . 2  .. l. S. � cat<lNCtaf/!' 
2 1 . 9-22 . 9  . l .  T." t<:lCllZitu li_t"r,.. ( 2 5 . 1-26 . 7  . ) ,  
T. c f .  tiolatul"" ( 2 7 . 3- 29 . 8  lO ) .  

YIBBU: l .  638922 l61i568 ( C J  ) 5 2 8  882 3 l ,  c • •  2650 . Il 
of Vht.rh.jd� ehurch. Topo8uphieal ... p Ihut 61 Viaby 
NO. Geologieal ,..p .h.U Aa l83 Vi lby & L  .... l und •. 

hq>oury .... e.".tion for foundetionl cf . n ... houu 
(not ".rk.d on th. topolr.phical ",p lhut) . There i .  
. n  ... ro.d  ( no t  ... rk.d on th. tOpo8Uphic.l .... p .h .. t )  
runnin8 fr"" the .harp, . . .  t.maoot b.nd of tn . ..  in 
ro.d u Kn. ippbyn to the .outh .... t.",ICIIt <crner of 

��
� 
t�!�

I
;!:d�

f Vibbl •• Vibble l i. loeat.d c • •  25 • Il 

Tofta BldlJ . Gr .. eni .h-,r.y sar l o tone .nd d.n .. lilM
ston .. .  C 73-95 KL. to,nt.cul i t i d o :  Non •• 

VIDFXLLE l. H�""'ø Bøds .  ""i t  b .  Grunilh-,rty ... rl .nd 
den .. . ar8i l l oc�ou. l iIMoton�. MS �55, 630. 893. Ten
t.cuUt id o :  A l te�ae... ' .p • • PodoZitu hødøi. P. ""',..... 

YIIlI I. SU" Bla.. . S l i t.  H.r l .  Pe,,�,",,� gotlandioua 
led • • Bro .... i.h-gr.y _ri .nd ... r l o ton • •  MS 701. G 73-
410 KL. T.ntacul iddl :  None . 

YISBYBORRNIIIGIN l .  639211 16�765 (Cl l71i7 9(9 7 ) . � • .  
1825 " S W  of Vioby eathedra l .  Topo8rophical "ap ah ... 

:!I:�::� 
110. Geol08ic.1 ... p .h .. t Aa 183 vi aby 6 L,.-

IIonhol. dr i l l ed  in the old .. rI-pit (L.rgu" .. n) 
of the foraer vilby C • ..entfabrik. The bouhol. "Ol 
dri l l.d 1 9 1 1 - l 9 1 2  .nd r .. ehed • tot.1 depth of �Ol. Il; 
• •  Th. " .. Il h .. ad " .. s i tuat.d 4 . 6  • b.low a •• l • .,et . 
Th� bouhole i. no" coveud "ith du.p. 

�r Vi.bl/ s.a.. ? 60. 90-6 1 . 54 • •  104 . 90-106 to. 
TenuCu l i t i d o :  Gc t l<1l1dor Hi tftø vi.bll ...... ia? 

RØ!.NI1CU: lIedst .�. 192).&; H.dotr/joo 1923b; Thorl
lund ' W . .  urgJrd 1938. p .  40-4 1 ;  H.de 19�0. p .  10 .  
bonn. nin. l in  .. ; M.rt in  . .  on 1967 ,  p. 157 .  linn 15-
2 5 ;  Manten I 9 7 1 .  pp. 1 4 .  29 .  3l • •  nd 48 .  

VIY\!NCS I .  xtinteb.'V B e da  • .. iddle-uppn por,. InL�r
c.lation. o ( gr .. y i .h-brc"" .... rl in coaroe ,roined 
h_a ton. rieh in c ri�oidl and otr"".uoporoidl .  
MS 639. Tentocu l i t i d o :  None . 

YGNI l, Vwer Vi.bi' Be<k. uppenaoat port . Gruni.h
Iny ... rl .nd .r8i l l .c.ou. l i_uon • •  liS 14 .  69 .  �82 .  
t.nucul i . i d , :  A l l:4lman.a� .p . •  Go t la..iW l l i tø. <11'10-
lat><a. SøN tiua ? "",tanlOt<w. 

YGNI 2, UPr'"'r Vi"b!/, Blw. . upp.naolt port. Browni.h
and IIruni.h-grey .. r I  .nd c.loonou • •  udtton • •  C H
l KL. -2 KL. Got 76-1 SI. tentacul i t i d o :  Gotl.<1i1d.1l1i
u. aI"Io latuø . Se N tiU.? oot=taø. S . '  "ri ti" . 

YGIIE l .  6 1879� 164270 ( U  n u  8720l . ca. l615 . WNW 
of vhurh,jd. church. Toposuphic.l .. p .h •• l 6 1  Vi lby 
NO. GeolORical .ap .k.et Aa 183 Vi.by , u.-Iund •. 

C l i f f  .. H ion at RIS".r Lilj .. HAla , eo. ISO . NE of 
th .. .  nd of the ro.d (on the toptlgrophic.1 .. p .hut .  
\ItIere t h e  north""oterm"oat ro.d bec.-. ""ly o peth l .  

R,,!ere�cw te""L: Th. bound.ry bet_.n Upp.r Vi.by 
.nd H�gklint led • • 

Uppør Vi.bI/ Sød. , uppe...,ot part . !rowniah- .nd 
,runioh-gr.y .. r I  .nd .r8il lle.oua l i  ... ston •• G 74-3 
KL. GoL 76-4 SD .  -5 SB, -6 SB. t.nt.eul i t i d l :  A L u,..... 
"at><a? sp . •  Gotla..d.l l l i te. aNo /at ... , $øretiua! 
ootaroacta.r. S. � .:riUa. 

HlJ{Jkti"t BedlJ , un it a .  In.ere.lationl of brovniah
ørey .... rI in denu l i,,"tone. T.nt.eul i t i d l :  Non •• 

R'!""""01Iø : 1101. 18�, p .  14; ""nthe 192 1b .  Fig • .  
1 4 .  7 S . p .  3 7 .  l inu 14-15; H .. d e  1940. p .  1 7 .  l in. 7 
fro. t�. bott ... (re f .. renn to th" or .. in 8.n.ra l l ;  
lI�d. 1942 . p .  4 .  loc.lity 5 ;  Eri" .. o n  I Laufe ld  1 9 7 7 .  

YI:.�E l ,  S t i t ,  B e de ,  unit d. Browni.h-srey ...  r l .  MS 68 .  
t.nt.eul i t i d l :  None . 

The fOl l""in, thrre loc.l i t i  .. . r� noL dea"ribo,d 
fontlal ly  .. lh .. original loc.lity du�riptiona of 
t ... lI ... ., lllO .. ""' I .. ar., too poor . 

"GROTLIIIGBOUDlJ" • •  bout 5000 • ESl of Crotl in8bo church. 
Topographieal II&P .hcet 5 I HObur,en !lO , 5 J H".u NV. 
Geologie.l lI.p sh .. t Aa 152 Burg.vik .  

R"Itl2rk", S!'INIl utRplU fro. thi. loe. l i ty  .... re co l
l�cUd by 1101. in 1899 .nd lebe l l  .. d ".outh.ro . id. of 
Gro tl ingboudd". fr.,. l i tholo,ical Uuon. it i . elur 
thOl the .. ,.pln deriv. fr ... unit b of the Ho .. u '.d • •  
.nd conu"uent ly  th.y talJH c .... . ith.r fr"" t h e  .hon 
of AUl tervihn, 6)3U5 11>5875 to 633475 16�920. or 
fro. the ar�. Hound hn""lt l .  
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"I!lINSTXnf:", .bOllt 3700 . WSII of 'hri" •• church . Topo
luphitd _p ,hUt 1 J Pirll • .,nd 50/11(). GotOlO,'CII .. p 
,""u .. I l l  hppchh.... . • 

R.�: Sltffi . . � I  .. frOli thi. loe,l it,. na 
l'be i l l d  "lIun.t.d., !\CI,klint Beda" .  , ... OII l i tllo101;cll 
nuon. i t  i .  tLkely thn they dari_ fro. .xpo.urcl 
in  tha lllSgklint &ed . ,  uni t  b .I"". tM ,hor. of Hun
.Udevihn, i , e .  i_din.ly .outh o! Ho"''''' l .  

"'!T!SVIUK", about HOO a li of lIablin,bo church. 
TOpOlUphical .. p ah .. t 5 I lIob"r,&" NO ' 5 J lIe.u 1fV. 
GeolOI;ul .. p ahut M. 16� H ..... 

R.ftU'Ir.., 'ni • •  _ph 'r.,. thi. locd i t,. 1 0  lalHl l led 
",. lIed. al "PUI,v;ka" at t h a  loutM ... ona of t h a  tv" 
ero . ... on .;)' .c" ..... .;:.t ... , ... A.I thi . .. p hu not bcen 
pouibla to traca, it i ,  unchar i t  hh local ity cor-
• upond to tha chuical 'uu";,, l�d i ty '(-L i th 
lIal lvnda t ;n Luf.ld 1 ') 7 4. )  0< no t . nu. to faun.! 
ditt_unen vith the httn loc.lity i t  i .  likely thn 
K.d. ' 1  "Pet .. viken" reftra to . loct l i t )'  in bedl 
d ightly lower in the H .... Ø-dl thln It Lil l. Ktll
v a r d e  I ,  i . l  • •  __ . m l t  nonh of t h l t  loe.lity. 

BJ;(RSJOu.CW l ,  6 1 7961 1J6801  (VB 1870 7672) , c • • 
2300 . NIl of 1:1. Klrro torp "hurch. TopolUphicd .... p 
• h,.,.t 2 D To.l i l t l llV. Glololicll .... p .hut AI 86 
lW.d o k l o l t a r .  

S.ccion Ilonl dr.inlle ditch fro. Sjl\wloun 0-200 . 
NIl Ind 0-120 . St o f the bridge on the Ojup.d.l to 
Bjh.j�hllrd rOld .  

Rø! .... na. point, The brid,e .  
R.!ø ... � /.tVIL, T h e  _In ".ter level in the clnl 1 .  
�d-R ..... dea B." .  IIY'" la n d  lb " ....... Criln"lll 

( 1 89 7 ) . HlrlY luy Ihlle lnd _rl l t onn . occllionil ly 
l i l ty  Ind .iclc.ou,. Il t.rn. t i n g  " i t h  t h i n  l i . l toae 
bedl (la) . Cny l i_ ttonl . occ .. ional ly thickly btdd.d 
.nd biot t r.,... l . arey .ie.c.ou. l i l t y  Ih.lo and .... rI
ItOn' (lb) . Bj 67-30. - ) 5 .  -37 .  -38 . - 4 1  ( d l  U ) .  
B j  74-1  KL. - 2  KL. unn_b. nd PDL . .  ",, 1 . . .  T.nt.c u l i 
ti d l '  L""chidi_ i .. a.:t. ..... , o.wuit.. i .. {lo.tUll , O.  p<I
til .... . 

R • .r'NI�': Tul lb.rg 1882 •• p. 24, bo t tOD; I4 1 inei 
(pal't';"") , 1862b,  p. 1 1 .  bono. 1 1  l inn - p .  1 4 .  hnu 
1-8 (contoinl l i l t  of fonih) , Ei c hotlidt 1 8 8 8 ,  p .  4 2 ,  
l ian 23-2 7 ,  p .  1 43 ,  l in. 2 - p .  IU ,  l in. 1 2  (con
t.inl l i o t of fOllih) , Criln_II IB91 ,  p. 2 1 , lin. 20 
frOll bottol - p .  22, l ine 22 (conuinl lin o f  fOI
l i l l ) ; Mori 1969 , p .  4 4 , bottOll l 6  lin . .  - p . 4 6 ,  
l inn 1-3, fi • .  2 ,  J.ppuon 1974 ,  p .  5 0 .  T h  .. foUowinB 
p.perl live uterenc. tO the aj�rojilhghd .n. i n  
Beneul . n d  t h u .  to 11 I loctl it iu in the Bjh.jil
hg1rd Iru: !rOCDOI l  1 72S-1729 , p. 5 3 4 ;  W.hhnbHø 
1 8 1 8 , p .  1 3 , Hi. inIU I828, p . 1 8 7 ,  1 8 ) 1 ' , p . 1 6 2 .  
! inl 1 I , !4urchi.on I841 ;  Ange!in 1854, p .  VI I I ,  

E r d  ... n n  1 8 1 2 .  p .  5 ;  Ange l i n  , Lind. nil. 1880, T u l l 
ber, 1 8 8 3 ,  p .  232 ,  l in. 9 fr.,. bott.,., Tilrneboh • •  
Ilena i s l904 . p . 6 7 ;  Hadding l929 , pp. 191-192 .  

Neu :  I t i l  rew_nded thu u t e n n c e  to the 
bridse b. c.ode for . l l  futun "IPlins of the c.nal 
uetion, cf. J.ppuon 1914 , p .  50. 

BJ;(RSJ1)U.CJ.AD 2 .  6 1 7940 1 3 6 8 1 7  (� 1887 16(8) . ca. 
20S0 . NIl o f  1) .  Urratorp church . Toposraph i c a l  .. p 
Ihllt 2 D To_ l i l l .  NV. Glol08ical ""p lheet M 86 
Ov.dlk lo.ur. 

Abandoned q u . r r y  p . r t l y  f i l 1ed .. i t h  .. a t " r ,  2 H  • SE 
o f  the Ojupadal to Bj�r.jllh8lrd ro.d fro . .. hieh there 
i l  . ..... 1 1  road to the quarry ( .. rked on the topo
graphi c a l  .. p) . The loca l i t y  includn the droinoge 
d i t c h SE fr.,. th. quarry t o  th. j unction .. i th th. 
hrs.r c.nal fro. Sj iltaal l e n .  The qu.rry i . .... rked al 
. pond on the topo.r.phical .... p. 

R.! ...... CiI poi .. t :  The d r . i nale out l e t  o f  th. "Uer
f i l h d  qU&Iry. 

R.!.roma. l.w l :  The ..... n water tlbie o f  the "at.r
f i l i ed Dort o f the qu.rry. 

G".d-Raoø,u,a Bedt , laye .. l a ,  l b ,  2 Ind l ".""" 
Cr�n"ll1 ( l � 9 1 ) .  Crey Ihalll and .udatonu. o",,-.. ion� 
I t l y  . i l < y  .nd .ic.ctilul . thin bedo o f  llrey li.a ton" 
( l a ) . Cuy . binnro .... l l i..,otone , b l u i oh-lrey .icace
ouo , l i l ty Ih.le ond .... dltone ( l b ) . Bj 70-1 KL. 
Bj 7l-I KL, -2 KL, -J KL, Bj 74-4 KL. unn,.bered POL 
. .  ""le • •  unnUllb.r"d St!lIIt u""I .. . MS 499. S(JI>-'>08. 
T .. nt.eu l i t i d . :  U1>!chidillJf! IC<1I1i"""" OJ.uiU. pcl"U ..... 
"i., T""taculit •• hi"i>ItJ.ri, T. ob.tip ... . Y e t l o"i.h
...... i t  . ..  ic.eeoul l.ndlton .. ( 2 ) . Unnu"",e red POL . .  mp l e o .  
T"ntocu l i t i d o :  N o n  • •  C r . y ,  l i l ty .ha le  O ) .  Un
n..-red POL .... p l  ••• Tenracul i t i d . ,  None . 

R.! ...... """ ,  Stobaeu. 1 1 4 1 . T.b. 1 7 ,  !tettiul 1 7 ' 6 .  
p . 84·8S; Anle l i n  1 8 1 1 .  p .  2 J . l ineo l(}-I I ,  2 1 - 2 2 ,  
T u l l b e r s I882 • •  p .  2 4 ,  b o t t o  .. ten l inn (paz-ti,.) -
1' : 2 5 ,  I i neo 1-25 ("ontain. l iot of fOll i l l ) . p .  2 9 ,  
1 ' 0 1 1  1 4 - 1 , :  1882b . p .  1 3 ,  l , n  .. 27·29: Eichot�dt 
1�88. p .  lU ,  lin .. 27-29, p .  144. line 1 2  - p .  146, 
1 1ne 5 (contain. l i . t o f fol l i l l ) ; S t o l l e y l89b 
p . 1 7 5 , p . I 7 7 , Cril""a I I 1 8 9 1 . p .  22. lin .. 2 2 - p . 26. 
l inl 7 (cont.in. liot o f  f O l l i l . ) : Th"-' 1 9 ) 2 .  p p .  
505-5 1 4 ,  rig • .  1-2 , R'lnfIl 1960. p .  JO . l l oot l i ne 
p . l l .  l i nll l - 5  (cont.inl l i l t o f fol l i l a ) : Ma r t i n l 
.on I967 .  p . 3 7 1 .  L i n  . .  14-IS . p .  J 7 4 . bott.,.. four 
lin • •  - p .  17S. L inu 1-5 (contlinl l i . t  of p l l aeo

cope o o t rocodu ) : Brood 1974. p p .  381-J82. fig . I :  
Jeppuon l 9 7 4 .  p .  5 0 .  

N e e . :  Lay.r l a i. not no .. e"pou d .  M a t e r i a l  f r _  
t h i .  I �y.r i • •  "c .... i b l .  i n  the hrle d _ p  h u p .  
occupylng thi tfE lnd HW p.no o f the qu.rry. 

BJARSJOLAcUDBORRIIIHC!H l, 6 1 79 3 1  136818 (VB 1890 
76( 5 ) . c a .  2025 . NIl o f  ti .  Urrltorp church . Topo
sraphic.1 .ap .hut 2 O To.e l i l h  �V. Glol�8icll .,op 
• hut A. 86 I\v�d.k l o l t l r .  

IIoreho l e  lo".ud i n  th SE p.rt o f  the �u . .  ry a t  
Bj�r.jilLaglrd • •  t t l M  " d a e  o f  the �uarry .. a l l ,  c l o u  
to the drainlg� o u t l . t  o f  the ... a t e r- f i l l . d  qu.rry. 
Th. borehole .... d r i t \ed in 1 9 6 1  by the Cf:ololical 
5urHy of S .... d.n (SCU) .nd ruehed a total depth o f  
9 9 . �4 • b .. L o  ... th .. . "Tt.ce.  T h e  _ I L  head wn 10".t .. <1 
.pproxi •• t e l y  I L 3 Il above _an loa l c y. l .  

Røfø"'nc� t. ... I ,  The .. e l i  h •• d .  
O"..d-R�J�a Bød.. , layen l a  a n d  l b �"n$" Criln ... a l l  

( t 8 9 7 ) . Hl in l i tholoBy ·nd t.ntac u l i t i d  . . ...... r i g . 7 0 .  
R ø !  .... " " " ,, ,  Skoglund L 9 6 8 ,  Sorgenf r e i  1 9 6 9 .  F i S ' .  

3, 5 .  

BJ;(RSJI:lLAcAROBORRNIN<ÆN 2 .  6 L 1924 1 3 6 8 3 1  (VB L900 
7 6 16 ) ,  cl. i850 . NIl o f  O .  Urntorp church. Topo
grlph i c . l  ... p aheet 2 O TOCDO L i l l a NV. c..o l oøical .ap 
.heet A.a 86 Ov" d . k l o " ' r .  

IIorehole o i tulted " I .  1 7 5 . SE o f  the d r a i n . g "  out
l e t  of the voter- f i l hd �uorry a t  B j ll n j ilhgJrd. i .... 
_ d i a t e l y  Sil o f  the dr. inaøe d i t " h  fu"" the quarry and 
50 .. S o f the j un c t ion o f that d i t"h and the cana! 
frOll Sjiltaauen. The b<>rehole wu d r i l \ed by the Ge,,
logical Sury.y o f  S_den (SCU) in 1 9 6 7  and relched a 
total  depth o f  7 5 . 4 8  .. .  The .. � L l  head wu . i 'u.ted 
.pproxi .. t e l y  I l a . abo"" .... n lea L e ve l .  

R�!ø ... "ce ltva l : Th . ..... I L  hud . 
tJv"d-R(Q1'I!de" BlIdt. hye .. la, lb. 2 .nd J �e>"l$" 

Cr�n"a l l  ( 1 8 9 7 ) .  � i n  l i thology and l .. ntlcul i t i d o ,  
u. F i S .  7 0 .  

R.!."",naa.' Skoglund 1 9 6 8 ,  Sorge n f r e i  1 9 6 9 ,  F i S "  
J .  S .  

KLIlITA. I ,  6 1 9 5 1 9  1 3 5636 ( V B  0 6 9 1  9 2 1 0 ) , "I. I S 50 . 
SSW o f  Bo.jtiklolt. r church. Topog uphica!  .... p lhut 
2 O To_ l i l l . NV. Geologic.l .... p .hut A. 92 Lund. 

Sec t i on .. c.va'ed in the e l i f f  f.cing l:l .  Ring.jiln.  
1 5 . SW o f  the .hore line,  c • .  340 .. SE o f  the point 

""He the 1 ... 1 1  road P . . .  inIl Vrange llbor g beeOl""o only 
a puh ( L I O  .. down the pHh to the .hore and then 
2 1 0 . SSE) . 

Røfø""'nca l • .,. l :  The bue o f  the li ... otone bed 
0 . )0-{) , 4 0 "' above the ball o f  the ... uured •• c t ion in 
J"pp . .  on 1 9 7 4 ,  p .  49 (u"'Ph Kl 6 7 - 2  U ) .  

Ovød-Rærø,u,a Beda . layer 2 a.",,� Eieh.t�dt ( 1 8 88 ) .  
Crey . .  rl and mlrll tone a l tern.ting "ith thin bed. o f  
g r . y  l i ... ltone . Kl 6 1 - 2 ,  - � ,  - 6 ,  - 9 ,  - to .  - I  L ( a l  l 
U ) .  K l  14-5. -6, -7 ( . 1 1  KL) . TentlCul i t i d o :  /,cn
chidi"", ogmctuJrr, L. ""ani""",, O<ke,,-i�� pol"t">'I6ie, 
T.,.,ta""z..:�8 hi�ingeri 

R.!."",no*a, J"ppuon 1974 .  p .  49; Th" fol loving 
paperl give referen" . .  to th� K l i n ta . u .  in senerai 
.nd thul to all K l i n ta IO"l l i t i e . :  H i l i nger I 8 3 7  •• 

p .  104: 1840.  p p .  40-4 1 .  Hurchi.on 1 84 7 ;  An�� l i n  1 8 5 4 .  
p . V I l I :  Enl",.nn 1 8 1 2 .  p .  6 ;  Ange l i n  & l t n d l t ro.. 1860 ,  
p .  19-20. PI 1 9 , 20-26 : T u l l bug 1 8 8 2 1 .  p .  1 3 .  l i ne5 
3-6 . 11-19 (�ont.in. list o f  fo . .  i l . ) :  1-82b.  p ,  12,  
t i n  . .  20-2 2 .  p .  13.  l i nu )-19 (contlins lilt o f  fo.-
• i h ) :  1883, p .  2lL, l i ne l O :  d. Geer 1 8 8 7 .  p .  2 1  
botto", 20 l inn - p .  2 2  l in  . .  1 - 1 5  ( c o n t a i n o  l i  . .  o f  
fo . .  i h ) ;  E i chnldt 1 8 8 8 .  p p .  L ] )- 1 4 1 .  p .  1 3 1 ,  l i nu 
1 7 - 1 1  dOlcription o f  L.y�r 2; Cron .. a l l  1 8 9 7 ,  pp. 16-
20 (de t l i l e d d l l c r i p t ion o f the varioul lay • ., 1 l  
K l i nto .. i t h  l i U .  o f  fOO l i l . ) ;  Torneboh. & Hennig 
1904 . p p .  54-55 (general d e . c r i p t ion o f  the lhore l i n. 
U K l i n t. ) :  H.dding 1 9 1 9 .  pp. 19 L�I92 .  

lLIIiTA 2 ,  619522 1 3S632 (VB 0688 9214 ) .  c • • IHO . SSW 
of  lo.jllkloat.r church. Topo.r.phic.t "p lh" .. 2 0  
T .... t i lh KV. Glological _p Ihu t .la 92 wud. 

Steti"" uClv.Ud in the ditt hdn, O .  Unaljlln. 
20 .. S'iI of the ahore lin", c • •  290 I SE o f  the point 
vh.re the .... l l ro.d p ... in. Vr.nge lobor. b.cOlaI ""ly 
• poth ( 1 10 .. d""" the poth to th" .llo n .  then 160 . 
SSE ) .  The _.c tion. i • •  i tuate d .t . ..... Il p ro trudini 
part of th" c l i t t .  

R.!.� t.".t : The b ... of the doubll l i_lton. 
t..da � . 96-5 . 12 • •  bove the bile of the _ .. ur.d .. c
tion in Jeppuon 197�, p .  49 ( ..... 1'1 .. ltt 67-21 • •  nd - 2 1 b  
U ) .  Si . .... 11 bor.hol .. frOD; g.oas,n. tic .... pl in. a .. 
noticubll in th .. l oWlr o f th. two bad • •  

!1vød-R_<1IIa &ødø, layer 2 " ..... u !ich.ddt ( 1885) . 
Cuy ... r l lnd IHl otone al ternating "ith thin bedl of 
ar.y l i .. otone. Kl 67-1 7 , -20, -21. , -2Ib , -22 . -23 
(Ilt U ) .  Kl 14-3 KL. Tenucul it id. : Lonohidi"", OfJIfIO"" 
tLIPPl, L • •  """i"""", Tøntact.Ziu. ;,.,:..i"fl.ri. 

R.!' ..... oø�: Il for Kl intl l .  

KLINT ... 3 ,  6 1 9524 135630 ( VII 0686 9216 ) ,  c • •  1 5 5 0 . SS'iI 
of Bo_jilklolter church. Topoauphiul IIIP .hlet 20 
To_li l l .  HV. c..oloaie.l .... p .he.t Aa 92 Lund. 

Section ."cavated in th. ditt  hcin. e .  RinB.jiln , 
c •. 20 . SW o f  the .hore l i n  .. , ca. 260 . SE of the 
poin t  wh ... the 0.,11 1  ro.d pal linl Vunlehborg 
beco .... only a p.th ( 1 10 . dmm th' path to the .hor • •  
th.n 1 3 0 . S SE ) .  

R.! .... ...,. z..,,,.Z, The bu. o f  t h  .. li.utone b.d 
1 . 6 1 - 1 . 8 2  • •  bove the bln of the _ .. ured uc t ion in 
JepPllon 1 9 7 4 .  p .  4 9  ( .. .., l e K l  t,1-25 U ) .  

lIvad-R""",døa BlI dt .  layer 2 .. ".� Eichotldt ( 1 888) . 
Cny . a r l  and ... l I tone .l cem.tinS .. ith t h i n  bed. of 
S[lY l i_ l t o n e .  Kl 6 7 - 2 5  U .  Teuu�ulit id. :  Ilone. 

R.!' ..... ""� , u {or K l i n to l .  
Nou: Coru for geo_gn. t i c  inve . t i la t i ona ha"" 

be.n d r i l l e d  i n  th" .. r I . t""" b .. d .  0 . 3 0 � . 4 0  .. .  bove 
and O . H � . 80 . belo ... the ref.renc" live!,  

KLINTA 4 ,  619521  1 35635 (VB 0690 9 2 1 1 ) . c • •  \s5O . SSW 
o f  Boojillr. lo o te r  church. Topollraphic.t .. p .h""t 2 O 
To.,. l i l l a HV. Geo l o ø i c . I ",.p .heet Al 9 2  Lund. 

Section excavated i n  the ditt heing O .  Rins.j�n.  
c a .  lO I SW o f  the .hore l i n e .  c • .  lH .. SE o f  the 
poin' ...... e n  th" I ... t t  ro.d paui ng Vunge l .borg be
co •• onLy . pUh ( I 1 0 "' do"",, the plth to the Iho . . .  
then 190 ., SSE) . 

R.!.NmCl l."" l :  The bue o f  the li .. oton" bed 
1 . 36-1 .42 . above the bue o f  the "uutld oection in 
Jeppllon 1974 , p .  49 (u"",le Kl 67-32 U ) .  

Oved-Ra1f'IJ,u,a Sødt, hyer 2 e "  .... ,. EichotWdt ( 1888) . 
loterbedd.d grey .... rl . .. r l l tone .nd Cuy t h i n l y  
b e d d e d  l i_ l t o n e .  K l  67-ll .  -)2 ,  -33 ( I l l  U ) .  
Tentacul i t i d l '  U1>!clridillJf! "!I""'t""" 0dR"øita8 poru ..... 
• i,. 

R.!.,..,nC<l.: u for K l i n t a  L .  

KLlN"TA 5 .  6 1 9 5 2 5  135621 (VS 0684 9220) . c a .  1550 . SS10I 
o f  Boljoktolter church. Topoøraphical .. ap .h".t 2 0  
To_ l i l t a HV. Geololical _p "heet M 9 2 Lund. 

S.ction e"cav .. ed i n  the dif{ hcing tl .  k i n g . j 3 n ,  
c a .  10 . SW o f  the . h o r e  l i n � .  c o .  2 2 5  . .  E o f  the 
point "h.re the ... 1 1  road p u . i n S  Vun8e l .borg be· 
COllleI onl)' a path ( I L O  Ol do,," the p.th to the . h o n .  
th.� 100 '" SSE ) .  

R.!e"", .. C<I l"va l :  Th. b a  . .  o f  the L i  .. .. on� bed 
4 . 55-4 . b 4 lO Ibove the ba .. o f  the .... uur.d •• ction in 
Jeppllon 1974.  p .  4 9  (11"",le Ki 67-2 U ) .  

Gwd-R""",ål!a BIl da .  l a y e r  2 ... "",. tichl<�dt ( 1 8 88 ) .  
A l t e rnating bedl o f  grey . .  r ! ot""e and ør.y. t h i n l y  
b .. d d e d  l i_ltone.  Kl 6 7 - 4 L  U ,  Kl 69-1 U .  Tentacul i 
t i d o : None . 

R.f., .... �s : al for K l inta l .  

KLIHTA. 6 ,  9195JO I J%L8 (VS 0669 9229) . c ' .  L 5 5 0 . SS\I 
o f &Olj okloot_ r chur"h. Topographical .. p .heet 2D 
To ... l i l l a HV.  GeologicaL .. p ohut Aa 92 Lund,  

S.ction excavated in the ditt fadng Il .  llingljon,  
� • .  n lO SW o f  the lho .. line,  c • .  10 .. S o f  the hnce 
lurrounding the .outh�rm.olt c " t t .se ( 1 10  .. olonl the 
path (o the .hore froll thl p o i n t "".r. the a .. a l l  ro.d 
po . .  ing Yrange l obor8 beco""," only a path. then JO .. 
HNII) , 

Rø!''''''nC<l t,wl ,  The bu� o f  the l i ..,ston� b�d 
0 . 7 1 -<l . 7 5  I .bove th� b .. � o f  the _lIured ""ction in 
Jeppuon 1 9 7 4 .  p .  49 (aa .. p l e K l 69-8 U ) .  

Dv�d-R�aaa s..da ,  L"yer I se" ... ",chUldt ( 1 888 ) .  
A L t e  rna( � n 8  botdo o f  g r.y l a r l l tone ond g[lY. t h i n  I � 
bedded l '_"ton .. . Kl 69-8 U. Tenta""l i t i d . :  None. 

R.!ø"","""", u f o r  KliMa I. 

LUKNARIIA l.  6 1 9 190 1)56L2 (VB 0668 11891 ) ,  c a .  247S • 

NE o f  Cud ... ndtorp ch"rch. Top<>sraphic.1 .... p Iheet 2 O 
To_ l i l l a  NV. Geo l o s i c a l  .. p Iheet M 92 Lund. 

S.etion .long t r... c"n. L i tld brook a t  Lunurna, SW 
o f  tho road bet""en Snogerod and Finnhu L t .  c'. 915 I 
SSW o f  th. ou� t e t  o f  the brook a t  ti .  Ring.jon.  The 
.. ction eo .. p r  . . . .  o-IOO .. SS\l o f th. b r i dge . 

Re!.� .. c., poi .. e, The "outhem . i d e  of the b r i dge . 
Owd-RaIllI,u,a BIlda, l ayer l a 8' .... � Crilnwall ( 1 89 7 ) .  

B l u i .h-grey l i l ty . n d  .. ic.c.ous s h a L e .  �u 6 7 - 1  W .  
- 4  U .  -1O . U .  L u  7 3 · 1  K L ,  unnurobered POL .. .., L e .  
Tent.c,,1 1 t , d l :  Odeuitøe i. .. !l.atus . 

R.!, ,..,,,CfJ' : Ma rt inuon 196 7 ,  p .  3 1 1 .  l i n� 9 ,  
Jeppuon 1 9 7 4 .  p .  4 9 .  

LLIKHARliA 2 .  6 1 9 2 0 7  1 3 5 6 1 l  ( V S  0669 8�08 ) ,  c a .  2MI{) .. 
NE o f Cud .. undtorp church. Topogrephicll ..ap .heet 2 0  
To_l i l l .  �V . Geo l o g i " l l  ... p oheet A. 92 Lund. 

S.ction along the c.n. l i n d  brook H Lunnarno, 
1 5 0 . N o f  the b r i dge on the ro.d bet ... un SnogH3d 
and Finnhu l t .  c o .  750 . SSW o f  the out l e t  o f  the brook 
at ti .  RinR.jiln. 

G1IId-R�<I"a S.dø . layer l a 8.""� Cronwall ( 1 89 1 ) .  
B l u i lh-grey s i l t  Y and ,.icaceou. I h l l e  .. i t h  intHcah
t ionl o f  t h l n l y  bedded gny l i_. ton�. Lu ,,"- l .  
Lu AH- 2 .  Tentacu l i t i d . ,  Otkseiue i"jl.at""" O. pati
,�. 

Refe.,..",,,,,, ,  Ma rt inuon 1 9 6 1 .  p .  3 1 1 .  Lin . .  5-8: 
Jepp . . on I974 .  p . 4 9 .  

RAMS,l.SA. l .  � 1 6 0 l L  1 ) 7 9 2 0  (VB 3010 S 1 S� ) .  c • •  4S0 IlO E S E  
o f  R a u i  .. c h u r c h .  Topogr_phical I d p  Iher< L O Votod 
NO & 2 D Te_ l i l l a  SO. Geo L o g i c a L  _p sheet Aa 1 4 2  
Silvdeborg. 

Sh.l l"" e"po"ur� on the northern ohore o f  Tryde ! n ,  
I S  '" �� o f  th� .. harp NIl b e n d  o f  the rivu l e n t .  i_di
a t e l y  Sil � f  the ruins o f  I� o L d  "otta8e.  T h e  expo.ure 
i .  only a t t . in�d by d i SS i n l '  

R"fe,..,nCfJ p o i " t :  T h e  S'iI point o f  the r " i n e d  c o t t age . 
tJved-RamI'J<lsa Ikda , hy . . l "e"au Cron"aLI ( 1 89 7 ) .  

Oark b ro""ioh-r .. d l i_ a tone i n  t o f t  red .udHone and 
o h a l � ,  Unn ..... ber .. d POL sa""'I .. . .  T .. nt.cul i t i d l :  Lon
c�idi06ft "IObi;1'fli, Odes8it.ø lebie>'l6iø. 

Re"",1"k8 ' The loc. l i ty i .  described .. .  locl l i t y  A 
by Cronwa l L  ( 1 89 7 ) .  So..e _ t e r i a L  i .. nov .va i l a b l e  
tr"", h .. apl o f ltone i ... e d i a t " l y S o f th" loc. l i t y .  

R'f�N"'CfJ" : Criln .. a l l  1 8 9 7 .  p p .  ]0-32 (contain. l i s t  
o f  fo u i l l )  : Kober� , Cr�n",.a l l  1 9 0 9 .  p .  8 (containo 
l i  . .  o f  f O l I i l o ) : Jeppuon 1974.  p .  SA (p=ti,.) . 

RA.'1S.l.SA 2 , 6 1 6 0 3 5 1 J 7887 (VB 2 9 7 8 5760) . " •. 200 .. SSE 
o f  Ra .. siu church. Topo8raph i�al ... p .heet 1 0  Y l t a d  
NO & 2 D Torne l i l l a SO. CeoloRicll ,..p oheet Iua 1 4 2  
Sllvdeborg. 

lIup o f  Itone and Hnne lene. i_diately S o f ,h� 
SE corner o f  the ce ... tery. The ..... tuial d.rive. ho", 
the neighbouring f i e l d � .  

O""d-R""",døa lJg da ,  l ayH 3 a",,�!< CrilnwaLL ( 1 8 9 7 ) , 
Red li .... a , one .nd reddioh-green i . h .a t t led l i_ l t o n e .  
R. 7 1 - )  LJ . u n n  .... b�red PDL .. , . p i  .. . .  T e n t a c u l  i t i d o :  
LonchidillJf! "IObfll"gi, OdusiUø 1.ebi"""is, T .... taculiteø 
,,=[o."'e. 

R"..,.".h: Cron ... l l  original l y  deocr ibed One I o ca l i t y .  
S ,  .. i t h  . .  r a y  boulderl on t h "  f i e l d  lo.e J OO  lO S SE  o f  
t h e  churen. T h e  f i e l d  contin"eo S and SW o f  t h e  ce .... 
et.ry .nd l i  ... . tone bou ld.rl _y today be c o l l . " t e d  
fro .. a o tone fence running louth .. ardl frOflo th. c e  .... 
e t � ry t""ard. the rivu l e t .  eopec i a l l y  c l o u  to the 
rivulet a t  6 1 6 0 2 S  1 3 1 88S (VB 29n 5750) . Hoo o t  I.te r i a l  
stored i n  ""Ieum c o l l e c t ion. i .  labe l l  .. d Ra ... h a A-8. 
Ind deri" .. frol the ''''' Loca l i t i  .. .  o r i g i n. l l y  de-
• c r i bed by Cron"a l l  (189/) and the i n u . rvening f i e l d .  

R.,!øNm"". : C r e n  .... l l  1 8 9 7 .  p p .  3 2 - J ]  (cont.in. l i l t  
o f  fou i I s ) ;  Kober� & C r il n  .. a l l  1909 . p p .  8-9  (con
t.in. l i o t o f f o l l i l s ) : J.ppuon I 9 1 4 , p .  SO (pal"ti"') . 

RAHSAsA l. 6 1MlJ9 1 ] 1849 ( VB  2940 S 1 6 1 ) , Cl .  HO . IISW 
o f  Sa",d .... chure h .  Topographic.1 ... p .heu I O Yl Ud 
1'10 & 2 o To ... l i l h  sa. Geo l o g i c . l  _p .heet AI 142 
Soydeborg. 

For .. r excavu ion a t  th� i n t e r o e c t i o n  o f  • •  _ I L  
d i t c h  ( runnin8 in a culvere) a n d  a f i � l d  ro.d fro", th. 
v i l l age o f  R.","" ... 'o the abandon.d �uarry. The l o c o l 
i t  y i �  i.-d i a t  .. l y  SW o f  " " e r �  • •  "", 1 1  f i e l d  road 
bun�hU ,outh fro", th�

. 
road to th� quarry. The lo�al

l < Y 1 S no longe r lcc .. l I ,b L e .  
Dved-Ra-æ.a S.dJJ. l ay�r  4 Ben8� Cron ... l l  ( 1 8 9 7 ) .  

R�d l i M o tone and s o f t  red IIOuclstone. UnnUllbered POL 
.�1IP l e .  Tentacul i t i d . :  O,u,ssit"" lebi<1""iø, Tentacu
lH .. ø lo� . 

R.m=l1'k" Loc d i ty C o f CrlI"".1l (1897) . Th .. H . l d l  
.. o u n d  t h e  locdity n o v  h o v e  Itray bo"ld . .. . 

R.! ...... """ Cril"".ll 1 8 9 7 ,  p. 3J (coat.inl • 
_""red llction ) ;  Mot.. ra & Criln".11 1909, p .  9 
(co:H.inl a .... u .. d ..  e tion) . 

lAHS.l.SA 4 , 6 1 6 03 1 111851 (VII 2940 5156) , c •• 3n I SW 
of ....... ha  church. Topolr.phic.l .. p Ih.u l O y ... d 
MO ' 2 O T.,... l i l h  SO. Glo108iell .. P Ih""t AI 142 
Silvd.bo r  • •  

Sh.l lov ."pooun On the ult.rn .ide of I ... n 
ri .. W o f  the .... te rTUOOl t  H.ld rOld runnina .outh
word. frOD; th. v i l l.se o f  RIaIha to the rivul.t c •• 
120 . N of Tryddn. 

�d-Ra..,u,a &ø dt ,  l.y.r 4 •• "" .. Cr�n"all ( 1 89 7 ) .  
R<lddi.h-br""" lo ft .... dlton. Ind red thinLy b.dd.d 

!�::�
t
�:m�� ��;."i�·od!�,��!oi�b��!�n�:���-

culitø • •  oo1<lJ'"i. • •  
Røma1'k., T h .  loc.t it)' il t h "  f int outcrop d.

.«ib.d by Crilnw.l l (1897) und"r hi. locll ity D .  S"b
IIqUint l y J'PPllon ( 1 9 1 4 )  d . .  ilnlte d th i. out crop 
local ity ol ' 

R.!.roø .. CI., Criln ... ll 1897 ,  p .  14 . lin .. l - l ;  
Hobe rg • Cril"".ll 1 9 0 9 ,  p .  9 .  bon"," t\lO l inel 
- p . lO. l i nll 1 · 2 ; J'PPllon 1914. p p .  50-5 1 , locel
i t  y O

l
' 

RJJ4SASA 5. 6 16030 13 7849 (VB 29J9 5755) . cl. )90 • Slo' 
o r  R ... t1 .. church . Topo ... phical .. p .h.et I O hud 
NO & 2 O To.l i l la sa. Glological _p .helt .0.1 1 4 2  
S�"deborø. 

ShI L low e.po.ure at the .outh.m .ide o f  . ... 11 
r i  .. i_di.t.ly W of the "ut.r""",,, fi�ld ro.d fro. 
th� v i l laøe o f  Ra •• h. to the d vu h t  Cl .  100 . N of 
Tryde1n. Th. locll i t y  i .  ca. 20 . SW o f  Ra .. I .. 4 .  

�d-Ra..<løa &ødt . I ')'er 4 "M� Cr�n"all ( 1 89 1 ) .  
S o f t  red wud.ton • •  UnnUllbered POL "_Iu .  Tentlcul i �  
t i d . :  T ... t"""litn ro",.,.. 

R.nn�: Th i o  il the ""cond out"rop d .. c r i b e d  by 
Cronw.ll ( l 8 9 1 ) under loca l i ty D. JepPllon { t 974) 
dui8nated i t  02 , 

R.!."",,,,,,,. ,  Cron ... lL L 6 9 1 ,  p .  34. lia .. J-15 (con
uin. l i o t of (olli L . ) ; KobeTll & Cron"all 1909. p .  lO. 
l inn l-Il (conu,nl ! iot  o f  fonilo ) : Jeppllon 1 9 7 4 .  
pp. So-5 1 , localitY 02 · 

RAliSASA. b, 6 1 60 2 9  1 3 1 8 4 5  (V! 293S 5n5 > .  c •• 440 .. Slo' 
o f  Raid .. church. Topographic.l mlP Ihut I O htad 
110 ' 2 O Toee l i lh 5 0 .  Ge o l o g i " a l  .ap .helt .... 1 4 2  
Silvd.borg. 

S h a l l ov e.po.ure on the SW . Iop� of the I_Il riu 
W o f  the wutemlOH f i e l d  ro.d fro", the v i l Lase of 
ltauJ .. to thl r i vu l e t .  The l oc l l i t y  i .  ca .  70 Il W of 
1ta.11l 4 • 

Ovød-R"""dea S.dt . 13yer 4 �."e� Gr�nwall ( L 8 9 1 ) . 
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RI.rtlI"k.: Crilnwa l l ' ,  ( 1 8 9 7 )  t h i r d  expo.ure under 
loca l i t y  D .  Ind d . .  cribed . .  the loca l i t y  .. h.re Lund
gren ( l B 1 4 )  and Linnarllon ( J 8 H )  obtain.d t h . i r  
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Linnarllon 181S .  p .  280. l i nu 9-24 (containl l i s t  of 
fOll i i l :  Cron .. all 1 8 9 7 .  p .  )4 . botto .. n i netun l i n  . .  -
p. 35. l i neo 1-26 (cont.in. l i o t o f  fOlli l o ) : HooblrS 
& Cronwa t l  1909 . 1' .  10. lin .. 12-34; Jeppllon l 9 1 4 .  
p p .  50-5 1 .  lccatity 03 ' 

RAMS.l.SA 7. 6 1 6 0 1  1 H M  (VII 293 5 7 5 ) , ca. 500 lO SW o f  
Ma",oJ .. church. Topoguph i c ,, 1  .. ap . h e e t  I D V I t . d  HO 
& 2 D TOM l i l h  sa.  Geo l o g i c a !  .. p I h u t  A a  L 4 2  S�vde
bor�.  

S_II .bandon.d and nOW d�ltroy. d .  quarry approx i 
. .  t e l y h a l f  .. a y  b . t  .. e e n  Ra.ll . .  6 and R a  .. o i  . .  8. 

O",d-R(JM'JJ.a BIlda. la1er 4 , . " ,, �  Crilnw. l l  ( 1 89 7 ) ,  
Rlddi.h-brown • •  i l ty .udltone .nd .icoc"oul a i l t 
.ton •• Unnwat>.red PDL 1 ..... l e l .  Tentacul i t i d . :  None . 

R.nnl"ks, Loc a l i t y  ;; o f  Crilnvil l ( 1 89 1 ) . The •• a I L  
�u.rry f o r  ' r l ndotonu .... . l rudy f i  l i ed I n d  covered 
.. i t h ve8ua t i o n .t the t i  .. o f Gllrn .... l l ' .  p.pe r .  

R.!" ... """", H i l l Ion L842 . p .  1 7 :  Criln".11 189 7 ,  
p .  1 5 ,  botto. l i x  l i n l l  - p ,  3 6 .  l i n  ... 1 - 2 :  Moberg & 
Crdn ... tt 1 9 0 9 . p .  10. bottOlo four l i n e o .  

RAMsAsA 8 .  6 1 60 2 h  1 3 1830 ( V B  2 9 2 2  Sn 3 ) .  C". 5 BO  .. s w  
o f  1ta",.1 . .  church. Topographicol ... p .heet 1 0 Yltad 
NO & 2 O To_ L i l l .  sa.  Geo L o g i e a l  ... p Ihut A. 142 
50vdeborl, 

Abln(\oned and l a r l · L y f i l led quarry on thl northern 
. I ope to ... rd. Tryd .. ln .  c a .  lOO .. N o f the rivu l e t .  
c • •  1 7 5 I NW o f the "eotern1llO o t bridSe over TrydeA" . 

O".d-R""",<I�a B<ld.., hyer 4 , ... s �  Cron .. a l l  ( 1 8 9 7 ) .  
Reddi.h-brmm . .  n d o t ""e .. i t h  intert a l o t ionl o f  red 
.hale and 10toe t h i n  bed. of ud l i  .. Hone. RI 67·3 U. 
Ra 1 1 -1 KL, unn"",bered POL 1I"", l n .  Ton,.cu l i t i d . ·  
LonchidiUM a"",,�lli, L .  IJIObøl"!Ji , Otkesit". lel>i" .,... 
eia, T ... t4CI< li U8 �ootari" • 

Re"""",,,: Cr�nwa l l · .  ( 1 8 9 1 )  loca l i t y r. Tod.y only 
lay.r . ..  to r &re Icc . . .  i b l � .  

R.f., ... maa", Lundbolua L 8 9 1 .  p .  2 4 :  C r d n  ... a l l  1 8 9 7 .  
p p .  36-39 (contain . .. euured u < t ion o n d  a l i  . .  o f  
fOl l i l . ) , liob. ra 5 C ro" ... 1 1 1909 . pp. l 1 - I J . l inn 
1-7 (eont.inl ... "red u c t ion and a l i l t  o f  fou i h ) : 
1 9 2 9 .  p, 1 9 2 , l io,, 16 - p . 1 9 1 .  l i neo 1-5 (cont.in • •  
.aaured ... c t ion) , Llh .. n 1 9 1 1 , 98 p p . : RegM I l  1960.  
p .  31,  l i n  . .  15-16,  Lind. ert;., 1960 . p .  330:  J"pp • •  on 
1974 . p ,  � 1 .  

RAHSAsA 9 .  6 1 6 0 2 7  1 37 7 6 2  ( VII 2855 � 7 5 2 ) . C l .  1 2 2 0  .. 
Wsw o f  h .. d . .  church. Topogrlphical ... p .hut 1 O 
Yotad NO & 2 0 T�li L l o SO . Geol08ical ... p .hut 
Aa I 4 2 Sovdlbor,. 

5 ... 1 1  e"po.un i ..... d i . t e l y e .. t o f the wll . . rn.oo t 
1 .... l l lub.idi.ry brook to Tryddn, where the po"e rl inl 
crolles the brook, c • .  7 5  .. N o f Trydeln, The l o c . l i t y  

:":t:�i!��
g.r .cce l l i b h  but i .  cov.red by dUlped 

G.,.d-RamøMa 81dø .  loyer 3 8e .. a� Crilmta l l  (1897 ) .  
R.ddi.h-brown .... dotone .od t h i n b.dl o f  reddilh-bro,," 
l iMI tone . Ra C 66-2 U .  Tentacul i t i d . '  /,cndlidi"", 
"IOb.t'(Ji, T ... t,,= ti t •• • "",Z""',,. 

R.Iftl1'I<8: Locll ity G o f  Criln .. all ( 1 89 1 ) .  The LoeaLity 
.. .. r . p o r t . d  by Cril"". I L  . n d  I l t e r  by Hooberg & Crdn
"a l l  ( 1 909) a .  pooriy expo • •  d b�e.u .. o f  _ t e r i l l  
du,"ped t h e r e  fro. the .urroundin8 f i . l d a .  

R'f""'"CI'" Koberø 1888 . .... P :  K o b e r g  1 8 9 1 .  p .  1 5 .  
t i nu 1-8;  Cril"".LL 1 8 9 7 .  p p .  19- 4 0 :  Hober8 & Crlln .. a L l  
1909 . p .  1 3 ; J,ppllon I9J4 ,  p .  Sl . 

IW-I S ,l. S A.  1 0 .  6 1 602 l l n s  (VB 285 5 1 5 ) . C l .  1 300 .. \lSII 
o f  RI .. lhl church. TopoRraph i c o l  ... p .heer I O V. ' a d  
, 2 O To.e l i l l l SO. Geo l o � i c . l  ... p o h e e t  A.a 1 4 2  Sovde
b o r g .  

S u r t . ., e  e x p o s u r e  O" th • •  o u t h e r n  l i d �  o f  a . .. .  1 1  
r i s e  i ...... d i . t . l y E o f  the rai l".y cut in Pre" . . .  b r t . n  
r o c k l  It Fyleda l .  The u p o . u r e  i .  no l o n g e r  acc . .  � i b L  • •  

O",d-R(JM'Jd.a lJg da .  hy .. r 3 ø ....... Cronwa l l  ( \ 89 7 ) .  
Reddilh-bro,," mud orone.  R I  H 66-1 U ,  unn .... b .. r e d  POL 
oaoap l e .  Tentac u l i t i d . '  Tc"ta=lit." loZW!, T. �cal.ari�. 

R".rtl1'kø' Loe . l i t y  H n f  Crlln".11 ( 1 89 1 ) .  The eXict 
pol i t i on i a d i t t i c u l t  to dlte nmine b.c.uoe o f a pro
l i f i c  cover o f  vegeta t i o n .  

R'f."""""'" Mo b e r ,  1893. p .  1 7 .  b O H O II  ) l i n  .. ; 
Cronw.ll 1 8 9 1 .  pp. 40-41 (cOM,inl l i n  o f  f o n d . ) , 
Hoobtrg l Cron,,"11 1 9 0 9 . p . 1 3 (contlin. l i l t o f fo.
l i l . ) ; JepplSon 1 9 1 4 .  p .  S l .  

RAMS.l.SA I l .  6 1 6 0 4 1  1 3 7 7 6 1  (VS 2854 S 7 6 S ) . c . ,  1 200 • 

WSW o f  h .. l l  . .  church. Topogr&p h i c . l  .. ap _heet l fl 
VIUd HO & 2 O To.., l i l l .  sa. Geologieli I.p .h.et 
A.a 1 4 2  Silvdebors. 

Te.porlry e.c.va t i o n  and 1 .... 1 1  .urh�� �xpooureo in 
the . l ope c • .  I S . W o f t h . ..  e l ternllOll .... l l brook 
runn i n g  to Tryde l n .  c ' .  22S Ol N o f  Trydein. Th� l o c t l 
i t  y i l  only .cc u . i b \ e  by d i gg i n g .  

:·".d-R"",,<I.a Bø ds .  layer l u..s .. C r o n " a l l  ( 1 89 7 ) .  
R�ddi.h-bro>m . o f t  ludnone. Unn ..... bered POL ""Ph • •  

T.ntae u l i t i d "  None . 
Ril""',*,, : The Ioc. I it y i. deli gnated I .  by Hoob�rø 

' Cron"a l l  ( 1 9 0 9 ) . 
R.,! .... """" Hoobera & Cron,,"11 L 9 0 9 .  p .  1 6 .  l i n  ... 

18-37 . 

RAHS,l.SA 1 2 .  6 1 6038 1 3 7 7 64 (VB 2857 5764 ) ,  ca. I L a  .. 
\lSlI o f ltl ... 3 . . church . Topo graph i c . l  .... p .h .. t l o 
hud ! 2 O To ... l i l l a  50. Geo l o g i c a l  .... p Iheet A.a 1 4 2  
Sovdoborg. 

Te .. porary ."cava t i o n  .'nd ..... 1 1  brook u�tion a l ong 
th . ..... . t e rnlOOl t  1 ... 1 1  brook runn,ng to Tryd .. ln, c a .  
200 . N o f Trydeln .. nd at the point .. h . r e  t h e  power 
i ,ne crouu th� brook . The 10c .. 1 i t  y i l  nn .. o n l y  
acc e o l l b h by d i g g i n S '  

G.,..d-R",,-døa &dt.  hyer 3 �">"I$" C r o n w a l l  ( 1 8 9 7 )  . 
Reddi.h-brmm .cf< "'udoton�. Unn""b.red POL ",,"pl . . .  

b��:��!! t �:��.�:;�i�::'"ta� 7t=1 ;� l�ri::
be1'Ji ,  

Re"IG.N8' Lo". l i t y  l b  o f  Koberl I C r o n  .. a l l  ( 1 9 0 9 ) . 
They .... de a 6 , 7 "' .xc.y.tion fr01l "" i c h abundant 
..a t e r i l l  i • •  y . i l . b l e  in the c o l l . c t iona o f the Pllae_ 
onto l o g i c a l  Depart""'nt at Lund. Th . .. aterial i .  
labe l l e d "J.1<ob Pero" togeth.r " i t h a nu",be r d u i g_ 

nltinl th. l&lIJ>ltd t..d. 
R'!."'�I: Mobn. ' Cril"".ll 1909, p p.  15-16 (e",,

toinl l iat o f foui l o ) . 

UKSASA 1 3 ,  6 1�939 137174 (VB 2861 SUl ) ,  ca. IHO . 
S1oI o f lta_I . .  church . 'rOPOIUphicol .... p .h .. t I D  
Yn.d HO . 2 D T .... l i l l .  50. e.ololieal .... p ,h""t 
AI 142 Sl!vdlbor • •  

T'lIpOrll1' •• c.vttion in t h e  . t . " p  of  fO�''''d dopt , 
ca. 100 . Il o f  tM .baadon.d btickvork. louth of r)'lan, 

tJv.d-R"","dta Boodt ,  I.yer I ....... CrlSn",,1 l  ( 1897 ) .  
Crey Ih.lI .nd l i_lton • •  Una_ber.d rOL " lIJ>h.  T'n
tac"t itid" oa. .. iu, i"'l<1.�, 

R • .oo:IJ'k" Mobu, , Grll"".l l  ( 1909) d . .  l .... t.d thh 
10cal ity .. X. A tr.nch .... dul ln th. 100" Icr •• 
hal fw.y up th, "lop. and th. bedrock "urfac,, "a • 
relch.d tt . d.pth o f onl _ t n .  Hlt.tid frOli tM 

:'::�:V:�
i
::n!: 

IVlihbll It the ,.la.ontolo.ieal Dep.rt-

R.! .... _ . ,  Moberl ' Grllnw.ll l909, p .  lB, lin .. 
10-31 (conUtn, l i o t  of fOlIi la ) : ""ber. 19 10 ,  p .  1 3 9 ,  
bottOil t \l O  l in  ... - p .  1 4 0 ,  l in ... 1-8 (�onuin. l i n  of 
fOl I i l o ) .  

1/l00IHGf: l .  6 1 628 13 75 7  (VB  276 600) , c • •  450 . S S W  o f  
llidding" "h"rc h .  To"".r.phica! .... p .hI.� I O y . u d  110 
& 2 O To.t i lh  SO. Glolo.icel .... p .hut M 142 Silvdl-
borll . 

rellpOury .,,".v.tion. on the S1oI . lop. of the ... l l  
tri.ngul'r pht"'u . Larblr •• t . i_d ilt. ly S of Rod
d i n l e .  Th. bedrock LI on ly .cc . . libh by di"in, • 

Co lonul Shar • • Cny to dark ar.y • •  i l t y  • •  icac.o ul 
ohal . .. i th I� thin bed. of l iMIton • •  Unn_b.r.d POL 
... p l n .  T"nt'''ul i t i d . '  DiariOOOQl1U& t. .. ....: •• .:..... . 

R.IItO.I"k., Thr . .  trenchu ""re uc.vat.d by Hoob.r. 
in 1907 .Ionl thl SW o Iop. o f  Larb .. rl. t ,  .nd ri"h 
.. t.ri.1 i . .. ill IVl i hbl. in the coH"et ion. of the 
PaluontolOlicd Dlp,rt_nt It Lund. The locatity .. u 
d .. ignat"d nO. l7 .nd wal C01lPuh"n.ive!y dllcrib"d in 
Moberg & Tilrnqu il t 1908 .nd llobul ' Criln"'1 1 1 909 . 

R.! ....... C<I. : Mob ... , ' TlI�nqui_t 1908 , pp. 4-13 ;  
Hob'rg ' Cril""all 1909, LoC 1 1 ,  p p .  23-26: Mob.rl 
1 9 1 0 , p .  119. lin .. S-2 1 : H.ddina l929 . p .  190. l in. 
l� : llede 1958 ,  p. 68, lin .. 2-9: hinUI 1 9 6 0 ,  p. 30, 
hOll I-� ;  MartinIIon 1967 .  p .  368,  l inn )0-32. 

SKARHULT 1 . 603856 t l4806 (U8 9861 BS43) , CI. 1025 .. 
E o f Skarhult church. Topolraphic.l ll.p .h •• t 2 C  
HlIII:! �O . c.olOlicll .. p .hllt Aa 92 L""d. 

Expo.ur. It the bott ... o f  BrUn. c • • 225 l !  of the 
.... t l  rOld brids. over Brlln, c • • 41S • ES! of the 
.a"'r""",.t tove� of the c .. tle .t Skarhul t .  Th. 
locllitr i .  only Icc ... ibh .t lo" ".t.r. 

ColonUI Shar • •  l o v e r  .... iddl .. p.r t .  Cr.r . h . l I  .. ith 
int.rcll l t i on. of t hin l i _HOn. b.d • •  Sk AM- l .  

�ta��..!:�;:�!�
lid. '  Dic2'1<'OC01'lU& t ... ...: .. ..:......, o.u.-

Røf'''''''ca. : H.de 1919b, pp. 1 1 3-160 (contain. d,,
.cr ipt ion o f fou i i l ) , Hoddinø 1928 . p .  1 9 0 .  t in. t l :  
H.d. 1 9 S 8 .  p .  6 9 ,  l in  .. 12-25; llI.nUI 1 9 6 0 .  p .  30. 
t in .. 5-1 1 :  Hlninnon 196 7 ,  p .  lb8.  lin .. 20-30 ("on� 
tain. l il t o f p.lnocope o o t r.codu ) : J,ppllon 1 9 1 4 .  
p . l .  

SKARTOnA l ,  6 1 7 7 7 0  1 36�38 ( V B  n08 741 1 ) ,  ca .  231S . 
HNII o f  /N"d church. Toposr.phical .... p Ihut 2 O TOIM
l i l l l  �V. c..oloaLcll ""'p .hut M �6 lIv.d.kloot. r .  
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b .. nd o f th. rold b l t  ...... n Sklrtoft • •  nd Tul l  .. bo. TIM 
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bend It 6 1 7 7 7 1  1 36441 (VB 1 5 1 0  1 4 78 ) .  20 . 1'1  o f  the 
d i t c h .  

OVld-RQ"Ø<I"a 8 t dt ,  hylt 3 " ..... � Cr�n"a l l  ( 1 8 9 7 )  • 
Crey .h.ie .nd .udltonl .. ith t h i n  int'CCllltion. pf 
IUY l i _ l ton •• Sk 68-1 U. Sk 16-1 KL. T.ntlcul i t i d . ,  
Lonchidi"", lP1C1b411'fli, T.., taauHt. • •  oa !......: • • 

Rø!ø ... "!». , Jeppnon 1 9 1 4 ,  p. SO. Th. fOllo"inl 
pap . .. live referenca to the Skartoft • •  � • •  in •• ner. l ,  
H i o i nger lB28 ,  p .  1 8 8 ;  Ang.tin L8S� .  p .  VI l l ;  T u l l b e r l  
1 8 8 1 , p . 2 3 1 .  

SKARTOrTA 2 .  6 1 7 1 6 1  t 3646S ( V B  IS)S 74 7 7 ) .  Cl .  2400 • 
NNII o f  lWed church. Topo.raphieal up Ihelt 2 O T-..
l i  I l .  �v. e.o l o.ica l ... p .hUt Aa 96 I:l""d.k l o o t l r .  

w.ll  d i U i n ø  in the SW c o r n . r  o f  the Ichoolyard. 
10 I HW o f t h e  r O l d  b e t  .... n Skartofu .nd TuL L " b o .  
50 . SSW o f  th� .... oter'"""".t of the d" ... r of h o u a . o  
W o f  T u l l u b o ,  

Ov .. d-Ra1'IIJ<I"a s.dt . layer 3 • .",,� CrilnwlII ( 1 8 9 7 )  . 
Cr.y .hal. Ind .udltone .. ith t h i n  i n . � < c a l l t ion. of 
Ir.y l i_ltnne . Ra 68-2 U, -� U. -5/6 U. Tenucu l i 
t i d . ,  Lmtc;"':'di"", gro.nuaUi, L. ".,b'!"f1i, Odølli-t • •  
l.bi ..... i", T."tac�litaø 1.":1""":,,. 

Røføl"ll .. e.e: Il for Sklrtofu l .  

SKARTOrTA 3 .  6 1 77JO 116�87 (VB 1S56 1 4 7 1 ) . C l .  2'>00 I 
NNW o f  I:lved church. Topogrlphical ... p Ihllt 2 D To ... -
l i l l a NV. Glo lollicll ""p "h.et Aa 86 1W"dlkI0Iter .  

Lo,, " c t i o n in the pond i _ d i . t e l y .outh o f th. 

��::s��!;:
e
� ��'���r�:b:�d Tull . . b o .  1 5 0 . W o f  the 

Owd-R�<I.a B<ldt, I.yer l " .... � Criln".11 ( 189J) . 
Cuy Iho Le .nd I.n.u o f  ,ny l i_Hon .. , Sk 68-7 W .  
T.nt.cul i t i d . : Hone . 

Røfø ... ",a.. : .. for Skirtoft. l .  

St€OSTORP 1 , 6 1 6 0 2 2  1 3 9 L 7 2  (VB 4 2 6 3 5 7 6 1 ) . c a .  1 300 1 
\lSW o f  S.dotorp church. Topoaraphical •• p .hut l D 

!:
t
�:o

H
�i:ril�.!;�

li l l .  50. GeologiClI .... p aheet 

t.o.. .. c t i on .Long th. di tch runn in, NIoI o f th . .... l l  
ro.d b e t  ..... n S_dotorp ch�rch ond Ljungotorp. c a .  SO . 
S o f the d i tch - po_ r L in, i n t e r n e t i o n .  

C n l o n u l  S�al., P. l..d,,,,�i. 'one . D a r k  8 r . y  Ih.l  • •  
Unnumbered P O L  . . .  p l  .. . .  T_ntacuL i t i d l :  Ilone. 

R.!ø ... ",,,.., lIol., 1892. p .  lb .  bott.,.. four l in .. -
p. 31. l i nl l  L - 6 ;  Hede 1 9 1 5 ,  6 �  pp. ( l o c .  a) . (de
t.ihd d u c r i p t ion o f  fauna and L i tholon) ; R.gnHI 
1960, p. 26 ,  l inu 10-14 fro. ,he bOu"",, . L.a u h L d  

<I t  a t .  1 9 a .  p p .  1 1 � .  2 1 7 ,  2 1 8 .  2 1 9  • •  nd 2 2 0 .  

V/lANCHSBORC I ,  6 2 9 5 � 5  IHS8L (VB O&JO 9 2 56 ) .  c a .  
noo . sw o f  Bo.jilkloner c h u r c h .  Topographi".l  DLlP ���:� 2 O T""",l i l l a  liV. Geo l o l i c e l  .... p Ih""t A .. 92 

\I" l l  d i U i n g  on the .hora . ca. no 1 \1  o f  Vreng e l . 
borl· 

G.,.d-R""-<l,,a &Ida . I.y.r S aaml� [ichl'�dt ( 1 888 ) .  
Soft IUY lUdoton. and .hale w i t h occuionll t h i n bed. 
o f  grey l i""'" ton". Yr 66-4 U .  TentacuL i t i d l :  Lcn
chidil#ll g"",,�tli, T ... taaulitu ."",t<lJ'"i.�. 

R.!.,..,nC<lø : JepPllon 1914. p p .  �9-50. 



Instructions to Authors 

Manuscripts are to be  sent to the Editor. The author's 
permanent and temporary addresses are to be  given. The 
manuscript will not be  returned to the author until the article 
has been printed, and the author is requested to retain a 
complete copy. Proofs will be sent to the author twice ; the 
author is expected to read them carefully and to return them 
promptly to the address indicated.  The author will be charged 
for changes against the manuscript made by him in the proof. 
The author will receive 50 reprints free of charge. 

MANUSCRIPT 

The manuscript must be  typewritten ( carbon copy not 
acceptable ) on one side of standardized paper, double 
spaeed, and with an ample left margin . The text must be 
clear and concise, and written preferably in English ; German 
or French manuscripts may be  submitted. Manuscripts should 
be arranged in the following orde r :  ( 1 )  Informative but brief 
title .  Avoid titles with interrogative form, abbreviations, 
formulae, and brackets. ( 2 )  Author' s name ; one or more of 
his forenames unabbreviated .  ( 3 )  A short abstract, always in 
English, not exceeding 1 2  lines ( 9 1 0  letters and spaees ) ,  and 
starting with a repetition of 2 and 1, with a translation in 
parentheses of non-English 1:itles.  ( 4 )  The author's profes
sional address and a dating of the manuscript. ( 5 )  The main 
text. Use three or fewer grades of headings. Indicate in the 
left hand margin the approximate position of figures and 
tables.  The words "Fig." ( " Figs ." ) ,  " Pl ."  ( " PIs ." ) ,  and 
"Table" ( unabbreviated ) are to be written with capital 
initials in the text. In the main text, Fossils and Strata does 
not use small capitaIs, bold-face, or letter-spacing. Instead of 
footnotes, insert paragraphs which can be composed in 
smaller type or use parentheses. ( 6 )  References shall conform 
to the examples given below. Abbreviations used should be 
consistent ; necessary editorial changes will adhere to the 
usage in International List of Periodical Title Word Ab
breviations ( UNISIST/ICSU AB 1 970 ) .  ( 7 )  Captions of 
illustrations, if any. Add an English caption below captions 
in other languages . Figure captions and tables must be sub

mitted on separate sheets. ( 8 )  Tables, if any, with captions, 
numbered with arabie numerals .  When possible, try to 
simplify table material so that it can be run in with the text. 
( 9 )  Explanations of plates, if any. 

Miniprint in Fossils and Strata 

Miniprint is intended for reading with simple magnifying 
equipment and can of ten be read suboptimally with the naked 
eye. I t  has been introduced in some serials within the earth 
and l ife sciences ,  mainly to provide full supporting text for 
synoptic articles. Its introduction in Fossils and Sirata is not for 
main text, but for lists of data which need be read only 
occasionally,  and then as small  paragraphs following entry 
words. The system has been introduced particularly to meet the 
extensive and increasing need for locality definitions in modem 
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Figures in the text should be reducible to a maximum size of 
1 7 . 1  X 25 . 3  cm or less. It is recommended that figures be 
constructed either for the entire width of the type area ( 1 7 . 1  
cm ) or for the column width ( 8 . 1  cm ) .  Line drawings ( maps, 
sections, etc . ) may occasionally be  allowed to extend into 
the inner margin of the page by an additional 2 cm. On all 
figures should be the author's name and the figure number. 
Do not attach captions to the figure. Photographs are to be 
clear, sharply contrasted, and printed on white paper with 
glossy finish. Photographs of fossils, however, should be made 
without very pronounced light areas or very heavy shadows ; 
the shadows are to fall consistently towards the lower right 
corner of the figure. Figures may be composed of severaI 
quadrangular units separated by 1 mm broad spaees . The 
items in composite figures should be  similar to each other 
in tone. If the natura l background is to be deleted, blacken
ing is preferred . 

Plates should be prepared for an area of 1 7 . 1  X 25 . 3  cm. 
The items of composite figures should be  designated A, B, C, 
etc. ( not a, b,  c, etc . ) .  The items in composite plates should 
be designated 1 ,  2 ,  3 ,  etc. ( not italics ) .  All figures, plates, 
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palaeontology and stratigraphy . The extra in-house work 
required to provide camera-ready copy is more than com
pensated by the elimination of typesetting and proof-reading, 
and much space is saved. 

Authors wishing to subrnit carnera-ready copy for rniniprint 
should consult the editor beforehand with regard to type-faces 
and typewriter ribbons. It is  recornrnended that lists should be 
arranged as in Nurnbers 1 1  and 1 2 .  




