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Preface. 

The investigations on which the present paper is based were carried 
on during stays of varying length on Öland during the summers of  1939 

1 948 .  In 1 939 I col\ected fossils during a week at Böda hamn (the Har· 
bour of Böda) , Hälludden , Tokenäse hamn,  and Byrum.  In 1 94 1  I obtained 
an OTTERBORG's travelling scholarship, and for an orientation I travelied all 
over Öland from the south to the north over a period of 5 weeks. Later, 
I worked chiefly in the northernmost part, from the parish of Föra north­
wards, after having found that a detailed investigation of this area was 
necessary to get a correct comprehension of the stratigraphy of the Asaphus 
l imestone.  During the summer of 1 948 I worked together with three palaeon­
tologists, Mr. V. JAANUsSON and Mr. H. MUTVEI from Estonia and Mr .  
B .  KURTEN from Helsingfors . Our plan is to write a comprehensive mono­
graph on the Ordavieian deposits of Öland .  The present paper has to be 
regarded as a preliminary report and it contains chiefly the results of my 
own fieldwork and the study of  the fossils collected by myself. 

When I decided to go back to Öland after my first short visit in 1 939 ,  
Professsar C. Wiman , who took part  in the earlier geological survey of 

' I t  has been pointed out that the term "Asaphus Iimestone" ought to be replaced 

by the term "Vaginatum Iimestone" which should be used to  designale also the Gigas 

l imestone. As the present paper i s  mainly a revision of  older work at which the  former 

term is the one most commonly used and WIMAN has drawn the limit between the so 

called Asaphus.limestone and the Gigas limestone on his Solid maps which are discus­

sed below, i t  might be permissible to use the tenn Asaph us  l imestone leaving the ques 

tion of the most appropriate definiti on of th e units of the section to be dcalt witl1 in 
l ater more detailed papers. 

35*- 48705 Bull. of Geol. Vol. XXXIII 
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the island, expressed the wish that I should try to discover why the red 
Upper divis ion of the Asaphus limestune is not found north of a locality 
situated on the boundary between the parishes of Föra and Persnäs, i .  e .  
if t he  red l imestune thins ou t  towards the  north or if i t  changes its colour. 
I think that I have been able to answer this question , thanks largely 
to several splendid exposures which were not available when WIMAN earn­
piled the Solid map of the region .  I am also greatly indebted to Professor 
WIMAN (t) for the unflagging interest with which he followed the progress 
of my investigations in Öland. 

I have twice bad the pleasure of leading excursions from the Palaeon­
tological Institute at Uppsala, which gave me the opportunity to discuss 
my seetians with experienced geologists . Among the members l want to 
mention Dr. ELSA W ARBURG, Dr. I .  HESSLAND and Mr. V. ]AAKUSSON. I t 
has been especially valuable to h ave a chance of working tagether with 
palaeontologists acquainted with the geology of Estonia which , perhaps 
more than any other Cambro-Silurian area is important for the interpretation 
of the stratigraphy of the fossiliferous deposits of  Öland .  

1 .  lntroduction. 

The fossil iferous sediments which build up Öland have been the sub­
j ect of earlier extensive investigations ,  but what has been published deals 
chiefly with the Cambrian sequence of strata or with the basal beds of the 
Ordovician . The Orthoceras l imestune has been badly neglected. The l i tera­
ture on its stratigraphy comprises only a few pages, but anyhow if the 
scattered details are put tagether one has to admit that those who have 
travelied on Öland : MOBERG, HOLM, ANDERSSON, WIMAN and others , 
have seen most of what there is to be seen . As regards Northern Öland 
HOLM has pointed out ( 1 882) that in  the Asaphus l imeston e ,  w h ich is 
the subj ect of  the present paper, a subdivision can be made based on the 
trilobites occurring in  the beds, and in  the sea-stacks at Byrum AKDERSSON 
( r 895) has distinguished between a lower glauconite-bearing d ivision and 
an upper division free from glauconite; and he has observed that there 
occurs a dark l imestone bed with ooids at their base. There has, however, 
been a peculiar incl ination to stop at the fascinating seetians at Hälludden , 
Haget, and Byrum without asking how the richly fossili ferous Asaphus 
l imestune in these localities is separated from the Limhata limestune below 
and from the Gigas l imestune above. 

The Solid maps published by Wll\IAN (1904 a a nd b) give on the 
whole a correct pi cture of  the exten t  of the outcrops of the various divisions 
of the Ordavieian sequence of beds. 

* 
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Two circumstances have facilitated my work : 
1 .  During the early forties Northern Öland has been electrified and 

where the power-lines cross what is in  Öland called "alvar" (extensive areas 
where the l imestone l ies bare or has only a very th in  covering of soil) one 
had to blast to get the poles down .  In the fil l ings around these poles rich 
samples of the l imestone are available at intervals of between 50 and So 
metres . The depth of the ho les is about 1 '/2 metres and the fillin g must 
evidently consist of a mixture of l imestone fragments from several beds. 
In reality however, the thickness of beds from which the material is derived 
is less than 1 .  5 metres . The hale is name! y funnel-shaped and all th e l arg er 
blocks in  the fill ings must come from the wider upper part. The lower 
narrower part is cylindrical and was scooped out in  rock which was finely 
crushed and even burnt at blasting. The series of samples obtained along 
the I ines have proved to be very useful as a complement to the seetians 
m the quarri es and along the shore. 

2. On the alvar between Stenninge and Sandvik,  and near Gunnarslund 
in the parish of Persnäs, quarries were opened i n  the Asaphus l imestone, 
which is otherwise poorly exposed in  that region .  The seetians thus obtained 
comprise tagether about 1 2  metres of the sequence of beds . Unfortunately 
the quarri es were soon abandoned and are now filled with water. 

2. Field reconnaissances. 

Below I am first going to describe a seetian on the shore west of Haget, 
which is the locality in  the parish of Böda which I know best and where 
a comprehensive series, from the middle part of the Limhata l imestone to 
the middle division of the Raniceps l imestone occurs within a l imited area . 
This section can be easily connected with seetians along the shore north and 
south of Haget (Ölands Norra udde - Byrum) .  Then the connection will 
be extended to the parish of Persnäs to get the continuation of the seetian 
upwards to the Platyurus-l imestone .  

I shal l  go back to the parish of Böda , and using my experiences from 
Persnäs try to identify higher members of the Asaphus limestone than those 
exposed in  the shore sections .  

Then follows a comparison between the sequences of beds in  the parishes 
of Persnäs and Föra (north and south of Hj elmestad in the parish of 
Föra which is the critical local ity where the "Upper red Asaphus l imestone" 
was supposed to disappear towards the north). 

Finally in Southern Öland I have made only shorter excursions and I 
h ave not yet been able to attack the greater problem of how the Asaphus 
l imestone th ere with the marked sphaeronite bed at its base may be correlated 
with the seetian in Northern Öland where such a bed is not developed. A 
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fe w observations w h ich might be of  importance for the solution of this pro­
blem can only be touched upon . 

The li sts of fossils are prel iminary and comprise chiefty the trilobites. 
Many species of bracbioporls will probably turn out to be of importance  
as  index fossi ls .  They h ave ,  however, not  yet  been studied in  detai l and 
in the present paper the group is dealt with quantitatively, an abundance 
of specimens of brachiopods being characteristic of certain parts of the sec­
tion , whereas in other parts brachiopods are rare. 

The same is true about  the gastropods ,  cephalopods , and bryozoans, 
which were excluded from the lists as the m aterial collected does not give 
an adequate idea of  the occurrence of the representatives of these groups 
in the sections (so for example are gastropads of the genus Lesueurilla very 
abundant i n  some beds of the lower part of the Raniceps l imestone, but 
only a few specimens were collected) . 

Finds of other groups (lamellibranchs ,  graptolithes and conularias) are 
so sporadic that they are of no interest for the present paper. 

Haget. 

This section (figs. 1-3) is situated between Runderums Sandvik and 
Hagudden (the map sheet Oskarshamn with Böda) . A photograph of the 
section is reproduced i n  the Explanation to the sheet as an example of 
erosion by the sea waves. 

Below this section a low shelf extends some tenths of m towards the 
west .  At h igh water-level, as during the summer of 1948, a great part of 
the shelf is covered by water. 

The beds dip gently (approximately 2: 6oo) towards the north so that 
lower and lower beds are met with on the shelf when going south . The 
measurements for the beds forming the shelf were taken during a hurried vis i t  
i n  1947 and i t  h as not  been possible subsequently to check them . They 
are, however, largely correct ; - in  such an exposure they can never be 
absolutely correct, as one has to measure the thickness of the beds one 
by one  and often follow a bed for several m before one reaches a point at  
which the thickness of the bed on top can be  measured. The total thick­
ness of the beds on the shelf (to the bottom of the bed a in fig. 2) is th e 
sum of n early 30 measurements in a distance of about one hundred m. 

As one of the starting points for our measurements a very characteristic 
bed was ehosen in the L imhata l imestone, known among the workmen in 
the quarries as "Blodläget" . ("the Bloody Layer") . The bed contains with in 
a thickness of about I 2 cm three thin layers with "warts" of hematite .' 

' These excrescenses are best developed samewhat above the mi d die of the  bed.  A bo ve 
and below this leve! they are l ess conspicuous .  
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Fig. r. The northern part of the cl iff at Haget from the south . The lady stands on the 
upper surface of the bed "b" (see p .  5 36). 

These have a diameter of usually z or 3 cm and they lie scattered all over 
the bedding planes at fairly equal intervals (a few cm) . At !east in some 
cases the hematite must have accumulated around fossils (remains of the 
shell of orthoceratites can be completely imbedded in a mass of  hernatite 
possibly formed so that a m1mber of warts around the shell fused ) . Cross­
seeti ans through the warts , which one can eas i ly find among the waste 
from the stone factories at Sandvik,  show that they are sharply confined 
upwards whereas downwards they grade into normal l imestone .  (The hema­
tite was precipitated on the surface and penetrated to a depth of a few 
mill imetres between the small shell fragments which build up  the l imestone . ) 

The "Biodläget" occurs in  all quarries, from one situated a few km 
north of Byxelkrok at !east as far as to Sandvik in the parish of Pers näs , a dis­
tance of more than 30 km. The bed undoubtedly occurs far north and south of 
these localities, although i t  crops out below sea leve! or i s  for some other 
reason inaccessible .  (I have not had an opportun ity to search for this bed 
south of Sandvik since its importance for the  stratigraphy was discovered) . 
That it is the same bed all the way is beyond doubt. This  is sufficiently 
proved by the experience from the quarries where i t  fits weil i nto the de­
tailed subdivision of the l imestone which h as of old been appl ied by the 
workmen .  Moreover, i t  is unth inkable that such a peculiar bed which is 
developed in exactly the same way wherever it i s  exposed and is never 
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repeated rn the same section should have been deposited at different times 
in the different localit ies .  The bed undoubtedly represents a un ique chemical 
or b iological course of events effected by an occasion al composition of the 
sea water, an occasional flora of bacteria (or organisms of some other kind) ,  
or the l ike .  These conditions obtained during  a short period only, enough 
for a l imeston e bed with a thickness of about 1 2  cm to be deposited and 
for the excrescenses of hematite to grow during pauses in  this sedimenta­
tion (see p .  56 1 ); they culminated in three or four precipitations of Fe2 03, 
and then notb ing s imilar occurred in the region (unless possibly a coating 
of red iron oxide on fossils - especially orthoceratites - in the upper­
most divis ion of the Raniceps l imestone might be due to similar causes) .  
The beds below "Biodläget" are of a decper red colour than those above, 
w h ich are to a great ex tent reddish grey.' Higher up the red colour fades, 
and glauconite which is present already i n  the uppermost beds of the red­
dish l imestone as minute scattered grains, becomes more abundant. In some 
parts it  occurs in such a great quantity that the beds appear to be of a bright 
green colour when seen from a distance, especially when they are wet. 
Single beds in the glauconite-bearing series can , however, be practically 
devoid of  glauconite (see below) . 

The first appearance of  glauconite evidently does not coincide with a 
change in the fauna.  Megalaspis limbata stil l occurs in  grey glauconit ic 
l imestone .  

Only a few of the beds on the shelf have t i l l  now been studied in 
c lose detai l : 

In a grey bed contam mg no or very little glauconite, I -4 m above 
"Blod läget'', we re col lected : 

Megalasp is !tyorrltina 
Asap/tus ej. lepidurus 
Ptychopyge ej. angustffrons 

' About 2. 3 metres below "l3lodläget" another peculiar bed occurs in the Limbata 

l imestone which is known among the workmen by the name of  "Blommiga bladet"  

( the  ·'Flowery Sh eet") an originally red bed in  which funnel-shaped p i ts  were formed 

by corrosion.  These pits are coated with glauconite on  their walls and filled with material 

which forms the bed on top. The l imestone has also been i nfluenced chemically in  other 

ways so that !arge portions have taken on a yellowish brown (ochre) colour. The result 

is a variegated rock in which the  colours (red ,  ochre and green) are about equally re­

presented, and each forms !arge patches on the surface.  I have seen this  bed at Horns 

udde and not  far north of  Byxelkrok - about ro cm thick and in  all respects similar 

in both l ocalities .  The quarries near S an dvik h ave evidently not  reached down to th is  

bed; i n  one o f  them, h o wever, are beds 2 m below "Blodläget"  exposed. Further south 

the bed must crop out  i n  the c liff between Djupvik and Äleklinta i f  it stretche s  that far 

(the same might be true of "Blodläget") 

Below "Blommiga bladet" th ere l ies at Horns udde 2 m of limestone and below that 

glauconit ic l imestone, conglamerates and stinkstone which, by a thi ckness of about one metre 

separates the Orth oceras l imestone from the Paradoxissimus beds (cf. HADDING 1932 p.  36). 
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In a block of similar limestone found on the shelf by Mr. KURTI�K, 
the same species were recovered , a pygidium of Asaphus leptdurus in such 
a good state of preservation that there is no  doubt about the identifica­
tion . • In a bed rich in glauconite a couple of dm higher up in the section 
were found : 

Megalaspis acuticauda 
Asaplms sp . 
Pt_ychopyge if mzgustrifrons 

The next bed (c:a 30 cm . thick) has glauconite only in its lower part. 
In the upper 2 or 3 centimetres glauconite is  absent .  In its stead there 
are small pale brown fragments of fossils (l imonite impregnation) . The lime­
ston e itself is i n  this uppermost part darker than that below and easily 
recognizable when it  occurs as blocks on the shore (north of Haget pygid ia 
of  Megalaspis acuticauda and an Asaphus sp .  were collected from such 
blocks) . 

Then follows a peculiar bed without glauconite in which three layers 
can be distinguished: 

At the bottom of the bed (3 cm ) l ies an almost black, soft ,  marly lime­
stone crowded with small black ooids . The only fossil found in  this layer 
were a few small brachiopods. Other fossils probably occur, but they seem 
to be rarer than i n  other beds, which, too,  must be characterized as "poorly 
fossiliferous" . 

Upwards this soft l imestone becomes harder and passes gradually into 
the middle division of the bed ( 18  cm ) . The lirnestone is still dark bu t i t 
is so full of small brown pseudoaids (small fragments of fossils of an in­
tenser brown colour than those mentioned above from a lower bed) that 
the bed as a whole has the appearance of being rusty. The bed contains 
the following fossils: 

Megalaspis acuticauda 
» gibba 

Asaphus expansus 
Niobe sp .  
Ptychopyge cf. angustifrons 
Pseudoerania sp .  

There is  also another species of Asaphus which is not A .  ex-pansus and 
which rnight be A .  raniceps (or a member of  the raniceps group) . 

The top layer again consists of black soft, ooid-bearing l imestune (3-4 
cm) exactly l ike that in  the bottom layer and also contain ing very few 
fossils. 

' A Lepidurus zone has been di stinguished i n  Estonia and Mr.  }AAN USSON warned 

me that Asaphus lepidurus might occur in the sequence of strata i n  Öland below the 

Expansus zone. A rather !arge material of the species was collected in 1948 and good 

specimens were also found i n  earlier collections. 
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During the field work this bed was designated as the "ooid horizon" 
(a i n  fig. 2') . It  i s  developed in the same way at Hälluden (exposed only 
for a very short distance near the water- l ine) and at Byrum,  and when 
possible i t  was made the starting point for all measurements, th e upper 
surface of the bed being put as ± o m. 

ANDERSSON ( 1 896) mentians the bed cursorily. Its great importance for 
the stratigraphy has not been noticed by earlier writers - the bed being 
the most obvious part of the Expansus zone which was thought to be 
wanting in  Öland . 2  

The  transition from underlying beds t o  the ooid harizon i s ,  a s  mentioned 
above, marked by a layer in termediate in  structure. Above follows abruptly 
a very bard grey, glauconite-bearing bed (b in  fig. 2) , 4-5 cm th ick, and 
identical i n  structure with several of  the glauconite-bearing beds below the 
bed a.  This thin bed is resistant to erosion and it  forms a shelf about one 
m wide which can be followed for a couple of hundred m along the base 
of the cl iff. The surface of the shelf is smooth , except in  the interior of 
the deep notch in the section where it is covered by uneven remnants of 
the soft bed following above.  

The bed b is the last representative of the type of sediments met with 
in the lowermost part of  the Asaphus limestone and the uppermost part 
of  the Limhata l imestone : bard solid beds which form marked steps on 
the shelf along the shore .  Some of the beds are even quarried though the 
l imestone is inferior i n  quality to the Limhata limestone proper (the red 
and reddish grey varieties) . 

The bed is poorly fossil iferous . Only a pygidium of a Pterygometopus 
sp . , remains of  an asaphid ,  and a few small brach iapads were collected .  

In the sediments above b four divisions can be distinguished according 
to their colour due to a varying amount of silt and glauconite, and the ir  
fossil contents. A common feature of the whole series is that the beds easily 
break up inta lenses of varying size and therefore form a valueless over­
burden wherever they occur in quarries (called by the 'A'Orkmen the "hors" ) .  

The bed c i n  the seetian (fig. 2) is dark green and consists of  soft ,  
marly l imestone extraordinarily rich in  small grains of  glauconite and con­
taining occasional lenses of bard , l ighter-coloured l imestone with a h igher 
percentage of  CaC03. The fossils often occur in nests separated by larger, 
poorly fossil iferous parts. Large brachiapads (fru r zonatus (DALM.) Anti­
gonabonites sp . ,  Ortlzambonites sp . , Lycoplwria nuceila DALM. and others) 

' In the fol lowing the Jetters aj are used to designare certain easily dist inguishable 

beds (or sets of beds) in  the  upper part of the section forming the cl iff at H aget. 

' MOBERG 19 1 r. REGN ELL ( 1948) mentions Asap/tus e.rpansus with hesitation from 

Southern Öland according to a paper by MOBERG in r88o. vVJl\IAN has had several 

specimens from the neighbourh oocl of Borgholm (Greby, parish of Repplinge) founc! in  

the  tieids by farmers. 
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Fig. 2. Section through the cl iff at H aget. For the lettering see the text. The arrow 
shows the position of  the smooth bedding-plane above the Expansus zone.  

Fig. 3. Part of the  cliff at Haget from the south . In the fore-ground a vertical surface 
along which a portion of the overhanging rock has fallen down . 

form a conspicuous element in the fauna .  Both sheils are often in  j uxtapo­
sition, i n  Lycophoria usually with a fill ing of calcite crystals i n  the space 
between the shells . Trilobites often occur, or even as a rule, as complete 
specimens with weil preserved chocolate-brown shells. Often they stand on 
ed ge in  the matrix (see p .  5 5 9) and were t hen most! y deformed w hen the 
comparatively soft marly l imestone was campressed under the weight of the 
beds deposited on top. 
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The bed betongs to the zone with Asaphus expansus hut also A .  rani­
ups seems to occur. Other trilobites from the bed are a Pterygometopus 
sp. and Ptyclwpyge augustifrons. Megalaspis acuticauda certainly occurs 
in  the bed hut determinable specimens have not yet been collected at 
Haget. Large, semispheric colonies of a trepostomate bryozoan (Monti­
culzpora or a related genus) are guite common . Two specimens of  a 
Conularia (most probably C. aurora HOLM) were found. See also p .  543 ,  
Eskilslund.  

The bedding plane between the beds c and d is remarkable because 
the contact surfaces are as smooth as natural surfaces can weil be. Th is 
is, evidently, chicfly the result of a packing and consolidatian under water 
of the surface layers of  c before the bed d was laid down . On the other 
hand very l ittle of the formation of the surface seems to be due to erosion, 
either chemical or  mechanical .  The only influence of th is kind that can be 
demonstrated beyond doubt is that in  Cephalopods the part of  the shell 
once protruding above the upper surface of c has been dissolved.  This  
smooth surface can be traced along the whole exposure . I ts  situation in 
the section ,  far in  below the overhanging portion of the cliff, makes it  a 
rather awkward enterprise to study it .  However, as the bed c is softer than 
d a narrow strip of the natural lower surface of the latter was laid bare, 
and one can search for this surface with the hand and in that way easily 
get an orientation in the section .  

This bedding plane seems to  be important also because Asap/tus ex­

pansus has not  been found above i t .  More extensive collecting is ,  however, 
necessary to make guite sure on this point .  

The bed d i s  l ighter in colour than c because its marly, r ichly glauc­
onite-bearing component is of secondary importance in comparison with the 
lenses of harder l imestone .  Brachiopods are persistently very freguent .  The 
bed passes gradually into the bed e wh ich is green and marly and largely 
a repetition of the bed c. Our collections from the seetian at Haget are 
as yet available for study only to a comparatively small extent ,  hut they 
will probably need to be completed i n  many respects before definite proofs 
of possible faunistic differences between the facially almost identi cal beds 
c and e can be presented. 

The surface between the beds e and f is not smooth, hut i t  marks a 
sharp boundary between the marly brachiopod facies of e and the more 
calcareous trilobite facies of f. The pack of beds above the surface (f in 
fig. z ) is more than 1 m thick and consists throughout of fairly loosely­
jointed small lenses of limestune (compare ANDERSSON 1 89 5 ,  p. 17 ) . At 
certain  levels i t  is  interrupted by more distinct bedding planes marked by 
a film of l imon ite .  I have not been able to trace such a surface in  order 
to see i f  i t  i s  contionous all along the exposure (about 6oo m with varying 
profile, mostly so that the contact between a pa ir  of beds is  very difficult 
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to lay bare to such an extent that one  can get a reliable comprehension 
of its character). 

Up till now I have only comparatively small collections from the  levels 
in this compJex of beds (j): on e ,  I I 5-I 2 5 cm above the upper surface 
of the ooid bed , the other from the top of the section in  fig.  2. The lime­
stone is  very fossiliferous and trilobites are the dominating fossils . A list 
of fossils from the top of the section is found on p. s6 6 .  

Higher beds are exposed i n  a ditch above the terrace seen t o  the left 
on fig. 2'. The l imestone is again more massive and less rich in fossils . 
It is l ight grey and contains no glauconite. A good specimen of an "Acida­
spis" sp.  (cephalon and six segments [remnants of the seventh]) was found 
in  a !arge block at the ditch-side .  The following species were identified in 
material collected in I 94 I : 

Pliomera fisclteri (EICHW.) 
"Aczdaspis" sp .  [? Ceratocepltala sotis (ÖI'tK)] 
Megalaspis !teros (DALM . ) 
Megalaspis rudis ANG. 
Asaplms cf. raniceps DALM. 
lllaenus esmarcki (SCHLOTH.) 
Antigonambonites sp .  
Lesueurilla sp .  

Ölands norra udde. 

(The n ortl1ern tongue of Öland.) 

According to the Solid map in the Explanation to the  map sheet Os­
karshamn with Böda (WIMAN 1 904 a) the exposure of Ordavieian beds on 
the northern tongue of Öland consists of "Gigas and Platyurus limestone" 
and according to the text the colour of this limestone  is grey. The map 
is on a very small scale and does not show some interestin g details men­
tioned by ANDERSSON (I896, p. 3 7) and evident also from Houvr's paper 
I 882 (p .  63 and 64) , where the n orthem tongue of Öland is menti oned 
among the localities for lllaenus esmarcki ("Denna art är en av den undre 
grå ortocerkalkens allmännaste" - This species is one of the most common 
ones in  t h e  L o w e r  g r a y  O r t h o c e r a s  l i m e s t o n e) .  WIMAN himself 
has noted in  his diary that grey Asaphus limestone occurs between Bj örn­
nabben and the extreme point of the n orthem tongue (see als o p. 5 5  3 ) .  

As  will be evident below (p .  5 5  3 )  the  Gigas limestone i s  red a t  !east as 
far towards the north as to Byxelkrok, and i t  is d ifficult to imagine that it 
should change from the colour which it otherwise bears all over Öland 
within a few km north of Byxelkrok. 

' During rainy summers the drainage from th is  ditch forms a small waterfal l  at 

the cl iff. 
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Fig. 4. The Lower (or Middle ?) Raniceps limestone at Ölands Norra udde. The exposed 
limestone beds dip towards the south and are at h igh water separated from the shore 

by a shallow c h annel .  

The exposure on the northern shore (fig. 4) consists of purely grey 
l imestone in some of the collected samples conta in ing scattered small grains 
of  glauconite, bu t in  most of the samples, without glauconite .  Its l i thic charactet· 
is s imilar to that of the upper beds i n  Tokenäse hamn (see p .  542) and i t  
thus  represents a h igher leve! than the beds exposed on Hälludden , where 
the l imestone is fair! y rich in glauconite also in th e upper part or the low 
sea-stacks (see p .  541) . It represents a h igh , but not th e h ighest d ivis ion 
of the Asaphus l imestone .  

The material in  the Uppsala museum was collected by s ix members of 
an excursion i n  1 944 and comes from a series of beds with a total thick­
ness of perhaps one m. Therefore, no detailed strat igraphy can be based 
on it . An attempt to collect in the locality in  1 948 proved so difficult on 
account of the h igh water leve! that it was thought best to postpone any 
closer investigation .  

For the l ist  of fossils , see p .  5 66 .  

Häll udden. 

By the n ame of Hälludden is properly des ignated a small area on the 
shore 3 km from the northern tongue of Öland .  It consists of a low shelf 
protruding samewhat towards the north·west (fig. 5 ) .  HOLM has used the 
name also for a low cl iff somewhat south of this place. From Hälludden 
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Fig. 5 The shelf at the sattthern end of H äl ludden siH>\1- ing an inci pient  stage in the 
formation of sea-stacks.  Above some boulders in  the  back-ground a slope of shi ngle (frag­

ments of Lower Raniceps l imestone =a). 

to the neighbourhood of Byxelkrok a continuous section can be fol lowed 
downwards from the lower part of the Raniceps limestone a lmost to the 
bottom of the Limhata limestone (in 1 948 the so called "Blommiga bladet" 
was j ust below the water-level , 1 km north of Byxelkrok) . 

In its lithic character and in its fossil contents the limestone in the low 
stacks standing on the shelf agrees with the series of beds f in the section 
of Haget. The beds immediately below are , on the other hand ,  samewhat 
different. The ooid horizon is similarily developed : i t is black and rich in 
small  rust-coloured fragments of fossils, and it contains Asap/tus expansus. 
But it seems after a preliminary investigation as if the beds inserted be­
tween the ooid bed and those definitely of trilobite facies h ad a much greater 
thickness than in the section at Haget. This conj ecture is based on the 
discovery by ]AANUSSON of a perfectly smooth bedding plane also in the 
Hälludden section, but more than I m above the ooid horizon (at Haget 
45 cm). It is true that there are many other weil marked discontin uities in 
the respective sections but on ly in one  case is the contact surface between 
the beds smooth . MUTVEI, who worked more at Hälludden than I did , is 
of the opin ion that there is a good agreement as regards the composition 
of the fauna at !east a b o v e the smooth surface, if on e lets i t mark the 
same leve! in both localities .  The fauna belO\-v the surface is also the same 
but at Hälludd'en it occurs in a th icker series of beds of another lithic 
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character than the bed c at Haget. This bed should then swell towards the 
north and break up  into several beds . 

In the Hälludden section "Blodläget" lies nearly 3 m below the ooid 
horizon (measured by MUTVEI); the variegated bed ("Blommiga bladet" ) 
about 2 m farther down . 

The fossils in the list on p .  566 were collected in the stacks at Häll­
udden in 1939 and 1941. 

Tokenäse hamn. 
(Tokenäse harbour) 

The shore south of the harbour is formed by a broad shelf influenced 
by wave erosion in  the same way as at Hälludden. The limestone is ,  how­
ever, free from glauconite and thus it represents a higher leve! (see also 
p .  5 5 2 ) . Towards the east the shelf is bounded by a low section of the 
same type of l imestone (thickness not more than one m ) cropping out from 
underneath heavy deposits of  l imestone fragments accumulated by wave 
action . For fossils collected in  this locality, see p .  566. 

Further south lower beds are coming up and the shelf consists of glauc­
onite-bearing l imestone which in all respects resembles the l imestone at 
Häll udden . On ly the following fossils were collected : 

Cyrtometopus clavifrmts (DAUL), pygidium 
Cybele bellatula DALM. 
Lichas sp .  
Asap/tus raniceps DALJ\L 

Large blocks which were deposited on the shelf by ice movements during 
the winters , contain green beds of the same l ithic character and evidently 
of the same thickness as the beds c and d at Haget . As they must have 
come from a lower and permanently flooded shelf, they give us an idea of 
the continuation of the Tokenäse seetian below sea leve! . '  

Byrum. 

The limestone forming the sea-stacks at Byrum is glauconite-bearing 
only in its lower part .  The beds dip towards the north so that at the north-

' Such blocks are also found on the shelf at H älludden.  At first sight one would 

think that they were low sea-stacks formed on the shelf, which had been displaced (cam­

pare ANDERSSON 1 89 5  p. 1 6), as they are approximately of the  same size as these.  But  

an examination o f  the  fossil contents (brachiopods dominating) shows  that  the  blocks 

represen t a lower leve! than the limestone exposed on the shelf. It i s  difficult  to under­

stand how these heavy blocks were heaved over the edge of the shelf from a depth of 

per ha ps more than one m if not  by ice  accumulating on the sh ore du ring westerly storms. 

In the cold winter of  1 946-47 there were such masses of ice on the shore at  Byxelkrok 

that photographs taken at that t ime coul d  as weil have been taken in high arct ic  regions. 
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ern end of the area only the upper part is above sea-leve! (ANDERSSON 
I 895 ) .  

A couple of hundred m south of the area the ooid harizon emerges, 
and at Byrum, too , Asaphus expansus was collected from this bed .  The 
beds following immediately above the ooid harizon are partly full of fairly 
!arge ooids consisting mainly of calcite (up to 3 mm in diameter) . At Häll­
udden and Haget such ooids are comparatively rare . 

The following fossils were collected from the non-glauconitic limeston e: 

Pliomera fischeri (EICHW . ) Ptychopyge sp. 
Lichas verrucosus (EICHW . ) Illaenus esmarcki (Sci-ILOTl!.) 
Megalaspis heros (DALM.) Pseudoerania sp .  

Eskilslund. 

South of Byrum lower beds come up - at Horns udde down to the 
top of the Paradoxissimus shales .  Farther south these beds again disappear 
below the sea, and at the western end of a drainage ditch at Eskilslund 
soft, green marly beds l ie only about one m above sea leve! .  The compos­
it ion of the fauna ,  the state of preservation of the fossils and the lith ic 
character of the l imestone agrees with the bed c at Haget. Fossils collected 
at Eskilslund (in s i te or in blocks on the sides of the di tch) are Iisted 
on p. 567. 

Persnäs. 

To obtain a earrelation between the sections in the Persnäs area and 
those in  northernmost Öland one may start from "Blodläget", which is 
exposed in  the l imestone quarries between Gillberga and Sandvik. The l ime­
stone immediately on to p of "Blodläget" (about I 2 5 cm) is greyish red 
(compare p. 534) .  Then follows purely grey l imestone with gradually increas­
ing amounts of glauconite . 

In the highest accessible leve! (4 '/4 m above "Blodläget") m a quan·y 
near Gillberga the following fossils were collected : 

Pterygometopus sp .  
Megalaspis acuticauda ANG. 
Asaphus sp .  (?lepzdurus NIESZK.) 
Ptyclzopyge angustifrons DALM. (several ent ire specimens on a bedding 

plane') .  
Illaenus esmarcki (Sci-ILOTII.) 
Ampyx nasutus DALM. 
Pseudoerania sp .  

' Complete specimens o f  trilobites occur also within t h e  beds. The shel l  i s  chocolate­

brown. The larger fossi ls very often stand on edge and might then occupy the whole 

t h i ckness of the bed (see p . 5 5 9). 
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In a block from the waste around the quarry, evidently from a somewhat 
lower leve! than the previous, were found : 

Megalaspis hyorrhina LEUCHT. 
Asaphus lep1durus NIESZK. 
Ptyclwpyge angustifrons DALM. 

Above the quarry the section i s  interrupted by a minor automobile road 
and about one m of the sequence of beds is not accessible for study. Leve! 
with the road, at the base of a series of raised sea-stacks south of Gi llberga 
(the so called "Gillberga hors", fig. 1 0) a marly, r ichly glaucon ite-bearing 
bed crops out .  This  bed has been worked by erosion i n  a way h ighly 
remin iscen t of the underminin g of the Raniceps beds in the cl iff at Haget. 
Notb ing has as yet been found in the bed that can with certainty be re­
ferred to Asap/tus expansus, but the species occurs at what i s  probably the 
same leve! and in the same kind of rock in a quarry on the "alvar" be­
tween Stenninge and Sand vik, and in  the fill ing around the poles of a power­
l ine  between Stenn inge and the shore (see p. 545) . The l imestone which 
follows above the soft bed at Gillberga also reminels one of the beds above 
the Expansus zone at Haget. The ooid harizon i s  not developed in  the 
Persnäs area and therefore the earrelation is less evident, bu t i f  the seetians 
are put tagether so that the deep indentations coincide, other parts agree 
weil enough to make it h ighly probable. The in vestigatian in deta i l  of the 
Persnäs area i s  not yet concluded. 

The upper part of the stacks at Gillberga earresponds to the bed f in 
the seetian at Haget. The uppermost bed is variegated (partly grey with 
a slightly reddish tint, partly brownish-black) and r ich i n  !arge grains of 
glauconite; this characteristic l imestone I sh all call the Hjorthamn l imeston e. 
The colour is different from that of the bed f (which  is l ight  grey), but i n  
both seetians fossils are abundant a t  thi s  leve!. The  collections of fossils 
from the Hjorthamn limestone are at present more extensive than those 
from the bed f (see p .  5 39) .  The fauna i s  in all essentials the same in bot h 
localit ies, both as regards the species and the percentage of forms referable 
to various orders. 

The thi ckness of the Hj orthamn l imestone is about 90 cm. The bed is 
a good index harizon in the area around Sandvik in the pari sh of Persnäs. 
lt is  the seeond bed from the top in  the quarry on the "alvar" at Stenninge 
where it has exactly the same l i th ic  character and the same fauna .  

At Stenninge lower levels in  the seetian are best stuelied in the heaps 
of blocks p iled up  around the quarry. In these blocks different harizons can 
be recognized w h ich are known from other localiti es : for example, dark 
green, marly l imestone with Megalaspis acuticauda, Asaphus expansus, Pty· 
chopyge angustifrons, and Brachiapads (abundant) . 

These blocks evidently come from a leve! in the quarry about 2 m 
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below the lower surface of  the Hj orthamn limestone .  The sides of the quarry 
are determined by j oints and the lithic  character of the different beds is 
not very obvious on the plane surfaces. I am weil aware that the seetian 
should be re-measured more exactly, but unfortunately the quarry was filled 
with water when I returned with the intention of doing this .  

The quarry has been warked down to a depth of about 4-5 m below 
the Hj orthamn limestone ,  according  to the quarry-men down to the beds 
called " hålögon" (the same beds are exposed high up in  the quarries at 
Gillberga) . 

The uncertainty of the observations in  the Stenninge quarry are to a 
certain extent compensated by the following seetian from a point on the 
western border of the village of  Stenninge (where a minor road erosses the 
main road) towards the north-west (along a power-l ine to the northern stone 
factory ; the distance between the poles is approximately 6o m) : 

r. Grey-darkbrown , variegated lime5tone (same as the uppermost bed in the 
"alvar" quarry (see below) : Meg-alaspis cf. rudis ANG. 

2. The same limestonc. Among the fossi ls Illamus esmarcki (SCHLOTH. ) is re­
markably abundant. 

3· The same limestone : Pliomera jiscluri (ErcHw. ) , Lic/1as coe/orrlzin ANG. 
Asapl111s raniceps DALM., Illamus esmarcki (ScHLOTH.). 

4· The same limeston e :  ?C_yrtomdopus s p. (see table on p. 57 6 ,  note); Illamus 
cf. ladogiensis HoLM. 

5. "Limestone of the same colour hut apparent! y denser" (translated from a 
diary) : Pliomera.fischeri (EICHw. ) , Lichas codorrhin ANG .  Asaphus raniceps DALM. 

6. At !east so % of the blocks in  the fill ing consist o f  coarse l imestone rich 
in !arge grains of glauconite . 

7. Hjorthamn limestone : Lesuturilla sp. 
8. The same limestone : Megalaspis rudis ANG . Amp;•x nasutus DALM., Iru 

zonatus (DALM . ) , Lesueurilla sp. 
9· The same limestone : PlnJ'KOmetopus selerops (DA LM. ) , Pliomera .fischeri (EicHw. ) , 

Megalaspis rudis ANG . ,  Asaphus 1·aniceps DAJ.M., Pseudoerania sp .  
1 o. The colour of the  limestone i s  grey with a rather deep reddish t in t .  The 

grains of glauconite are sma l l  and comparatively scarce. The blocks are 
derived from a rather thick bed to judge from their appearance. Within the 
bed ragged whitish corrosion surfaces occur (campare tig . 9): Asaphus cf. 
raniceps DALM. 

r r. Same limestone. Fossils are rare . 
r z. Thin-bedded, rather soft limestone, some of the trilobites occur as entire 

specimens : Megalaspis rudis ANG .,  Asaplws raniceps DALM . ,  lllaenus es­
marcki (SCH LOTH. ). 

1 3. Thin-bedded limeston e, very rich in glauconite; traces o f  corrosion within 
the beds (see above ) .  

r 4· Green mar ly limestone : Jlfe,f[alaspis acuticauda ANG , Asaplws expansus DALM., 
Illamus cf. esmarcki (ScHLOTH.) � the two last mentioned species occur as 
entire specimens .  

The uppermost bed in the quarry consists of  variegated l imestone lighter 
111 colour than the Hj orthamn l imestone and entirely free from glauconite . 
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The upper limit for the occurrence of glauconite thus seems to have the 
same position in relation to the Expansus zone as in the section at Haget. 

Along a power-line extending from the Stenninge quarry towards the 
north-east I could follow how the limestone changes its character upwards. 
The beds soon become more brownish and they then contain more or less 
regularly small black-brown grains of phosphorite (some of the grains are not 
amorphous bu t show well-developed cleavage reminding on e of calcite). Finall y 
red colours appear and the series passes over into the Centaurus limestone. 

Two very important finels were made in the brown-speckled limestone, 
namely a cranidium and a pygidium of "Isoteius" stacyi (Pi. I, fig. 5 and 6) 
the former from the quarry at Gunnarslund (see below) the latter from the 
filling around a pole about r km north-north-east of Stenninge. The species 
was not earlier known outside the East Baltic area, where it has a rather 
small vertical range being restricted to the uppermost division of the Vagina­
tum limestone (LAMANSKY 1905). 

These two finels are of course not sufficient for an appreciation of the 
stratigraphical valne of the species in the sequence of strata in Ö land.' 

They were, howe\'er, both made in a limestone which forms a lithologi­
cally distinct uppermost elivision of the Asaphus limestone. The brown­
specklecl limestone would then be the equivalent of the lower part of Bill 1 

in LAMANSKV's subelivision of the Ordovician of the East Baltic area.2 
In a limestone quarry near the railway halt at Gunnarsluncl, workecl 

cluring 1946 but now filled with water, the following section was accessiblc: 

Platyurus limestone, red usually dcnse (not in the quarry but on all 
sides of it - the beds form a low cupoJa with the quarry at its 
center) . . . . . . . . . . . . . . . . . . . . . . . . 

Gigas limestone, grey-green and red variegated, usually dense 1.6 m 

Centaurus limestone, of the same lithic character as the Gigas lime-
stone . . . . . . . . . . . . . . . . . . . . . ; . . . o.6 m 

Asaphus limestone, rather dark, greyish brown with black-brown grains. 
The uppermost part (and sometimes a coating around the fossils ) 
red or redd i sh. Som e beds in the middle of the exposed part are 
crowded with orthoceratites 1.sm+ 

The boundaries betwcen the zones are approximate and partly based 
on information obtained from the quarry-men as to the origin of some 
fossiliferous blocks. 

The Gigas and Centaurus limestone, espccially the latter, are \Yorkcd in 
the stone factories, the Asaphus limestone on the other hand, is useless 
because of its contents of Orthoceratite sheils only partially filled with 
crystals of calcite (the quarry-men call these fossils "saltbassar" ). 

' It remains to be seen if the change in lithic character and the appearance of l. 
stacyi in the fauna coincide. 

2 In Estonia "Isotelus" stacyi o c c urs tagether with ,1fegalaspis centaurus. :sCini r JJT 

1907, p. p. 97 and 98.) The lifegalaspis in the brO\m-speckled limestonc is !lf. rudis. 
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For a list of fossils from the brown-speekled l imestone see the table 
on p .  566 . 

A eombination of the various seetians deseribed above would give the 
following standard see t i on for N orthemmost Öland : 

Z O N E  WIT H : LIT H IC C H A R A CTER 

Asap/tus platyrus } J 
M egalaspis gigas 
iVfegalaspis centaurus l 

Variegated 
red an d more or less 
greyi sh green,  dense 

Asapluts ramäps 

Asaphus expansus 

Asaphus lepidurus 

r a. Greyish bro w n (parti al- ) ) l  l ly red) with dark brown l l 
grains of phosphori te .  l b .  Light grey without glau- l r comte.  r 

]J c Top : Light grey with : . 
glauconite .  l 

Bottom : Dark grey to [ 
green , r ich in glau-

l conite ,  comparatively J soft (marly). j Dark grey to green ,  rich 1 
l i n  glauconi te : compara- l 

t ively soft (marly). 

Grey, glauconi te-bear­
ing ; bard.  

Almost black with 
ooids and pseudooids.  

l l 
l Grey beds of varying thick- j 

n ess ,  usually rich in glau­
conite ; more massive 
than the glauconite hear­
ing Raniceps beds.  

Megalaspis limbala "Blodläget" 

{ Greyish red , free from 
glauconite ; d ense 

Red 

" Blommiga bladet" 

Mej[alaspisplanilimbata { Red 

OTH E R  FOSSILS 

Megalaspis extenuata. !teros, 
and rudis 

"lsotelus" stac i - - - - - - - - - - - - · - y 

_ !Jracltiopods rare 

_ _ _ _ _ _  BracltiojJods abundant 

iWegalaspis acuticauda, and 
gibba . B rachiapads abundant 
at  !east in  the upper part.  

Megalaspis hyorrhina 

(Comparatively soft beds of varying li th ic  character) 

[See H ADDING 1 932 ,  p. 36 et seq.] 

It is evident that the Asaphus limestone in  Northernmost Öland Is 
a multiform series both lithologieally and faun istieally. The subdivision of 
the zones is mainly based on the eharaeter of the l imestone,  but at !east 

3 6 - 48705 Bull. of Geol. Vol. XXXIII 
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in the Raniceps zone i t  might be possible to characterize the subzones by 
index fossils. A quantitative study of the faunas can never be complete 
as there wil l  always be a great number of indeterminable fragments , and 
the possibility of getting good specimens especially of  the ]arge species 
much depends on the character of  the exposure. So, for i nstance, i s  per­
haps the d ifference in number of specimens of Megalaspis rudis from the 
red Asaphus l imestone at Marsjö and in other localities entirely due to . 
the splendid exposures along the ditch at Marsj ö .  It is ,  however, certain 
that brachiopods become rarer and rarer from the Expansus zone upwards. • 

Marsjö  

(parish of  Föra) 

There is an excellent section through the upper part of the Asaphus 
limeston e  and h igher zones up  to the Platyurus l imestone in a ditch cut 
from a point not far south of  the railway station of Föra, towards the 
east, to drain the lake Marsj ön .  An unl imited amoun t  of rock materi al is 
available in the banks along the sides of the ditch. From fossils found in 
blocks and from exposures in the perpendicular walls of the ditch one 
gets a fai rly good view of the sequence of beds. The thickness of  the 
beds is more difficult to ascertain as the dip is i rregular and dislocations 
along jo ints occur. 

Near the eastern side of the main road2 the l imestone i s  grey and rich 
in glauconite. Only a few fossils were collected. 

About 1 km farther to the east the d i tch is cut in grey l imestone free 
from glauconite. Considerably less  t ime was used for collecting fossils in  
th is  division than in the overlying red beds which were met with still a 
couple of  hundred m farther to the east. Therefore the figures for the 
frequency of the  various species in the table on p. 566 are not comparable. 

This red l imestone contains dark brown grains  of phosphorite3 and is 
in some beds crowded with cephalopods. It must be noti ced that the red 
colour is not so bright as further south in Öland (for exarupie at Lenstad 

' In  the beds immediately above the  ooid harizon at  H älludden the brachiopods. 

are more abundant than the trilobites . In the non-glauconitic l imestone at Tokenäs  and 

in  the Hj orthamn l imestone the  brachiopods are st i l l  qui te common ("3"  and " s "  in  

th e table on p .  5 66). At  higher levels one may h ave to  search Iong to find a s ingle 

specimen (columns 7 and 8 i n  the table ; the li sts i n  the other columns are i ncomplete 

as  regards the brachiopocls - the fossils were col lected before the author hacl realized 
that not  only the  species but  also the munber of specimens of brachiopods migh t have 

some stratigraphical s ignificance). 

2 West of  the road the clitch i s  dug in  alluvial cleposi ts and i t  does not  touch the 

solid rock. 

3 W I MAN mentians in  his diary reddis h grey, s p e c k l e el l imeston e with l limenus 

esmarcki from Övre Wässby (a fann on the northern side of the d i tch) and remarks 

that this is "verklig övre Asaphus-kal k" ( i .  e . t rue U p per Asaphus l imestone). 
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or even as far north as i n  the neighbourhood of  the railway halt at Stacke­
torp east of the railway). Smaller portions are sooner grey-brown than red 
and perfectly l ike the l imestone in th e quarry at Gunnarslund, where, on 
the other hand,  smaller portions as red as anyth ing in  the Marsj ö  section 
can be found .  

The lower part of  the  brown-speckled Asa p hus l imestone is  richly fossil i ­
ferous. Farther east, in  beds of the same lithic character fossils are less 
common but those found indicate that we are still i n  the Asaphus  l imestone .  

Then follows for a distance of a couple of hundred m red and greyish 
green variegated l imestone in which no determinable fossils were as yet found .  

The l imestone farther east is  almost purely red and contains fairly 
numerous pygidia of Megalaspis centaurus (PI. I, fig. I) . 

Then the variegation again becomes more conspicuous and Megalaspis 
centaurus is succeeded by Megalaspis gigas. (PI. I ,  fig. 4) . 

The size and the shape of the pygidia of these two species is  rather 
s imilar as is also the way in  which they occur in  the rock (their frequency 
i s  approximately the same and they were embedded conformably with the 
bedding planes) . Green colours are comparatively rare in  the Centaurus 
limestone bu t else the lithic character of both zones is  very much the same. 

The almost barren l imestone mentioned above marks a transition from 
l imestone consisting almost entirely of small sh ell fragments, encrin ite stems 
and so on (best seen on weathered surfaces) to dense l imestone in which 
fragments are of secondary importance or in which they are of consider­
ably smaller size .  This dense l imestone continues through the zones with 
Megalaspis centaurus and gigas up into the Platyurus zone.  

The Platyurus l imestone underlies the meadows on the eastern shore .  
It is  mostly covered by alluvial deposits of considerable thickness and only 
a few blocks of it are found on the banks along the d itch . 

Djupvik. 

A little farther south at Dj upviks hamn (The harbour of Djupvik) th e 
lower divisions of the Asaphus l imestone can be studied in  the fillings 
around a I ine of poles extending towards the east from near the harbour 
to the railway . The poles nearest the shore stand in old beach deposits 
or in  morain ,  but from the 81h pole on (about 8oo m from the shore) the 
fillings consist of fragments of the local solid rock. The d istance between 
the poles is about 50  m. Between the 81h and the 1 9th pole the following 
series was obtained (see also p .  5 67) : 

8 .  Mar! y limestone . .lllaenus s p. ( fragments ) .  Ptychopyge c f. angustifrons, L)'CO­
phoria nuce/la. 

9 ·  Purer, richly glauconite-bearing limestone evidently forming heavy beds . 
Megalaspis acuticauda. 
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I o. Mar! y limestone.  Pterygometopus s p. ,  Nieszkowskia c f. tumidus (a form with 
comparatively low glabella ), Asaphus expansus, A. cf. ranice ps, Pl)•c!zopy!(e 
cf. an/(ustifrons, Illaenus cf. esmarcki, Lycophoria nuce/la, Pseudoerania sp . ,  
Trepostomate bryozoans.  

I I .  Mar! y limestone. Pltrygometopus s p . ,  Lichas erz"ci, Asaphus expansus, A.  ? rani­
ceps, P1)1Chopyge sp. ,  Ampyx cf . nasutus, Antigonambonites sp. ,  Lycoplzoria 
nuce/la, Trepostomate bryozoans .  

I 2 .  Mar l y  and m o  r e  campact limestone. As aphus raniceps, Il/aenus esmarcki, 
Lycophoria nucella. 

13. Marly limestone. Asaphus expansus, Ptychopyge sp . 
14. Marly limestone. Asaphus expansus, A. cf. raniceps, Ptychopyge cf.  angusti-

.frons, Antigonamboniles sp. 
I S· Mar! y limestone. Asaphus expansus. 
I 6. More campact limestone.  Trepostomate bryozoan . 
I 7. Mar ly limestone. C)bele sp . ,  Asaphus expansus. 
I 8. Compact, richly glauconite-bearing limestone with Asaphus raniceps, Pseudo­

erania sp . ,  Trepostomate bryozoans. 
Marly limestone with Illamus esmarcki and fru zonatus. 

I 9. Mor e campact limestone, rich in glauconite. P!iomera jisclzeri, Asap/tus rani­
ceps, Ptychopyge sp .,  Ampyx nasutus, Iru zonatus. 

These notes were made when studying samples taken during a hurried 
excursion along the Iine. Only a few fossils were found at each pole but 
the series shows beyond doubt that marly, soft limestone with Asaphus 

expansus (and another species of the raniceps type) occurs also in this part 
of Öland. The lower boundary of the Expansus zone is not exposed. In 
the harbour a series comprising the lowermost Ordavieian down to the top 
of the Paradoxissimus-shales crops out, partly below the water-level (see 
BADDING 1932). 

There is probably a gap between the seetians at Djupvik and Marsöj 
comprising the [Jliddle part of the glauconite-bearing division of the Rani­
ceps limestone. 

Korn torp. 

Farther south entire specimens of Asaphus expansus were found in 
deeply weathered Alvar so il not far ( r ro m) w est of the main road al o ng 
the small road to Korntorp. Rather further to the west at the farm house 
of Korntorp biastings were made for a drainage ditch. There Megalaspis 

acuticauda was found on the bedding surface of blocks of thick-bedded 
richly glauconite-bearing limestone. This sequence of beds may be campared 
with that at Hjorthamn and Gillberga where M. acuticauda was found on 
the surface of massive limestone blocks from levels below the soft Expansus 
limestone'. 

The best pygidia of lifegalaspis acuticauda found by me come from such blocks 

in Hjorthamn. 
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The uppermost division of the Asaphus limestone 

north of Persnäs. 

s s  r 

In Föra the uppermost division of the Asaphus l imestone is red to a 
much greater extent than i n  Persnäs , further the Hj orthamn l imestone was 
not found outside Persnäs , yet the same divis ions of  the Asaphus l ime­
stone can easily be distinguished on both s ides of the point where earlier 
the attempts to trace the red Asaphus l imestone towards the north were 
g1ven up .  

One may then ask how the  uppermost part of the Asaphus l imestone 
has developed in the parishes north of Persnäs. A few exposures along 
power- l ines,  in cu ttings for roads and in  water-holes give an answer to 
th is .  

I .  Power- l ine erossing th e "alvar" (somewhat i n  z ig-zag) from a point 
on the main road to Högby about r km east of  Alvidsj öbodar towards the 
no rtl1 -east to B e r g e t  o n  t h e  s o u t h e r n  s i d e  o f  H o r n s  u d d e  (the 
name i s  not found on the ordnance map but the place i s  marked vvith th e 
s ign for a harbour) . The d istances given belO\v were paced. The figures 
give the numbers of  the collected sam p les : 

r - s .  The fi rst I 3 s o m from the S .  W. e n d : Pl atyurus l i m estone,  u s u a l l y  one­
coloured red but in  some places variegated (red and green ) . Sam ewhere 
hetween r 3 0 0  and r 4 0 0  m the Gigas l i m estone probahly oc curs but 
n o  determinable fossi ls  were found .  

6 .  ( r  4 1  o m ) Red d ense l i m estone i n  w h i  c h  a l arge fragment  o f  a pygidium 
o f  lifegalaspis centaurus was collected . 

7 · ( r  4 6 o  m ) All  the blocks in the fi l l i n g  are o f  the  s a m e  type (vari egated,  
about h a l f red and h al f  green ) . 

8 .  ( r 7 z o m) Grey hrown speckled l i mesto n e .  Some p arts greyish gree n .  Lichas 
coelorrhin ANG . ,  lifegalaspis rudis ANG . ,  lifegalaspis extenuatus DALM . ,  
Pseztdasaphus sp . ,  Niobe fronta/is DALM . 

9 ·  ( r  7 7 0 m) Same l i m eston e .  P!iomera fischeri (E!CHw . ) ,  Megalaspis rudis A NG . ,  
Illamus esmarcki ? SCHLO TH . (hyposto m a ) . 

r o . ( r S z o  m ) S a m e  lim estone .  Cyrtomctopus c/avifrons (DALM . ) ,  Mtgalaspis rudis 
ANG . ,  Psmdasaplllts s p .  

I r .  ( r  8 7 0 m ) S a m e  l i mesto n e .  Pliomera fischfri (E l cH w . ) , Megalaspis rudis ( A N G . ) .  
r z .  ( r 9 z o m ) Gr e y l imestone without grai n s  of  a ny k i n d .  N o  fossi ls  found . 
I 3 . ( r  9 7 0  m ) Limestone similar to n r .  r z .  Liclzas coe/orrhin ANG . ,  Megalaspis 

rudis ANG . , Ampyx c f. nasutus DALJ\! . 
I 4 - ( z  o z o  m ) Reddish grey l imestone with grains of brown phosphori t e .  Mrga-

laspis rudis ANG . ,  Pseudasaplzus s p .  
r S · ( z  z o o m ) Same l im esto n e .  Megalaspis cxtmuatus DAUI . 
r 6 .  ( z  z s o m ) Same limeston e .  Megalaspis rudis ANG . 
1 7 .  ( z 3 0 0 m ) Same l im eston e .  Ceraurus s p .  

The presence in th is seetian of  the zone with Megalaspis gigas i s  not 
confirmed by fossi ls ,  but th ere i s ,  on the other hand, no reason to suppose 
that it is  entirely missing. The samples 6 and 7 represent the Cen taurus 
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l imestone (and evidently also the poorly fossil iferous l imestone underlyin g 
it in  the Marsj ö section) .  The samples 8- 1 7  belong to the uppermost di­
vision of the Raniceps zone. The light grey poorly fossi l iferous l imestone 
of the 1 z th sample probably comes from a small inclusion in  which phos­
phorite grains are missing. When I studied this section in  1 94 1  I did not  
know at  a l l  what  results could be expected from my investigat ions in  Öland . 
I had observed the brown grains but I did not suspect that they should 
turn out to be  of importance for the stratigraphy. I would therefore th ink 
i t  quite Iikely that  a !arge part of the ti l l i ng at the po le  where the sample 
was taken consists of  the brown-speckled l imestone .  The division of the 
Asaphus l imestone wh ich especially interested me in  1 94 1  - the zone 
with Asapftus expansus - is as weil as the lower divisions of the Ran iceps 
l imestone  covered by old beach deposits (see p .  565 ) . The h i ghest leve! 
acce5sible in  the cl iff at Horns udde seems to be the same as in the quarries 
between Gi llberga and Sandvik ("hålögon" ,  see p. 545 ; ? zone with Megalaspis 
ftyorrftina and Asap/tus lepidurus) . 

II .  B y r u m .  In a small d itch w h ich debouches at the northern end of  
the  low dissected cliff red ,  dense  l imestone with Lic/tas coelorrftin and a 
!arge Megalaspis is exposed not  far from the shore. The brown-speckled 
l imestone of the upper divis ion of the Ran iceps l imestone is  evidently 
covered by drift-sand. The uppermost beds exposed on the shore belong 
to the middle di vision . 

III. T o k e n ä s e h a m n .  The beds exposed in the harbour consist of 
light grey l imestone without glauconite (see p .  542) .  At the bottom of a 
p i t  somewhat above the natural exposures , where the beach deposits were 
cut away to be used as road meta! ,  i t  was possibl e to dig up  fragments 
of brown limestone  with grains of  phosphorite and to make sure that they 
came from the solid rock. No fossils were found at this preliminary in ­
vestigation . On  the alvar south-east of the harbour, beds a couple of m 
h igher up  i n  the sequence are available at the eastern end of a power­
l ine .  Along this I ine  the fol lowing samples were taken from fill ings around  
the poles : 

I .  Approximately 1 o o m east o f  the road a l  on g the shore (where a road is  
forking off to Enerum) : Variegated greyish green and red l imestone, a 
mixture o f  dense limestone with limestone composed of small fragments . 
Scattered grains of phosph orite . MeJ;alaspis sp .  (centaurus or gigas ?), 
M heros, (DALM . ) ,  Asaphus c f. raniceps ANG. , Nileus armadi/lo D ALM. , 
Illaenus cf. esmarcki (ScHLOTH . ) .  

z .  q o m from the  road. Same limestone. JJ;feg-alaspis gigas ANG . , Illaoms es­
marcki SCHLOTH. 

3 ·  2 5 0 m  from the road. Same limestone . Lichas coelorrhin ANG . , Megalaspis 
gigas ANG. , Iliaenus esmarcki SCHLOTH . 

4 ·  3 0 0  m from the road. Same limestone. Megalaspis gigas ANG . ,  Ampyx cf. 
nasutus DALM . 
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Farther east follows the Platyu rus l imestone ,  some parts of it purely 
greyish green but most of it  with the usual red colour. 

The pole at which the first of these samples was collected evidently 
stands in the uppermost part of the Asaphus l imestone so close to its upper 
boundary that forms typical of higher beds have already entered the fauna 
(one may have to coun t  with the possibil ity that  the biasting touched two 
distin ct zones and that the fossils were mixed) . Fossils which can with 
certain ty be referred to Megalaspis centaurus do not occur in the scanty 
material .  At the other poles good specimens of Megalaspis gigas were 
found .  Megalaspis gigas was also collected by Dr  vV ARBURG from red 
l imestone n ear Byxelkrok. 

IV. T h e  a r e a  n o r t h  o f  t h e  I i n e  B y x e l k r o k - M a d e r n a . The 
Solid map compiled by WIMAN shows that the boundaries between the 
divisions of the Orthoceras limestone north of  Byxelkrok are rather irregular. 
As put forth on p .  5 39 the exposures on the northern tongue of  Öland 
are, at  )east the main part of them,  grey l imestone  with scarce glauconite. 
According to WIMAN's  diaries "Gigas l imestone ,  p a r t l y grey, occurs less 
t han I oo m from the extremity of the tongue" . H e als o remarks t hat t here 
seems to be no room for a red Upper Asaphus l imestone .  But as the grey 
l imestone belongs to a rather h igh leve! of the Raniceps l imestone (there 
i s  almost no glauconite) and the dip is  rather steep the outcrop of what 
might be i nserted between i t  and the Gigas l imestone must form a quite 
n arrow strip and there is l ittle doubt that the uppermost d iv is ion of the 
Raniceps limestone  exists underneath the beach deposits .  

An important point on the boundary between the areas occupied by 
the Asaphus l imestone and the "Gigas and Platyurus l imestone"  is met 
with at Maderna approximately i n  the middle of the island ,  east of Byxelkrok. 
In a cutti ng of the main road compact grey l imestone occurs in some 
parts contain ing black-brown grains of  phosphorite. In  the greater part 
of the l imestone such grains are missing but i nstead smaller portions are 
of a finer grain and greyish green in colour .  The beds dip samewhat to­
wards the south (about I o 0 ) .  In the fill in g around som e poles not far north 
of the road grey l imestone with phosphorite grains occurs, very s imilar to 
the uppermost division of the Raniceps l imeston e i n  the parish of Persnäs. 
The few fossils which were collected from this l imeston e  are characteristic 
of the Raniceps limestone  (Pliomera .ftscfterz� Megalaspis rudis, Asapftus cf. 
raniceps, Pseudasaphus sp . ) .  

The so called " Långalvaret" (the " Long Alvar" ) ,  which stretches with 
its south-eastern corner within 500 m NE of Maderna ,  consists chiefly of 
the Platyurus l imestone,  bu t also half way between its northern and southern 
ends grey, brown-speckled l imestone reaches i ts western horder. From 
there i t  has been followed towards the west for about I km. 

This kind of limestone has been traced as far n orth as to a fork in 
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the small roads on the "Alvar" 6oo m south-east of Hälludden (see the 
Geological map and the old Ordnance map). About 75 m north of th e 
fork variegated, red and greyish green l imestorre begins ("Gigas and Pla­
tyurus l imestone" ) .  

These (and other) observations indicate that  the uppermost Asaphus 
l imestone has been raised in  a flat anticl ine  so that it is now exposed as 
a narrov.' wedge with its point approximately at Maderna (fig. 6) ' .  The map 

Fig. 6. The O rdavieian harizons in N orthemmost Öland.  Diagrammarie map.  l .  Limbata 
I imestone ; 2. Asa p hus I imestone ; 3 . Gi gas and Platyurus I imestone ; 4 . Schröteri l ime­

stone ; 5 · Chasmops I i mestone. 

also shows that the configuration of  the northern extremity of Öland is 
probably due to a general diversion of the strike of the beds towards the 
east combined with an increase in the dip, i n  accordance with what can 

' The map i s  d iagrammatical .  An exact plott ing of  the boundaries between the 

various divisions of  the Ordavieian cannot be made without an extensive col lect ing work 

in  beds which are not  very we!!  exposed. This  must  wait unti l  the investigation of the 

i mportant seet ians on the  sh ore has been completed.  One cannot reckon with the colour 
only as i s  evident from the seet ian east of Tokenäse hamn where the Raniceps fauna 

seems to occur in  beds of the same co lour  as the Gigas I imestone. 
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be d irectly demonstrated in the exposures of the Raniceps l imeston e on Öland 's  
norra udde .  

Outside the straight coast I ine between Ö land ' s  norra udde and Änge­
gärdsudden the sea is comparatively shallow and ful l  of shoals. I t is possi­
ble that the straight coast I ine is eaused by a fault ,  but this can evidently  
not be a very !arge one as  a continuation of  Öland towards the  north­
east as a submersed plateau i s  indicated by soundings (PI . II) .  

Lenstad. 

About 500 m west of the railway halt at Lenstad (7 km SE of Färj e­
staden) a drainage ditch was blasted in the Asaphus limestone .  In Uppsala 
th ere is a rather !arge collection of  fossils from this locality, th e only one 
in the  museum from Southern Öland wh ich  as  regards its s i ze  is compar­
able with the collections from the northernmost part of th e is land .  

The limestone is as  purely red  as  is ever the l imestone of  the Pla­
tyurus zone and the zones immediately below it i n  the north .  It is some­
times cam posed of targer grains ("coarsely crystall i ne" )  and i t  is then often 
pater in colour (part! y greenish) .  The beds are rich in fossi ls : At on e leve! 
the l imestone is  crowded with Orthoceratites . In another levet most of the 
fossils are small specimens of  tri lobites, which otherwise attain a more 
considerable size, associated with tri lobites which are normally smal l-s ized 
(the pygidia and cran idia ha\'e an average size of  less than I cm) .  Thus,  
tagether with Trinodus cf. glabratus, a small finely tuberculate species of  
Cyrtometopus (?) , a species of Remopleurides, there are smal l specimens of  
llfegalaspis /teros, Asap/tus cf. raniceps, Ptyclwpyge sp . ,  Nileus armadi!!o, 
Illamus esmarcki and others. MOBERG ( 1 904 p .  7) ment ians that red-coloured 
Ordavieian beds very often contain such dwarfed faunas and gives as an 
example of this j ust the Upper Asaphus l imestone in  Ö land.  There are, 
however, harizons with a fauna of trilobites camposed of indi\' iduals of 
normal s ize .  In al l  cases the fauna is on the whole the same as in the 
Raniceps beds i n  northern Öland (see th e table on p .  566) . '  The followi ng  

' The sect ion exposed in  the d i tch i s  only about 7 5  c m  h igh . The sequence of beds 

i s  (from above) : 

Variegated ,  pale and greyish green l i mestone. 

N o orthocerati tes . . . . . . . . . . . . . . . . . . 7-9 cm 

Red brown l imestone,  r i ch  in  orth ocerati tes .  

Other fossils common . . . . . . . . . . 1 4 cm 

Variegated,  red brown and green l imestone . 4 Cm 
Red brown l imestone. Orthoceratites comparatively few . 1 9-20 cm 

Red brown, coarsely crystall ine l imestone. 

Rich in small tri lobites . . . . . . . . . . . . . . . . . . . 4 cm 

Greenish ,  coarsely crystal l ine l i mestone. 

!�ich in  small tri lobites . . . . . . . . . . . . . . . . . . . . not  measured 

76 cm 
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pecularities are worthy of notice : Megalaspis rudis does not seem to occur 
at Lenstad - if it does i t  must be very rare. Instead a species of about 
the same size was found.  In  th e pygidium of  this form (PI . I ,  fig. 3) the 
rhach is is more pronounced than i n  M. rudis (PI . I ,  fig. 2) .  The pygidium 
itself is  more triaugular and i n  consequence the distance from the posterior 
en d of the rhachis to the posterior end of the pygidium is greater ( I / 5  of 
the total length of  the pygidium against I /6 i n  M. rudis) . Otherwise i t  
resembles M. rudis i n  many respects and both species probably belong to 
the same group (see also the explanation to the plate). There is a number 
of fairly good cranidia and before these have been properly studied and 
compared w ith the material from other localities a definite specific deter­
mination cannot be made. 

Megalaspis lzeros occurs with the same frequency as i n  other localit ies . 
Nileus armadillo and species of the genus Niobe (at !east the greater 

part of  the material seems to bel on g to N. frontalis) are mu ch mo re common 
than in the northern localit ies .  Ampyx, on the other hand, is comparatively 
rare. 

Brachiopods are very rare l ike they are in  the uppermost division of 
the Raniceps l imestone i n  Northern Öland. 

Lenstad is situated approximately in  the middle part ( in an east-westerly 
sense) of the area occupied by the so-called Upper Asaphus l imestone .  My 
experi ences from Persnäs and Föra lead me  to believe that i t  is reasonable 
to assume that lower horizons of this red series of beds earrespond to 
h igher horizons of the thick grey series i n  northern Öland .  The lithic 
character of the l imestorre must appear to be very different : in the north 
light grey matrix containing bright green grains of glauconite, in  the south 
red limestone with small rust coloured specks . One would think that these 
two types of l imestorre were deposited under very different  conditions 
(different depth , chemical composition of the seawater and so on) .  But in 
a small ditch erossing a road between the church of Föra and Uggletorp 
a heavy limestone bed is exposed which bridges over this difference in a 
rather astonishing way. The bed i s  on the surface underneath a th in  cover­
ing of soil ,  it is  weil del imited downwards and in its whole extension (as 
far as i t  is  of  interest in  this Connection) weil exposed and easy to follow. 
Immediately south of  the road i t  i s  grey and contains !arge, fresh grains 
of glauconite (fossils : Pterygometopus selerop s, Cyrtometopus cf. davifrons, 
Liclzas coelorrftin, Megalaspis rudis, M. lzeros, Asaplzus cf. raniceps - all 
more or less characteristic representatives of the Raniceps fauna) .  A couple 
of  tenth m towards the south the same bed consists i n  its whole thickness 
of purely red l imestone without a trace of glauconite (the glaucon i te was 
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probably oxidized and gave rise to small rust coloured specks) . In a series 
of samples taken with short intervals the transition between the two types 
of  l imestone can be studi ed. It must be pointed out that the red l imestone 
is fresh and that it  can hardly be the question of a deep weathering in 
very l ate times (if that were the case one may ask why the extensive 
exposures of  grey glaucon ite-bearing limestone in  Northern Öland h ave not  
everywhere been subj ect to the same change) .  

I have not tried to look for the "Lower grey Asaphus l imestone" be­
tween Lenstad and Färj estaden but to j udge by the l i terature the Sphaer­
onite bed reaches at !east thus far towards the north and i t  probably 
represents the entire (or almost the entire) grey l imestone in  that area. 

In the p a r i s h o f K ö p i n g where the "western road" elimbs the cliff 
(not very pronounced in  that place) the following trilobites were found in 
blocks of grey glauconite-bearing l imestone at the sides of a l arge d i  te h :  
Megalaspis acuticauda (at !east 6 specimens) .  Ptychopyge cf. angustifrons, 
Symphysurus palpebrosus. The fossils i ndicate a low leve! of the Asaph us 
l imestone as do also exposures of Limhata l imestone i n  the same ditch . 
Further east the ditch is dug in  morain and it is as yet unknown to m e  
i f  there are a t  this locality grey beds belonging t o  the Raniceps zone.  Stil l 
farther east, at Källingmöre (two km east of Köping) ,  WIJ\'lAN found "blocks 
of the Upper Asaphus l imestone only" in field walls and mounds ("more 
coarsely crystal l ine than the Platyurus l imestone and ful l  of  brown specks" 
- quoted from WIMAN 's  diary) .  

West of the railway halt at Stacketorp grey l imestone with Pterygo­
metopus selerop s, Pliomera jisclzerz� As ap luts cf. raniceps, lllaenus c f. esmarcki 
(hypostom) and Ampyx nasutus is exposed in a draining d itch close to the 
main road.  A couple of hundred m west of  the road the following fossils 
were collected around a w ater hol e n ear the same di  te h :  Megalaspis acutz� 
cauda, Pseudasaplzus s p . ,  Ptychopyge cf. angustifrons, Symplzysurus palpebrosus 
and fru zonatus (evidently the same leve! as at Köping ;  also at Stacketorp 
the Limhata l imestone  crops out not far below) . On the eastern s ide of 
the railway bright red l imestone, probably belonging to the Ran iceps zone, is 
exposeti . The fossils (Asaplzus cf. raniceps, Pseudasaphus sp . ,  lllaenus sp . )  are, 
however, too few and not sufficiently weil preserved to give ful l  certainty. 

3· Correlations. 

The problem of the earrelation of the Asaphus l imestone in Northern 
and Southern Öland is far from solved with what has been displayed above. 
At the most, one would dare to assume that gradually h igher beds of the 
series in  Southern Öland through their  northerly extension change their 
colour into grey. It is ,  however, qu ite certain that the old designatians of  
"Upper" (red) and "Lower" (grey) Asaphus l imestone have an entirely 
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different mean ing when appl ied to sections in Northern or Southern Öland 
(as must have been generally suspected). They are , in  fact, so inadequate 
that they ought to disappear from the future d iscussion . 

Like the old subdivision of the Raniceps l imestone in Northern Öland 
that proposed above is  based mainly on lithic characters but less on the 
colour than on the various kinds of grains d isseminated through the stone .  

One might  expect that the change from one type of l imestone to an­
other would have taken place at different t imes in places far apart. The 
following facts contradiet this : Grains of glauconite and phosphorite never 
occur tagether in the same bed, the beds containing the one kind or the 
other are even separated by a zone of l imestone free from inclusions .  From 
what is said below about the sedimentation it  is evident that the grains 
are al lochton and that they probably were carried by waves or currents 
from the area where they were formed and deposited simultaneously on 
vast areas tagether with sheils and shel l  fragments. Their value as strati­
graph ical indicators should therefore not be underrated .  

The  subdivision is applicable to  the region around Uggletorp and Stacke­
torp and perh aps even farther south , but the seetian at Lenstad shows 
that the d ifficulty of earrelation with the sections in Northernmost Öland 
increases southwards .  

With our present knowledge a fairly complete earrelation with the sequ­
ence of strata in Estonia is possible .  Some elements of the faunas do not 
appear or d isappear strictly at the same leve! (compare the fossil l ists from 
Öland with those of LAMANSKY I 905  p. 5 3-60) , a difference which may 
be partly removed when the faunas from Öland have been thoraugbly 
revised .  Gotland (THORSLUND I 938 )  is not as one would expect intermediate 
between Öland and Estonia .  The whole Asaphus l imestone is only I m 
thick. The fossils seem to indi cate that it comprises the Expansus zone 
(Megalaspis cf. acuticauda ANG i n  its m iddle part ; also in Estonia this 
species occurs at rather lo w levels : Bm a and Bm Bl · The Asa p hus l imestone 
in  Dalarna has been studied by HESSLAND and a subdivision corresponding 
to that in Öland has been made (several papers now in print) .  Our  know­
ledge of other Ordavieian areas on the Swedish rnainland are at ·present 
too deficient for a earrelation with Öland .  Reference to a seetian from 
Östergötland in MOBERG I 9 I  I (p .  I 5 3 ) may be sufficient to demonstrate 
the difficulties met with (Limestone with Megalaspis Ileros below the Ex­
pansus l imestone ! ) .  

4· The sedimentation. 

It is a well-known fact that the l ith ic character of the Orthoceras l ime­
stone is n ot the same al l th rough . So,  for instance, the l imestone with 
Megalaspis limbata i s  fine grained , and on fractures comparatively few 
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seetians through larger fragments of fossils as for instance encrinite stalks 
<:an be seen. The grey glauconite-bearing limestone which follows above , 
i s ,  on  th e other hand to a great extent camposed of larger fragments of 
fossils heJd tagether by a cement of calcite .  The followin g  discussion of 
the sedimentation starts with the glauconite-bearing beds between the Lim­
hata zone and the Expansus zone which I h ave studied in  the quarries at 
Gillberga and at Haget. 

As  mentioned above (p .  5 3 7)  in these l imestone beds one often finds 
large fossils which do  not l ie conformably with the bedding planes but 
very often stand on edge extending tbrough the wbole tb ickness of the 

Fig. 7 .  Diagram sh owing the posit ion of the fossi ls i n  a l imestone bed.  See the text. 

bed.  Fig. 7 is a diagram showing a block of a th in  l imestone bed with a 
few fossils in  their present orientation at different angles to the bedding 
planes. (The fossils lying on the bedding planes are horizontal. ) 

To explain the orientation of the fossils within the beds one is forced 
to assume that the bed is camposed of material wbich was carried away 
by the water during a violent storm or some other natural catastroph and 
tben rapidly settled on the bottom.  Large sheils of trilobites and other 
animals were swept away at the same t ime ;  tbey sank to the bottom and 
were locked between the comparatively !arge sedi mental particles which 
formed the matrix, and fixed in  the position in which tbey bappened to 
have been swept down to the bottom . They are thus found with in the 
beds in positions wbich they could not possibly have bad if tbey bad sunk 
down one by one, independently of the material forming the matrix (or if 
tbey were part of a fauna l iving on the bottom) and then been inbedded 
under slow sedimentation of the material which forms the bulk of the 
limestone .  Single instances of angular orientation could perhaps be explained 
by assuming tbat a shel l  (a pygidium or the l ike) lying on  the surface of 
the bottom sediments had been tilted by currents sweeping along the bottom 
and supported in this position by sediment particles which were stirred up 
at the same time and settled underneath the she!! . But when the fossils 
as a rule lie at an angle to the bedding planes such an explanation is not 
satisfactory. A reworki ng by currents on a !arge scale of the uppermost 
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sediments on the bottom would hardly have left the delicate spines on 
the "Acidaspis" pygidium of fig. 8 un broken . Further the thin bed "b"  at 
Haget which has the same thickness for h undreds of m along the base of 
the cliff and is very homogenous in  its structure could not possibly have 
been laid down on a bottom disturbed by currents strong enough to stir 
up the sediment and rearrange the fossils now found within the bed. The 
fossi ls can hardly have sunk into  the bottom sediments. The small "Aadaspis" 
in fig. 8 weighed practically notbing in water, and even i f  i t  had a weight 

Fig. 8 .  Acidaspis sp. Pygidium. Riksmus. Palaeoz.  Avd. Stockh olm. N: r ar 98oo. 
Light from the right  and from bel o w ;  vertical seet ian through a bed. See the text. X 4. 

worth ment ioning the Iong fine spines would have effectively prevented it  
from sinking. 

The conclus ion must be that l imestone beds with a thickness of up to 
one dm (and perhaps even more) were laid down in a space of time which 
can be best measured in  hours. The few dozens of beds which in terest us 
here (total th ickness about 3 m ) would then have been deposited in a t ime 
which together amounts to say on! y a few days of the hundreds of thousands 
of years which this series of sed iments mig h t represen t . '  

' A similar sudden deposition o f  li mestone beds b u t  in  alternation with a deposi t ion 

of shales, evidently took place also i n  other formations. During the XVIIlth GeologicaJ 

Congress l saw an example on an excursi on in  the Lower Lias of Pinhay Bay,  Devon· 

shire.  In  l imestone beds with a thickness of at  !east two dm !arge Ammoni tes were seen 

stand ing vertically in  th e matrix. They were probably at first kept in  this posi tion by 
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During the time interval which passed 
between the deposition of one bed and the 
next, the fi.rst bed seems to have been subj ect 
to corrosion ("negative sedimentation" ) . '  Very 
little new materi�l ,  if  any at al l ,  was deposi­
ted during these periods. The greyish green 
lamellae with a high percentage of glaucon i te 
separating two beds of l imestone are so th in 
that they are best explained as a residue from 
the dissolved l imestone (glauconite is insolu­
ble in  hydrochloric acid and was probably 
stil l less influenced by the very dilute acids 
(phosphoric acid and others) , which were 
present in  the sea water. 

Fig. 9 shows how the corroswn worked .  
The 1 5 cm thick l imeston e bed represents 
four sedimentations. During the periods when 
no sedimentation took place the corrosion 
produced a very i rregular surface bleached 
under the influence of chemical agenti a .  On 
the seetian th rough the bed the corroded 
surfaces are seen as l ight coloured zig-zag 
I ines (broader at the convexities of the curve) 
which run roughly parallel to the bedding 
planes .  It is quite possible that beds which 
were once deposited were again enti rely dis­
solved. 

The fossils occurring in the loose sedi ment 
between the l imestone beds are usually poorly 

Fig. 9· Sect ion th rough a l ime· 
stone bed with i rregular corrosion 

surfaces .  See the text. 

preserved.  A !arge number of fossils were certainly dissolved in  the same 
way as the l imestone .  The fossils l ie conformably with the bedding planes. 

gas filling the chambers of the shell as the matrix accumulated around them. The im· 

bedding cannot have taken Iong t ime also for the reason that if  i t  bad,  the  portions of 

the Ammonite not yet protected by the sediments would needs have been etched by 

the sea water or attacked by boring organisms.  ! t  i s  evident that these limestone beds 

cannot have been formed secondarily (as concretions i n  the  shales), as i n  the sh ales the 

fossils l ie h orizontally. ! t  seems reasonable to assume that the whole sequence of beds 

were deposited under the same bathymetri c condit ions ,  the  shales represent ing the ' ·nor· 

mal" sedimentation and the limestone intercalated "storm beds" .  A ph otograph of a cliff 

of Blue Lias samewhat east of Pinhay Bay is  reproduced i n  CHATW I N  1 948 (Plate II , B). 

' HADDING ( 1 927 ,  p .  86) signifies as negative sedimentation the denu dation and 

removal of deposited, mostly unconsolidated material, which often l eaves the coarser 

fragments on  the place. The term i s  applicable to  the case discussed here though the 

" denudation and removal" were evidently accomplished by chemical means.  The corrosion 

("halmyrolysis" ?) illustrated in fig. 9 must have occurred in  consolidated limeston e. 
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The rapid deposit ion of each l imestone bed (or part of one -- cf. fig. 9) 
and the Iong periods of "negative sedimentation" are phenomena which 
must be reckoned with when try ing to interpret the Ordavieian sediments 
Df Öland .  But there are other problems connected with the sedimentation 
which must be left unsolved, such as the question of the source of the 
material forming the matrix in  the beds, the means of transportation of 
this  material to i ts  present s i te and the very uniform development even of 
rather th in  beds over wide areas. There is a certain similarity with the 
chalk deposits in Skåne, as for i nstance that at Båstad, where the chalk 
consists of small fragments of sheils of about the same size as those compos­
ing some Ordavieian beds. In both cases the beds contain comparatively 
few determinable fossils . The Ordovician beds in Öland were, however ' 
undoubtedly deposited farther from the shore as boulders of older rocks 
are never found in them , which , on the other hand, is more or less the 
<:ase at all the levels i n  the quarry at  Båstad.  

I am incl ined to assume that the different  layers i n  the "packs" of the 
Limbata l imestone were also formed suddenly - though not so suddenly 
as the beds above them as the material forming the sediment is  finer. I 
have not made a detailed study of the fossils as to their orientation , but 
!arge fossi ls ,  as for instance the pygidia of Megalaspis limbata l ie  horizontally 
(which is what one would expect as such fossils cannot on account of their 
weight be fixed in a labile posit ion by the fine slowly settJ ing sediment) . 

One would get the same difference of sedimentation as between the 
<:oarser l imestone and the Limbala l imestone i f  one poured a shovel ful l  
Df small disks of glass and glass beads into water or the same disks to­
gether with finely powdered glass. 

In the upper part of the E.>:pansus zone and in  the lowermost part of 
the Raniceps zone weil defined continuous beds can stil l be distinguished 
{the beds "c" and "d  + e" in  the section fig. 2 ) but these beds are cam­
posed of Jens shaped portions of l imestone separated and cemented by soft 
marly sediments rich in glauconite. In "c"  and "e"  the soft component 
darninates so that i t  determines the colour of the whole beds (dark greyish 
green) .  In "d" and in  the beds above "e" the l imestone lenses determin e 
the colour ( l ight grey) . 

In the l imestone lenses the orientation of the fossils is irregular as in 
th e beds described above .  The lenses are ,  however, comparatively th in ,  
and therefore larger fossils l ike the pygidia of Megalaspis and Asaphus l i e  
horizontally .  The deposition of the l imestone lenses must  have taken place 
at short intervals as neither the l imestone nor the fossils have suffered 
much from corrosion . 

The Expansus l imestone and the Raniceps l imestone were probably 
deposited nearer the shore than the l imestone on lower levels. This is 
especially true of the uppermost part of the Expansus l imestone which 
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contains a very high percentage of terrigeneous material . '  It is  possible 
that the lenticular structure indicates deposition in  so shallow water that 
turbulence eaused by storm waves could catch and rework the bottom 
sediments. 

ANDERSSON ( I 896, p. 78) wanted to correlate the " Conglamerate with 
Stroplzomena jent:c;schi" with the "Lower Asapluts l imestone" i n  Öland which 
is supposed to be the equivalent of the "s .  g .  Expansuskalk Östergötlands 
and Nerikes" .  Since the "Lower Asaphus l imestone" has turned out to be 
very heterogenous, comprising at !east three faunistically distinct zones the 
exact position of the conglamerate i n  the Lower Ordavieian sequence of 
strata remains to be ascertained (see HESSLAND I 949) . The most probable 
is that the "Conglomerate with Strop!zomena jentzschi" earresponds to the 
uppermost Expansus beds or the lowermost Raniceps beds (c-e at Haget} 
which were evidently deposited in comparatively shallow water. HOLM is 
also right in assuming ( 1 89 5 )  that the isolated s iphons found in the "Undre 
grå" are proofs of a deposition near the shore. The storms which I have 
postulated might have broken the sheils of the orthoceratites to p ieces and 
carried away the siphons.  

Above the glauconi te-bearing div ision of the Rani ceps l imestone  the 
beds again become more compact. As an example one may mention the 
l ight grey l imestone in the small  ditch above the cliff at Haget (see p .  5 39) . 

I n  the uppermost d ivision of the Raniceps l imestone the orientation of 
the fossils and the structure of the beds has not been especially studied, 
but upwards from the Ran iceps l imestone we get a gradual change both 
in the colour and in  the grain of the l imestone which i s  the reverse of the 
change observed in  the series below the Raniceps l imestone from the Lim­
hata l imestone upwards .  The Limhata beds were probably deposited in 
deeper water than those contain ing Asaphus lepidurus, expansus and raniceps. 
The red beds with Me-galaspis centaurus and gigas and Asaplms platyurus 
mark a return to sedimentation in greater depth . 

The black ooid-bearing bed in  the Expansus zone ("a" i n  tig.  z ) must 
have been deposited under unusual condit ions,  possibly in a depression of 
the shel f with stagnant water, or  perhaps in a lagoon .  The onset of th i s  

unsolved i n  cold H C I  

Eskilslund (Expansus l imestone = H aget " c " )  . . . 

Hjorth amn l imestone . . . . . . • • • • . . . . 
Byrum (bed with calcite ooids above the ooid h arizon proper) 

H aget ooid horizon, upper part . . . . . 
H aget (beds below the Expansus Zon e ?) • 
Platyurus l imestone Stenåsa ( N ö R R EGAA R D  1 9 1  1 )  

Ancistroceras • 

Upper Asaphus limestone Resmo " 

Lower 

Planilimbata 

3 7 - 48705 Bull. of Geol. Vol. XXXIII 

20. 3 % 

7 .0 % 

7 .0 % 

1 2 .7 % 

5 · ' %  
6 . s % 

4- 5 %  

6.3 % 
9 -2 % 

I o . s % 



BIRGER BOHLIN 

sedimentation is foreboded by a change of the lithic character of the bed 
below the ooid-bed (see p .  5 3  5) towards the contact. The ooid bed is followed 
abruptly by a thin hut very compact and resistent l imestone bed ("b" in 
fig.  2 )  which is  i n  all respect like the bulk of the beds laying below the 
ooid-bed. This bed might have been formed when the barriers confining 
the supposed depression were removed .  

5 ·  The erosion of the Asaphus beds. 

In I 895  ANDERSSON published an interesting paper on the sea-stacks 
at Byrum. He points out that the formation of sea-stacks is connected with 
a regression of the sea (p .  2 I ) and that i t is favoured a) . by the presence 
of vertical j oints traversing the l imestone ,  b ) . by a restricted tendency of 
the limestone to separate al on  g harizontal planes (p .  2 5 )  and,  finally, c) . by 
the rock being of the same hardness with in  the same leve!  (p.  6) .  ANDERs­
SON also mentions as characteristic of the l imestone that i t  tenels to split 
into fragment about one dm in length as the weathering proceeds which of 
course facilitates the work of the waves along the j oints .  

ANDERSSON' s  paper only deals with Byrum .  An incipient formation of 
sea-stacks can , however, be seen also on Hälludden and in  Tokenäse hamn , 
at both these localities in  the same kind of limestone as at Byrum. There 
may be several reasons why the sea-stacks are not equally weil developed 
in  all t hese places : 

There may exist some small differences in the structure of the l imestone ,  
no t  noticeable ,  however, when one  collects fossils. 

The exposure to the waves may be different. This is, however, not 
very I ikely as the coast faces approximately i n  the same d irection (northeast) 
at all three localities. 

The appearance of the coast when the Raniceps beds came within the 
reach of the waves may have been deciding. At Byrum i t  was probably 
protected by superimposed drift .  The waves could cut into the edges of 
the beds, hut the resulting stacks protruded comparatively little from the 
covering alluvial deposits and could therefore not be destroyed by the ice 
accumulating on the coast during the winters . The sea-stacks at Byrum l ie ,  
as a matter of fact, at the southwestern corner of the vast forested dune 
sand area occupying almost the whole of the parish of Böda, and the sand 
could very well have formed such a protective covering.  At Hälludden and 
Tokenäs the  shelf along the shore is bare, so that the ice can remove the 
tops of the sea-stacks Successively (see p .  542 ) .  

At the same t ime the supply of sand (and also of pebbles of si l i ­
cate rocks) at Byrum assisted at the grind ing and pol isb ing action of the 
waves .  
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Fig. 1 0. The rai sed cl iff at  Gil lberga. See p .  5 44 and p .  567. 

ANDERSSON indicates without attach ing great importance to it, that the 
small brook debouch ing at the northern end of  the dissected cliff at Byrum 
had taken part in the formation of the sea-stacks. 

How ever the sea-stacks were formed, one thing is  certa in ,  namely that 
if  )arge or small they are only found where the Raniceps l imestone forms 
the nearly submerged part of the shore. On the shore between Grytham n 
and Alv idsj öbodar (more than 6 km) the Limhata l imestone and h igher 
levels up to the Expansus Zone form a low flat shelf without even traces 
of sea-stacks . The structure of the l imestone does not allow it to be picked 
by small p ieces like the Ran iceps l imestone but the erading forces break 
off !arge flags along the bedding  planes .  These flags are then by and by 
broken into small ones .  The shingle thus formed is very much coarser than 
that formed from the Raniceps l imestone .  

The enormous accumulations of l imestone fragments which are  called 
"Neptuni åkrar" (the "Fields of Neptune" )  derive from the lower Raniceps 
l imestone which was broken up  with a speed that there was no t ime for 
the fragments to become properly rounded before new masses were de­
posited which protected the first ones from further action of the waves. 
These fragments can be  used as a natural macadam whereas the shingle 
from the Limbata l imestone is far too coarse for that purpose. 

It is quite possible that sea-stacks once were developed at Haget but 
when the shore was raised so far that the soft beds at the boundary between 
the Expansus and the Raniceps zones came with i n  the reach of the waves 
the sea-stacks were doomed.  The present undercut cl iff represents a later 
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L i s t  o f  f o s s i l s  I.  

l .  2 .  3 - 4 - 5 · 6. l 7 - 8 .  9· --- --- --- --- · --- ---

Pterygometojms sderops (DALM.) . . . .  

Ceraurus ingricus F. S . . . . . . . . . . . .  

" ornatus DALill . . . . . . . . . . .  

Cyrtometojms a/finis ANG . . . . . . . . . .  

)) clavifrons (DALM .) . . .  

? Cyrtometopus s p . '  • • •  o • •  o • • • • • • • •  

Nieszkowskia tumidus (ANG .) . . . . . . 

S jJlzaerowryjJhe sp . . . . . . . . . . . . . . . . .  

Pliomera .fisclteri (EICH w.) . . . . . . . . .  
C y bele bellatula (DAL M . )  . . . . . . . . . . .  

Ceratocephala sol is (ÖPI K) . . . . . . . . 

Liclzas coelorrhin AN G . . . . . . . . . . . . .  

" verrucosus (EIC HW.) . . . . . . . .  

Harpes sp . . . . . . . . . . . . . . . . . . . . . . . .  

Remopleurides s p .  • • •  o • • • • • • • • • • • •  

Megalaspzs extenuata DALM. . . . . . .  

» heros (DALM. )  . . . . . . . . .  

» rudis ANG . . . . . . . . . . . . .  
» s p .  c f. .r.tibba F .  S . . . . . . .  
)) s p .  (see p.  5 56) . . . . . . . .  

As aphus raniceps DALM . . . . . . . . . . . 

Pseudasaphus s p .  . . . . . . . . . . . . . . . . .  

Ptyc/wpyge s p . . . . . . . . . . . . . . . . . . . . .  

Nileus armadillo DALM . . . . . . . . . . . .  

Niob e frontalts DALM . . . . . . . . . . . . .  

"lsotelus" stacyi F. S . . . . . . . . . . . . . .  

Illamus 

" 

Ampyx 

esmarcki (SCH LOTH.) . . . . . .  

cf. ladogiensis 

nasutus DALM. 

H O LM . . . . .  

o • • • • • • • • • •  

Trinodus c f  . .f:labratus (ANG.) . . . . . .  

Brachiopoda var. sp . . . . . . . . . . . . . . .  
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' Small verrucose cranidi a ;  the  generic determination IS uncertain bu t the whole 

material undoubtedly  belongs to  the same species .  
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L i s t  o f  fo s s i l s  I I . 

N u mber of speci mens  

Pterygometoj;us sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Cyrtometoj;us clavifrrms (DALM.)  . . . . . . . . . . . . . . . . . . . . . . .  . 

Nieszkozuskia cf. tumidus (ANG.)  see p. 5 50 . . . . . . . . . . . . .  . 

Liclzas end W AR B. . . . . • • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .  

aff. coelorr/lin ANG . . . . . . . . . . . . . . . . . . . . . . . . • . • . . .  

» j;latyrrlzinus F. S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Conolicltas r oelandicus (ANG.) . . . . . . . . . . . . . • . • . . . • . . . • . • .  

Eski l s luncl '  

2 

3 

Megalaspis acuticauda ANG.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . ::! 
» cf. /tyorr/tina v. LEUCHT . . . . . . . . . . . . • . . . . . . .  

Asaj;hus e:rj;ansus L.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 8  

cf. ranicej;s DAU!.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Ptyclzoj;yge cf. angustijrons . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3 

Niobe sp . (h ypostoma) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Symj;ltysurus palj;ebrosus DAU!.  . . . . . . . . . . . . . . . . . . . . . . .  . 

lllaenus s p. (? esmarcki) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 3 

Amj;y:r cf. nasutus DAJ.M . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .  

Antigonambonites sp.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Lycoj;lwria nucel/a DALM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Pseudoerania s p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Ortltis callactis DAL!\! .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Colonies o f  Trepostomate bryozoans (fl/lonticulzpora) . . . . .  3 

Dj upvik2 

2 

9 

3 

4 

3 

' The fossils collected from a certain leve! or from a certain block were numbered 

separately. The list gives the total of 8 such collections .  

• The total of the collections  8- 1 7  on pp .  5 49-5 50 which  all  except 9 and 1 6  come 

from the same kind of marly l imestone. 

stage m the evolution of the shore. Still in  a later stage the protn1ding 
parts fall down as for instance at the northern and southern end of the 
cliff at Haget, perhaps also south of Hälludden and south of Byrum. The 
so-called sea-stacks at Gillberga (fig.  1 0) now raised to a height of about 
8 m above sea leve! probably earrespond to a stage samewhat later than 
that represented by the cliff at Haget. 
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Explanation of plate I. 

Figs. r-4. l'ygidi a  of  some stratigraphical ly  important M egalaspi ds .  I n  some of 

the specimens the l imbus i s  partly broken away but part of the background on wh ich 

the specimen was ph otographed is left for a reconstruction. All  2/3 nat .  s ize .  

r .  Megalaspis centattrus DALM. N arrower t han the specimens figured by S C H  J\1 J ] )  T 
from Estonia (rat io  width/Jength 0.78 instead of o.88). H owever, a wide range of vari a_  

t i on i s  al lowed i n  th i s  respect (SC H M IDT 1 906, p .  5 9). - Marsjö .  

2 .  /11/egalaspis rudis ANG.  Rat io  width/length r .o .  Considered by SCH M I IJ T  and 

others to have "höch stens d ie  Bedeutung einer Varietät von M. centattrus oder grandis" 

(1 . c. p. 6 1 ). In Öland the two species (or varieties) never occur in the same beds ,  at !east 

not in  the  rather wel l  i nvestigated locali t ies in  Persnäs and Föra. - M arsjö .  

3 · Jlfega!asj;is sp .  Rat io  wid th/length a lmost  as h igh as i n  M. rudis (0.97), but  the 

shape of  the pygidium is  d is t inct ly  more triangular reminding one samewhat  of  M. ex· 
tmuata i n  which ,  h owever, th e number of segments  in the rhachis and that of d is tinguish­

able costae i s  cons iderably smaller ; i n  th is  respect the  species reminds  on e m o  re of 

1�fegalaspis rudis. - Asaph us l i mestene (red), Lenstad . 

4. ;�1egalaspis gigas. ANG. Ratio width/length 0.9.  - Gunnarslund.  

The species  of Megalaspis from Öland wi l l  be the subject  of  a mon ography la ter. 

The figs. 1 -4 are published to make clear the signification of  the various specific names 

m the presen t paper. 

Fig. 5 and 6. "Isoteltts" stacyi F .  S .  2/3 nat .  size.  

5 · Partial cran idium without the she!! .  The portions i n  front of the i rregular wh i te  

I ine  are  reconstructed (cf. SCH:VI IDT 1 90 1 ,  p .  97). Posteriorly the righ t ha lf  i s  completc . 

- U pper Raniceps l imestone ,  Gunnarslund .  

6.  Fragmentary pygidium,  she ! !  part ly  preserved . - Upper l{ an i ceps l i mestone 

about r ki lometer N .  N.  E .  of  Stenninge.  

Photos N. HJORT .  
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Map of the northernmost part of  Öland (Ordnance 

map reduced to the sea! e 1 :  3ooooo). 
The Contour- l ines in t h e  sea of the north mark 

depth s of  less  than 10 metres. 

The approximate extensions of the sections at M ar· 

sjö and Dj upvik are indicatecl with Iines in  Indian ink. 

A. Al vidsjöbodar 
B .  Byxelkrok 

Be. » Berge t »  (see p. 55 I )  
B y . By rum 

D j .  Djupviks h amn 
E .  Eskils lund 

G i .  G i l lberg-a 
Gu. Gunn arslund 

Ha.  Haget  

Hj h .  Hjorthamn 
H j s .  Hj elm estad 

H.  u.  Hor n s  udde 

I l  ä. Hälludden 

K. Korn torp 

M .  Maderna 

Ma.  Marsj ö  

N .  u .  Norra udden 

Sa. San d v ik 

St .  Stenningc 
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