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1. Preface. 

The Cambrian , Ordovician , and Silurian sequence of strata i n  the small 
mountain of Kinnekulle in Vestergötland probably forms the most widely 
known of al l  Swedish geological profiles. It has attracted the interest of 
naturalists ever since the time of LINNAWS (» Wästgötaresa »  r 747 ) and was 
made the classical type profile of the Scandinavian Cambro-Silurian through 
the work of ANGELIN ( r 8 54) . 1 Its main features are taught to every school­
boy in Sweden and have been reproduced by text-books here and abroad. 
The mountain was made the obj ect of a fine monograph by G. HOLM in 1 90!. 2  

A l l  t he  time, however , i t  has been known to  geologists that in  certain 
respects Kinnekulle is not a most favourable obj ect for geological studies. 
The sequence of  strata is unusually complete and almost undisturbed 
tectonically. But the dense vegetation and the scarcity of  exposures in 

' ANGELIN , N. P . , Palaeontologia Scandinav ica. - H olmiae 1 8 54 (2 Ed. 1 878). 
2 HOLM, G. and MUNTHE, H ., Kinnekulle. - S.  G .  U . ,  Ser. C ,  N:r 1 72 .  Stockholm 

190 1 .  

24-46595. Bull. o f  Geol. Vol. XXXII. 
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great parts o f  the sequence, especially i n  those which consist of soft and 
easily weathering rocks , make i t  very difficult to p iece tagether complete 
profiles of  any considerable length . 

The gaps i n  our real knowledge of  the classical profile of  Kinnekulle 
became clearly visible w hen the description and map sheet Aa I 8z Lidköping 
(including Kinnekulle) was published by the Swedish GeologicaJ Survey in 
1 943 .  The description by A .  H. WEsTERGÅRD gives an excellent summary 
of what was known ti l l  then and clearly points out the lacunae. Thanks 
to the economic importance of  the Upper and Middle Cambrian alum shales ,  
the Survey had been allowed to carry out a deep boring (at Norra Skagen ) 
extending from the base of the Chasmops Series (Middle Ordovician) down 
through the "Orthoceras l imestone", the Tremadocian strata, the Upper and 
Middle Cambrian , to the top of the Lower Cambrian Sandstone .  Conse­
quently fairly complete data became available concerning all these lower parts 
of the sequence. But the higher parts were sti l l  quite fragmentarily known.  

It now appeared both a duty to Swedish geology and a promis ing task 
for our In stitute to try securing a fuller knowledge of the remaining upper 
part of the classical p rofile and thus make this not only widely known but 
also , as far as possible, weil known . Clearly th is  could best  be  done by a 

deep boring, supplemented by more extensive collecting of fossils i n  ex­
isting exposures. Circumstances were at the moment especially favourable 
for such an undertaking :  specialists were available, or  already worki ng at 
the stratigraphical d i  visions cancerned : Mr B .  W ,'ER N,  fil. l ic . ,  working since 
several years on Lower Silurian strata (especially i n  Dalarna) , Dr .  P. THOI�S­
LUND, formerly at our Institute, now Keeper of the Museum of the Geolo­
gicaJ Survey, having done extensive work on the Chasmops Series in Jämt­
land and Dalarna etc . ,  and Mr G. HENNINGSMOEN, Oslo, temporari ly working 
in  Uppsala and j ust starting out on a study of the Tretaspis Series. Ac­
cordingly i t was entrusted to Mr W h:RN to carry out a planning of the work 
and estimation of costs ; and on the basis of th is  an application was made 
for the necessary economic support from the so called Reserve Fund of 
the University of Uppsala .  Thanks very largely to the active interest of the 
Rector of the University, Professor N .  VON HOFSTEN, the sum of  7 ,000 
Sw.  crowns was granted to the Palaeontological Institute. The boring was 
carried out i n  the sum mer of 1 944 by personneJ and too is of the Swedish 
Diamond Rock Dril l  Company, under the scientific supervision of Mr W MRN, 
partly assisted by Dr. THORSLOND and Mr HENNINGSMOEN. Permission to 
carry out the boring on the grounds of Råbäck rnanor was kindly granted 
by Baron W. KLINGSPOR; and the staff of h is  office gave much help i n  
arranging transports etc. 

The technical details of the boring are given below, in the Introduction, 
by Mr W JERN. The resulting core was divided among the three specialists ; 
the Chasmops Series being sent to Dr. THORSLUND in Stockholm , the 
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Tretaspis Series bein g worked out  by Mr HENNINGS'VIOEN ,  partly in Upp­
sala, parti y in Oslo, and the Silurian by Mr B .  W 1ERN i n  Uppsala. Each 
of them here describes his part of the core and is alone responsible for 
the data given and opin ions expressed .  

As far as  possible ,  one ha lf  of  the core was kept for further reference .  
This ,  and all the originals of figured fossils and rocks belong to the Palae­
ontological Institute, Uppsala. 

Apart from its importance as a classical (and sti l l  useful) type profile, 
the sequence of Kinnekulle is of great i nterest in  several other respects , 
stratigraphically as weil as palaeogeographically .  It is a weil known general 
feature of the Swedish Ordovician and Si lurian , th at i t  often shows a dif­
ference between a shaly (mudstone) graptol ite-hearing facies i n  the south 
(Scania) and west (Caledonians) and a shelly l imestone facies, found more 
to the east and shown in  extreme form stil l farther east ,  in  Estonia .  Evi­
dently ,  before any palaeogeographical conclusions can be made about any 
one special period i t  is necessary to know precisely which shelly beds 
correspond to the graptolite zone or zones in  question . The detailed ear­
relation of the shelly sequence with the graptolite-hearing one , therefore ,  is 
one of the major problems in  Swedish stratigraphy .  

Although the  sequence of  Kinnekulle is the type occurrence of several 
of our special Swedish l imestone or trilobite-hearing shale divisions ,  whose 
earrelation with the international graptolite zone success ion has offered 
many difficulties, its geographical position far to th e west , and th e occur­
rence of  certain d iv isions in typical graptolite-hearing facies make it in 
reality rather a transitional one between the two great facies types .  It is 
therefore natural that a close i n vestigation at Kinn ekulle wil l  be  of great 
interest to this problem of  earrelation ; and the boring has revealed the 
presence of  important horizons with graptolites , earl ier overJooked i.a .  
because they tend to occur in  the more shaly, easily weathering  and there­
fore mostly earthcovered parts of the profile, which now can be more 
completely studied in the core. The ensuing descriptions will show the 
results gained by the boring in  th is and other respects. 

In conclusion my pleasan t duty is to thank, on  behalf of the Palaeon­
tological Institute and the participating  specialists , a l l  those who, as men­
tioned above, made the boring possible and helped in  the work : first and 
foremost the Rector of  the University, Professor N .  VON HOFSTEN, and 
other Un iversity authorities ; Baron W. KLINGSPOR and his staff; and the 
authorities at the GeologicaJ Survey, who put their experience of deep 
boring at our  disposal . 

The Institute, and the cullaborators of Mr W /ERN are mu ch indebted 
to him for his self-sacrificing work in  carrying out with un tiring energy the 
detailed planning and daily supervision of the whole boring .  

Palaeontological Institute, March r 948 .  
G.  Säve-Söderberglt. 
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2. lntroduction. 

By 
Bertil Wcern . 

The s ite of the dri l l  hole was a small p iece of plain ground on the 
western slope of Kinnekulle , 25  m NE of the Kullatorp spr ing ,  Medelplana 
parish , province of Vestergötland ,  close to one of the roads which near the 
top of the mountain embrace i ts eastern , northern and western s ides .  By 
placing  the boring  i n  exposed rock it was possible to obtain core almost 
from the surface. 

It would have been advantageous to place the boring at or immediately 
above the leve! where the sedimentary sequence is i nterrupted by intrusive 
diabase, but for practical reasons this was impossible .  There remained but 
the alternative either to place the boring at an access ible water-supply on 
the diabase plane or at the one nearest below the d iabase.  In v iew of the 
uncertainty of  finding a sufficiently !arge water-reservo ir  on the d iabase 
surface and the comparatively high costs en tailed by p iercing  24 m of dia­
base, and,  furthermore, as the sequence nearest below the diabase is fa irly 
weil exposed,  it was decided to start the dri l l ing at a lower leve!, and to 
establ ish the profile through the h ighest sedimentary beds by digging and 
by exploiti ng  the road cutt ings .  I was engaged for some time on  this work 
in  the summer of  I 942 .  

T hus the dri l l ing be gan  at the  place mentioned above, 2 5 7 .  I 2 m a bo ve  
sea  leve!, 6 . 24  m above the leve! of the Kullatorp spr ing, the h ighest spring 
leve! at Kinnekulle , at !east of  a size worth ment ioning .  Its capacity during 
the dri l l ing was estimated at about 6oo l i tres per hour .  

By placing the bor ing samewhat h igher than the spring leve! i t  was 
possible to start the dri l l ing i n  the Retiol ites beds, whereby the stratigraphi ­
cal ly and petrographically i nterest ing beds forming the boundary between 
the Retiol i tes and Rastrites beds were i ncluded in the core. 

The bor ing was l imi ted to a depth of 88 .66 as already at this leve! i t  
was possible t o  correlate, with sufficient certainty, t h e  lowest beds with 
certain h igher beds i n  the core of Norra Skagen I 94 I  (WEsTERGÅRD I 943 ,  
p .  5 I ) . In that boring  the  sharp l i thological ch ange, earlier thought to  den o t e  
t he  boundary between » Chasmops Shale » and  » Orthoceras Limestone» 
(ej. TI-IORSLUND, below, p. 3 5 9 ,  whose leve! 6.6 m earresponds to WESTER­
GÅRD's leve! 9-4 m ) was erossed at 1 74 .0 m above sea leve! (9 -4 m leve! 
in the N. Skagen core) . In the Kullatorp boring approximately the 
same leve!  was erossed at I 72 .  I m (8 5 .00 m leve!  i n  the Kullatorp core) . 
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According to HOLl\I ( 190 1 ,  p. 68) the beds m Kinnekulle di p towards 
NNvV 0.2 3 m per 1 00 m, and this statement is thus contirmed by the 
above facts. 

After completing all arrangements and erecting the derrick between 
May 30th and J une 5 th 1 944, we began the dri l l ing, which took ti l l  J une 26th , 
whereupon the pul l ing down and loading was started and accomplished by 
June 29th .  When no obstacles were encountered , about 6 m core could be 
pierced daily. 

Diamond dril l ing was employed with a core diameter of 70 mm. Such 
a boring consumes much water flushing. As the Kullatorp spring could not 
supply al l  the quantities required ( 1 000 l i tres per hour) steps we re taken 
to collect the water w h ich , m ixed with bo ring mu d ,  returned from the l10le ; 
after some clarifying i n  !arge barrels this water could be used again .  The 
topmost metres of the rock contained man y fissures, however, and at 6 . 2  5 
the water disappeared completely. After cementing the hole the water could 
be regai ned .  The rock was then more or less t ight as far as 1 8. 82- 1 9 . 8 1 ,  
where a water-bearing leve! in  the l imestorre diverted the water from the 
drill hol  e ;  a ls  o at 3 5 .  I 5 ,  on the boundary between the basal  l imeston e of 
the Dalmanit ina beds and the topmost sandstorre of the Tretaspis Series, 
the water disappeared agai n .  The core bad to be cemented at both these 
levels as weil as at a certain leve! in the red Tretaspis Shale ,  but further 
down no  cementation was done in order to regain the water which soon 
disappeared again .  Therefore i t  can be said ne ither how many vvater-bearing 
levels there were encountered during the rest of the dri l l ing nor their loca­
t ion .  The decrease in  the water-supply made it necessary to pump up water 
the whole time, wh ich meant increased work with pumping .  Owing to the 
l imited water-supply the spring was often pumped dry during the dri lling .  

The dri l l i ng of the upper parts of the core was rendered rather diffi­
cult by the numerous fissures in the rock, especially by the vertical ones .  
The core was  fai rly crushed,  and  in order to  faci l itate its examination i t  
bad  to be  taken up in small portions only, e.g. 8 portions between 0 .65-3 . 8 2 .  
Lower down the core was i n  a somewhat better condition , though i t  was 
stil l crushed in some places and showed losses, though with in  reasonable 
lim its : 1 0 % in the Rastrites beds and even less in the lower parts . The 
benton i te beds in the Chasmops Series were an exception , however, the 
losses in  the core being considerable .  The dri ll ing itself i n  this sticky , 
heaving rock entailed certa in d i fficulties, the water not always passing freely 
past the bit as the bentonite plugged up the space reamed by the diamonds. 
It was also techn ically d ifficult to do the dri l l ing through the abrupt tran­
sition from soft bentonite to flint bard s i l iceous l imestone .  The lowest 
l imestorre produced 1 00 % core. 
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3. The Chasmops Series of the Kullatorp Core. 

By 
Per Thorslund 

The Chasmops Series of Kinnekulle has h itherto been very incompletely 
known as i t  is mostly covered by Quaternary deposits , and only a couple 
of small outcrops of its upper part have been available for studies. Mainly 
owing to investigations made on boulders i t  has been possible to estab!ish 
that there are, in the lower, never exposed hal f of the Series , beds of hard 
ftinty l imestone, l ess calcareous than those of gray or bluish gray l imestone 
which have been suggested to form the top of the Series. The thickness 
has been estimated at ro m at !east. 

On account of the l imited possibil ities of investigations the Chasmops 
Series of  Kinnekulle , and of other Cambro-Silurian areas of Vestergöt­
l and as weil ,  has not been subj ected to a division into stratigraphical zones. 
Studies in  some other distri cts demoostrate that the Series can be divided 
into two parts , each of them very Iikely corresponding to two graptol ite 
zones. The l ists of fossils published from Kinnekulle indicate that the Lower 
Chasmops Series is fairly complete from a stratigraph ical point of view. The 
presence of the Upper Series has not been definitely established as i t  is 
connected with the validity of the statement by ANGELIN ( 1 8 54,  p. 9) that 
Chasmops macroura (Sj ögren) occurs at Kinnekulle. LTNNARSSON ( r 869, p. 3 3 )  
h a s  a\so recorded this species, though with a mark of interrogation ,  a s  found 
in  boulders of Chasmops Limestone at Kinnekulle .  

In  the Kullatorp core the Chasmops Series includes the beds from 63.0 m 

to the bottom ,  88.56 m, i. e .  a thickness of  2 5 . 5 6  m .  Lithologically it has a 
varying composition in  different parts and therefore can be divided into 
the following portions. 

62.96-63.08 m .  Dark-gray, sligh tly argil laceous and glauconitic l ime­
stone with irregularly l imited lenses of barder, bluish dark-gray , almost cam­
pact limestone ,  contain ing about I% PzOs (PI. XXII, fig. r ). In the upper 
part of this bed the phosph atic l imestone lenses form a layer rich in marca­
site. With in and espec ially close above this layer the calcareous tests are 
quite white and porous as i f  they had been subj ected to subaerial weathering 
- at al l  events there has been some sort of chemical decomposition and 
alteration .  

Th is l imestone bed is covered with black shale w i th  a graptolite fauna 
belonging to the zone of Climacograptus styloideus of the Tretaspis Beds. 
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The most basal part of this shale is calcareous and contains a shelly fauna, 

quite different from that of the limestone bed below, in the lower part of 

which Tretaspis ceriodes (Ang.) has been found tagether with Euprimitia 

aff. loekneusis Thorsl., FVinclullatia cf. variolaris (Bonn.) and a few species 

of Conclwprimitia and Bothoeypris. Scattered valves of these astracoda 

occur in the limestone close above the phosphatic layer in which they are 

associated with Steusloffia cf. eosfata (Linrs.) and fragments of very small, 

peculiar trilobites. 

6J.o8-64.05 111. Chiefly black bituminiferous shale, towards the under­

and overlying beds successively turning to grayish colour and becoming 

slightly calcareous. The black shale greatly reserobles Upper Cambrian alum 

shale and like that it contains pyrite, hut its calorimetric value is low. At 

about 63.60 m there is a conspicuous though thin, barely I mm thick layer 

containing sharp-edged grains of quartz and flakes of dark mica in a yellow 

brownish matrix. 

This bed is fairly rich in graptolites and the following fossils were 

observed:-

Lonclwdomas minutus n. sp.; Primitia obesa n. sp.; Orbiculoidca? portloeki 

(Gein.) ; Dieranograptus dingani Carr., Climaeograptus brevis E. & W., 

Diplograptus multidens var. eompactus (Lapw.), Amplexograptus pulchellus 

(Hdg. ), A. vasae Tullb., Corynoides eurtus Lapw. 

64.05-65-43 m. Beds of gray to dark-gray limestone, campact to finely 

crystalline, and calcareous mudstone; mostly dark-gray mudstone in the 

lower third. Finely crystalline pyrite scattered throughout the whole length 

of the core portion, and zincblende at 64. IO m. An intraformational pebble 

conglamerate occurs between 64.8 I and 64.90 m. The pebbles rounded or 

sub-rounded, occasionally indistinctly limited, consist of campact limestone, 

rarely of dark shale, and the limestone matrix is finely crystalline in the 

lower portion, coarser crystalline and glauconite-bearing in the upper one. 

A similar, more easily noticeable conglamerate (PI. XXII, fig. 3), occurs at 

a corresponding stratigraphical leve! in a seetian at Mossen on the eastern 

slopes of Kinnekulle, 1.2 km SE of Kullatorp. At 65.29 m there is a very 

thin, about I mm thick layer, of dark bentonite clay and the underlying 4 cm 

are built up of very thin lenses of aragonite or calcite with interspaces of bento­

nitic or shaly material containing flakes of biotite and angular grains of quartz. 

Except in small forms the tests of the fossils are mostly broken and 

fragmentary. The following fossils were collected:-

JC?ntella dava Thorsl., Lonehodomas sp. (cf. p. 364), Pharostoma sp. (cf. 

p. 363), » Odontopleura» sp. (cf. p. 365), Trinodus sp., Phillipsine/la cf.parabola 

(Barr.), Platylichas sp., Remopleurzdes sp., 1//aenus parvulus Holm, Asaphus? 
glabratus (Ang.); Steusloffi·a eosfata (Linrs.), Winclzellatia variolaris (Bonn.), 

Winclz. gunnari n. sp., Ub-iehia sp., Bijlabellum sp., Conclwprimitia sp.; 

Bothoeypris sp.; Lepidoeoleus sp., and a few specimens of small brachiopods. 
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6543-65.75  m. Three beds of l imestone ,  each of them built up of a 
lower portion of  mostly gray but partly dark, almost campact l imestone ,  
and an upper portion of  darker, finely crystall ine l imestone with glauconite 
and with smal l lumps of dark or almost black phosphatic l imestone (PI. 
XXII, fig. 2). Pyrite present as concretions or as separate small crystals .  The  
contact surface between the  two portions i s  uneven , and the  l imestone close 
beneath it  is distinctly darker than the main part of the lower portion .  
Fossils sparse. In the upper portion of the central bed there i s  an accumula­
t ion of graptolites, which - dissolved from the rock by hydroch loric acid -
have proved to be very fragmentary preserved specimens of Diplograptus 
sp .  and Climacograptus sp .  Other fossils observed are Remopleurides sp . ,  
As aphus? s p . ; Steusloffia eostala and  Winchellatia s p .  

65.75-66-50 m. Beds and lenses of gray almost campact l imestene 
with sl ices of shaly matter, and grayish to dark shale ,  occasionally marly. 
In the dark sh ale between 66.2 5 m and 66.29 m t here are pien ty of flakes 
of biotite and also bentonitic material and lenses of aragonite or  calcite in 
a th in  core portion ,  which thus has a composition s imilar as that of the 
bed between 65 . 29  m and 65 . 34  m.  In the l imestone between 66. 30  and 
66-40 m there are also scattered flakes of biot ite .  The content of  pyrite 
i s  almost as great as in the overlying beds. Fossils are relatively sparse 
and fragmentary : 

PJzillipsinella cf. parabola,  Remopleundes s p . ; Steusloffia costata, Balticella 
oblonga Thorsl . ,  vVindtellatia variolaris. 

66-so-67.0  m. Mainly gray or paJe-green bentonite, partly r ich in  
biotite ; the  core is very incomplete and fragmentary. As the  real sequence 
cannot be made out from it, reference i s  here made to the seetian at Mossen , 
described on pp .  3 50-3 5 2  and d iagrammatically drawn in  fig. 2 .  

67.0-67.35 m. Two beds o f  dark, hard, partly argillaceous l imestone ,  
towards the base increasingly flinty, contain ing about 68 % SiOz. The fossils 
present are very difficult to clean out because of  the hardness and splitt ing 
of the rock during clearing. On  the upper surface,  however ,  there are ex­
cellently preserved specimens of Steusloffia costata. 

When weathered th is  rock gets a wh ite crust, i n  which the fossils are easy 
to observe and to clean out. Samples of the corresponding beds in the Mossen 
section have yielded the fol lowing fauna ,  collected in  the thin crust : Trinodus 
sp . ,  Remopleurides n .  sp .  (aff. latus var .  kullsbergmsis Warburg) , PJzillipsinella 
cf. parabola, :femte/la clava, Balticella oblonga, and several other species 
of  ostracoda, most of them belonging to the genus Ctenentoma. 

67-35-69.05 1n .  Gray b iotite-bearing benton ite with aragonite i n  the 
uppermost part. Core portion incomplete and fragmentary as i s  evident by 
a comparison with the sequence at Mossen . 

69.05-7I-50 m. Beds of gray to dark-gray, mainly finely crystal l ine 
limestone with mostly thin partings of  dark-gray marly shale .  In the 



ORDOVICIAN AND SILURIAN STRATA AT KINNEKULLE 347 

upper portion ,  0 . 7  m th ick, the rock i s  very hard or flinty, the uppermost 
1 0  cm mainly consisting  of dark chert, containing 8 3 . 8  % Si02• Three very 
th in layers of l ight-gray bentonit ic cia y observed or traced at 7 1  .03 m ,  
7 r .o8 m and 7 1 .42 m respectively. At the last leve! there a re  flakes of  
b iotite, and such flakes a l so  occur in the core  portions 69. 7 I -69. 7 3  m, 
69. 87-69.90 m and 70. 72-70 .7  5 m . Close above 7 1 . 5 0  m there are pien ty 
of striated sl ickensides and cone-like structures i n  the shale which is mixed 
with gray bentonitic material .  

Other fossils than ostracoda are fragmentary or  badly preserved. Steus­
lojfia eostala and Euprimitia !ocknensis are common and i n  addition th ere 
are found : Cftasmops cf. conicopfttfta!mus (Sars & Boeck), Ampyx sp . ,  Asa­
pitus s p . ,  Trinodus s p . ; Hap!oprimitia cf. kogermanni Öpik, TVincfte!!atia vario­
!aris, Eurycfulina suecica n .  s p . ; Botftocypris s p . ; Sowerbye!!a cf. quinquecostata 
(Sow . )  sp . ; C!imacograptus cf. kuckersianus Wiman , C!imacograptus sp .  (cf. 
p .  369) ,  ? Dendrograptus sp .  

7I-50-7I.8o m .  Bentonite ,  gray with a faint  greenish t in t .  Very small 
black grains or lumps of bituminiferous matter are scattered i n  the bed. 

7I.8o-7I.83 m .  Dark, hard and flinty shale or  mudstone .  
7I.83-7I.90 m. Gray bentonite with small flakes of biot i te and grains 

or lumps of bitumin iferous matter. 
7I.90-7I.95 m .  Dark, hard and flinty shale or mudstone ,  partly calca­

reous. 
7I.95-72.05 m .  Gray bentonite with numerous dark grains  or  small 

lumps of bituminiferous matter and flakes of biotite. 
72.05-72.25 m.  Dark-gray, bard and flinty shale or mudstone with 

a probably thin layer of gray benton i te at the 7 2 .  I 5 m leve! ,  containing 
flakes of  biotite . Reedo!itlzus carinatus (Ang . ) . "'' 

72.25-73.I5 m. The core sequence is very fragmentarily preserved , 
but seems to consist of bentonite beds with at !east one  intercalation , 5 cm 
thick, of dark flinty shale or  mudstone .  The bentonite above this layer is 
s imilar to that between 7 I . 8 3  and 7 I . 90 m ,  and the bentonite below i t recalls 
that between 7 1 .50 and 7 1 . 80 m. A thin layer of aragonite or calcite i n  the 
lower part of this core porti on .  

73-75-73-55 m. Argillaceous l imestone or  calcareous mudstone ,  dark o r  
dark-gray, hard, i n  the uppermost part almost flinty. At 73 . 20  m a very thin 
layer or  film of bentonit ic c lay in  which was found a small fragmentary 
proximal part of C!imacograptus s p . ; abundant smal l  flakes of biotite in  the 
l imestone close below. A very thin layer of gray bentonit ic clay also at 
7 3 -43 m .  

73-55-73-70 m. Greenish bentonite similar to that between 7 1 . 50 and 
7 1 . 80 m .  The uppermost portion of this layer is mixed with and grades 
i nto dark shaly matter, in which peculiar cone-structures and small cy­
l inders or cones of calcite with striated surfaces are present .  On harizontal 
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surfaces of  the dark shale there are also white flower-like prec1p1tations 
of calcite or  aragonite ,  each with a centre of  a very small black grain of 
bitumin iferous matter. 

73·70-73·90 m. Limestone or mudstone similar to that between 7 3 . I 5  
and 7 3 · 5 5  m .  Corynozdes sp . ; Primitia subovala n .  sp . , Euprimitia sp . ;  
Sowerbye!!a sp .  

73-90-74.I0 m .  Core portion fragmentary, mainly consisting of ben­
tonite, probably with an in terealatian of dark shale ,  about 2 cm th ick .  Above 
this layer grayish bentonite ri ch in b iotite, below i t  pale-green bentonite. 

74.I0-7445 111. Mainly dark, gray-spotted ,  hard , calcareous mud­
stone with a layer of  pale-green bentonite, less than I cm thick, at 74.20 m. 

Asaplzus cf. !udibundus Tqt, Remop!eurzdes cf. !atus Olin ,  Cybe!e sp . ,  and 
Sowerbyel!a sp .  

In  the lower part of  softer mudstone there are transverse slickensides, 
partly at !east, covered with a film of  calcite. I n  this part weil preserved spe­
cimens of  Dip!ograptus mo!estus n .  nom. and Primitia subovala n . sp. were found.  

7445-74.60 m .  Greenish dark-gray bentonite .  
74.60-74·72 m .  Dark, gray-spotted ,  bard ,  calcareous mudstone .  
74.72-74·75 m .  Pale-green bentonite. 
74-75-7530 m .  Dark-gray marly shale or calcareous mudstone ,  

m some parts with l ighter gray spots, w i th  th in layers of l ight-gray 
benton it ic clay at 74. 7 8  m, 74. 8 I m and 7 5 . I 4  m. At each of these levels 
the bentonit ic clay upwards grades into dark mudstone traversed by sl icken­
sides of varying length and w ith abundant small flakes of b iotite above the 
two upper levels. Robergia s p . ; Primz"tia subovala n. s p.; Sowerbye!!a c f. 
sericea var. resticta Hdg; C!imacograptus sp .  (cf. p .  369) .  

7530-7534 m. Dark-gray bentonite .  
75·34-78-58 m .  Dark-gray calcareous mudstone with scattered beds 

or lenses of almost compact l imestone .  T hin bentonite la  y ers at 76 . 7 I 
(-76. 7 3 )  m ,  7 7 - 40 m and 78 -42 m .  The uppermost bentonite layer is  
I -3 cm thick and dark-gray with a basal part which i s  l ighter, fain tly 
rust-coloured and barder. The layers at the other levels are very th in ,  each 
layer barely I cm th ick, and mainly simi lar to the above basal part. Slic k­
ensides are present closely above those layers, and the mudstone contains 
grayish spots closely above 78 -42  m.  - W  orm trails common , fossils sparse, 
fragmentary or badly preserved .  Asaplms sp . ,  Stygina /' sp . , Ni!eus ? sp . ,  
Ampy.x cf. costatus Ang. , Remop!eurides sp. ; U!ricltia 1·eticulata n .  sp . , 
Py.xi01z carinatus ( Hadding) , P. kinneku!!msis n .  sp . ; Nieoleila sp . ; Siro­
pitomma sp . ; C!imacograptus sp . , Dicd!ograptus sp .  

78s8-78.6I m .  Gray benton ite .  
78.6I-8I.O m .  Dark-gray calcareous mudstone with gray, almost 

compact, argillaceous l imeston e between 78 .69 and 78 . 8  I m ,  and 80-4 I and 
8o. 50 m.  W orm trails common (fig. I ) , fossils very sparse. Asaplzus s p . ,  
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Remopleurides s p .; Primitia subovala n .  sp . ; Stroplw111ena s p . ; Amplexo­
graptus sp .  

8I.o-8I.04 111. Gray bentonite with flakes of biotite . 
8I.04-84.6o nz. Dark-gray calcareous mudstone  with beds or/and lenses 

of gray , compact, argil laceous l imeston e below 8 3 .07 m .  At 8 1 . 7 2  m a 
layer, less than 0 . 5 cm thick, of l ight-gray bentonite ; flakes of biotite at 

Fig.  1. Horizontal core section at the leve! 80. 32 m .  Worm trai ls  in  darkish mudstone. 
Nat. size. 

82 . 76 m, 83 . 3 0  m, 8 3 . 3 5  m and 83 .90 m ,  at the latter level also glaucon ite. 
Worm trails common from the top downwards to 8 3 . 7 m .  Fossils sparse 
and mostly fragmentary : Lonchodomas ros/ratus (Sars) , Asaphus s p., Nileus 
armadi/lo Dalm . ; Primitia subovala n .  sp . ,  Euprimitia cf. locknensis, Steus­
lofjia aff. costata, Windte/latia aff. variolaris; Sowerbyella cf. quinquecostata 
(M' Coy), Sowerbyella s p . ; Climacograptus scltarenbergi Lapw. , Diee/lograptus 
s p . ,  Leptograptus? s p . ; Bolboporites. 

84.60-84.90 111. Darkish calcareous mudstone with lenses or layers 
of argillaceous l imestone .  Greenish iron oolites abundant ,  0 . 2- 1 . 5  mm i n  
1ength . Fragments of  trilobites a n d  columns o f  pelmatozoan stems observed . 

84.90-88.56 m .  Beds of gray and dark-gray more or less argillaceous 
l imestene inter

-
calated with mostly thin i rregular layers (or ! enses) of dark­

gray calcareous mudstone .  Flakes of biotite at 86 .0 m and between 86 . 1 4  
and 86 . r 6  m .  At 87 . 3 5  m a very th in layer, less than r m m  thick, of 
green is h gray benton i te with sparse small flakes of biotite ; slickensides 
traverse the core portion close above th is leve! .  
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Most of the fossils I isted bel o w occur in the mudstone layers : w orm 
trails fairly common in the l imestone below 86. 5 0  m ,  Remop!eurides sp . ,  
Te!ephus sp .  (cf. p .  362 ) ,  Ni!eus armadi/!o, Pseudasaphus sp . ,  Lonclwdomas 
rostratus, Sphaerocoryplte s p . ; Euprimitia c f. !ocknensis, Condwprimitia cf. 
to/Ii integra Öpik, Winche!!atia aff. vario!aris, Chilobo/bina dimorpha n. sp . ,  
Bromzde!!a coe!odesma (Öpik), Steus!ofjia aff. costata, Tallinnella dimorpha 
Öpik ; Sowerbye!!a sp. and some other small brachiopods ; Echi11ospht:l!rites 
sp . ; C!imacograptus scharenbergi, Dip!ograptus sp . ,  Orthograptus cf. ca!ca­
ratus var. acutus E. & W.,  Dicranograptus ramosus (Hall) . 

Lithology. 

The most striking feature of the Kullatorp core sequence compared with 
that of  known Chasmops Series i n  Central and Northern Sweden i s  the 
great content of  argillaceous material . Pure l imestone beds are almost 
absent, and the l imestone i s  mainly Concentrated in  two parts of the core, 
a lowermost one - below the 8 5 . 0 m leve! - and an upper one - be­
tween the levels 64 .05  m and 7 1 . 5 m -, the latter part i ncluding a central 
portion of intervening beds of altered volcanic materials, bentonite ,  together 
about 2 . 2  m thick. The sequence between these parts mainly consist of  
mudstone and sha le ,  more  or  less calcareous ,  w i th  very sparse interealatians 
of argil laceous l imestone. The uppermost three ruetres of this sequence ,  
however, conta in numerous benton i te beds together about I . 9  m thick ,  and 
in  the underlying part of i t  there are scattered thin bentonite layers . 

Among the beds of argillaceous material those of  bentonite hold a 
specific posit ion as they are more numerous and display greater th ickness 
i n  the Chasmops Series of Kinnekulle than elsewhere in  the Cambro-Si lur ian 
strata i n  Seandinavia and i n  the areas round  the Balt ic .  As pointed out 
above ,  however, the core sequence compris ing these beds i s  very incom­
plete owing to ci rcumstances connected with the boring and the bentonite 
beds themselves have suffered most. Thus the miss ing portions of the core 
have been assumed to have  consisted of  bentonite clay where such an 
interpretation has appeared reasonable. This reconstruction of the Kullatorp 
core section seerus to represent the main features of the actual sequence 
of the Kinnekulle Chasmops Series as i s  evident by a comparison with a 
min ed section at Mossen ,  a locality r . 2  km SE of Kullatorp . The Mossen 
section (fig. 2 )  was measured by Mr. H. RUDBERG in 1 94 5 , at that t ime 
Assistant Manager at the Hällekis Dept .  of the Seanian Cement Co. ,  and 
he  has kindly placed a drawing of i t  to my d isposal .  

As i s  seen in both of  these sections the th ickest and most closely set 
bentonite beds are Concentrated in two parts of the sequence,  separated 
from each other by beds of almost the same thickness . The upper part 
mainly includes three different beds, the lowermost one probably being the 
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th ickest Ordavieian bentonite bed ever observed. Apparently it  is a cam­
plex bed camposed of several layers of samewhat different composit ion ,  
as  i t  at d ifferent levels varies i n  colour and i n  the content of biotite ,  the 
latter being very frequent in  the lowermost and uppermost portions . The 
section at Mossen has re vealed the mode of occurrence of aragonite in th e 
upper part of th is bed (see p .  3 5 6) .  In the lo w er h alf of i t scattered though 
comparatively !arge lenses of  pyrite have been observed i n  a section  a t  
Hoppet, a place a bo  ut o. 5 km n ort h of Mossen . As  is seen a t  t hese locali­
t ies the two upper beds, of about equal thickness, are separated by a th in 
layer of argillaceous l imestone, the Kullatorp core being very incomplete 
in  the corresponding part of the sequence. 

A tentative earrelation between the part! y reconstructed sequence at 
Kullatorp and that measured at Mossen i s  shown in  fig.  3·  0. 5 m to 0 .88 m 
below the thickest bentonite bed at the latter locality there are two layers 
of l ight-gray bentonite .  At the corresponding levels of the Kullatorp core 
sequence the beds are rich in biotite, and no bentonite layer has been 
recognized. Thus ,  i t  seems reasonable to presume that some bentonite layers 
thin out to notb ing in a comparatively short distance and that their occur­
rence at one local ity may be  traced by the presence of biotite-bearing beds 
at another. In the above instance an interpretation of the presence of 
biotite flakes as a result  of redistribution from older deposits of bentonite 
seems unl ikely ; however, s u ch a presumptian might be valid i n  other cases. 

The bentonite clays of the Kinnekul le Chasmops Series have so far not 
been subj ected to a thorough examination as to their chemical and physical 
properties. What has been done in  this and other respects shows, however, 
that they should be campared to the Ordovician benton ites of Eastern 
North America, described by several authors ; for references see Fox and 
GRANT I 944· Further comments upon this subj ect will be publ ished when 
the investigation of the Swedish materials i s  more complete. A sample,  
taken at the 68 .90 m leve! of the Kullatorp core , has been analysed in  the 
laboratory of  the GeologicaJ Survey of Sweden (Table I ) . For comparison 
this table also contains  an analysis of bentonite from High Bridge, Kentucky. 
This analysis was publ ished by NELSON (I 9 22 ,  p. 6 1 4) ,  who states t hat the 
bentonite layer, at that place about 5 feet thick, occurs in the Middle 
Ordavieian Lowvil le formation . 

Table I. 

I. 2. 
Si02 . 5 5 -99 54 - 56 

Ti02 0. 1 4 
A I203 1 8 .7 5  1 9.97 
Fe203 0.76 o.69 
FeO . ! .85  1 .28 
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M nO 
CaO . 
M gO 
K20 . 
Na20 
H20 < 1 1 0° 

H 20 > Ilo0 

P205 
co2 
s . .  
F . .  

BaO . 

I. Bentoni te from the 68 .90 
A. M .  BYSTRÖM, analyst. 

111 leve l 

l. 

0.02 
2 . 30 
3-9 2 
2 -48 
o.o8 
6 .90 
6.o5 
0.05 
0.84 

n i l  
0 .02 

n i l  
1 00. 1 5  

of the K ullatorp care, 

2. 

1 .08 
5 .08 

4 o6 

!.66 
6.62 
5 - 32  
0. 1 5  

0. 1 3  

1 00.60 

Kinnekulle ,  
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Sweden ; 

2. Middle Ordavieian benton i te from High Bridge, Kentucky ; D. F. FAR RAR, 

analys t .  

Thin sections have been prepared from specimens of  several bentonite 
beds. Dr .  N. SUNDIUS ,  State Geologist of the Survey , has kindly examined 
som e of the sections ,  and writes as follows : 

» The  microscopical in vestigatians have been performed on four specimens 
taken from the 66 . 80 m ,  68 . 7 3  m, 68 . 80 m and 7 I  ·97 m levels .  The rela­
t ions are in the main similar in them all, so they can be treated together. 

The main part of the rock is  made up of  an int imately interwoven 
mass camposed of one mineral with moderate birefringence and with a 
refraction samewhat lower than that of quartz. In the mass it is possible 
to distinguish lath-shaped sections ,  which display the highest birefringence 
(up to about 0 .02 ) ,  broader lath-shaped sections with lower birefringence 
and voluminous indiv iduals, isotrop ic  or  with very low interference colours . 
In the lath-shaped sections r is parallel with the elongation . In convergent 
l ight the voluminous sections with low interference colours show the p icture 
of a n egative acute bisectri ce with small 2 V (about !0°-20°) .  These 
properties seem to agree with those of a montmoril lonite poor in iron . 

A fine pigment of non-transparent or brown transJucent grains ,  possibly 
a Fe- or Ti-compound ,  is scattered in the ciay-mineraL The latter may also 
contain minute sparse crystals or aggregates of a mineral with a h igh 
refraction and a fairly low birefringence. This mineral forms smal l ,  thick 
lamellae, idiomorphic and hexagonal with r parallel to the direction of the 
lamellae. A weak greenish colour can be distinguished .  The identification 
of  this m ineral is difficult. The refraction i s  h igher than in  kaolinite ,  and 
it does not agree with museavite or  ill ite. Possibly i t  i s  a member of the 
cftlorite group . In any case the quantity present is inconsiderable. 

In all the specimens studied sericite seems to be  rare and in  some 
instances i t  could not be found .  

25-46595. Bull. o j  Geol. Vol. XXXII. 
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In the groundmass described there are always quite considerable quan­
t i t ies of  ca!cite, evenly distributed as rather big indiv iduals, and further­
more fragments or phenocrysts of  biotite, quartz, potaslz- fe idspar and acces­
sory grains of apatite and zirkon, the latter two minerals generally as 
idiomorphic and often fairly coarse crystals .  In addit ion there are fragments 
of a very dense rock, which, j udging from its appearance and refraction, 
seems to be a devitrified quartz-porplzyry. 

The biotite generally forms comparatively coarse lamin;e of a deep 
brown colour, not  seldom with idiomorphic  hexagonal outl ines on one s ide, 
more seldom on all s ides of the lamin;e. Generally it is fresh , but some­
times the lamin;e are partly chlorit ized. 

On the whole the quartz occurs as small ,  spl intery grains but id iomorphic 
b ipyramidal crystals can also be seen . 

The feldspar, too, is generally fragmentary but thick tabular individuals 
after (or o) are also found ,  though more seldom . The parallel extinction to 
the cleavage (oro) , the low refraction (distinctly lower than that of canada­
balsam) and the low birefringence bespeak an orthoclase .  

Considerable interest attaches to the rock fragments present. They are  
too dense to  allow of a distinction of the m ineral constituents .  I t  is only 
possible to observe that they consist of low b i refringent minerals and some­
times there is observed a thin lath-shaped development of part of  the 
grains i n  the m ineral m ixture . The rough aspect o f  the surface, when the 
tube of the microscope i s  raised prompts the conclusion that it contains 
at !east two colourless m inerals , probably quartz and alkal i feldspar. In rare 
cases a micropoikil it ic development i s  indicated by small  quartz·sponges .  
The more highly refractive mineral has a refractive power s im ilar to that 
of quartz , which eauses the fragments to become visible with sharp bound­
aries when the tube of the microscope is raised . The rock fragments 
frequently have concave outl ines .  

The content of mineral and rock fragments in  the sl ides stuelied 
varies somewhat, but generally they are sparse .  Even when they are most 
abundant ,  they but rarely touch each other .  The quantity of rock fragments 
is about equal to the whole quantity of mineral fragments. 

No signs suggesting the earl ier presence of ash fragments are discern­
ible i n  the c iay-mineral mass .  If the original substratum from which the 
ciay-mineral originated was a tuff, the texture of  i t  must have been quite 
obl iterated . On  the other hand, the quartz-porphyry fragments would appear 
to be volcanic ash fragments in view of their frequently concave boundaries . 

The m ineral composition can only approximately be calculated from 
the analysis .  In  a thin section from the 68 . 80 leve! ,  qu i te neighbouring to 
that of the analysed specimen (68 .90) , the content of biotite and fragments 
of orthoclase, quartz and quartz-porphyry was estimated at about 5 ,  2-3, 
4 and r o  per cent each . This makes the mineral composit ion : 
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Quartz (single fragments and in quartz-porphyry) . 
Ortbodase . 
Biotite 
Calcite . . 
Apatite . .  
Bentonitic clay mineral . 

! 1 .0 

2 .) 
1 .9 
O. l 

77 · 4  

3 5 5 

In this calculation the inconsiderable chlorite-l ike mineral was omitted . 
When the oxides of the clay mineral (7 7-4 per cent) are calculated on 1 00, 
its composition will be as follows : 

Si02 so .8 
Al203 • 22.8 
Fe203 • 0.7 
Fe O 1 .6 
M g O  4·6 
Ca O 1 .6 
K�O 1 .4 
H 20 r6. 5 ., 

Most of the bentonite clays are gray, li ght-gray to darker gray, but some 
have a paJe-green or almost green colour .  The contrast with the »normal>> 
beds below and above, which generally are much darker, i s  always distinct. 
The clays are stiff, readily fissile ,  and sometimes display a conchoidal cleavage. 
They have a waxy » feel» and lustre. Samples of them , immersed into water, 
always expand, sometimes comparatively slowly but sometimes rapidly and 
to several times their original volume ; i n  the former case they disin tegrate 
into a fluffy aggregate, in the latter they crack completely and break down 
into a \'ery fine flour-l ike mass. In a few outcrops at Kinnekulle the cl ays 
have weathered into doughy masses, their colour has changed from gray or 
greenish to almost white or faintly yellow-brown.  

Owing to i ts  swelling property the bentonite clay material fills u p  fissures 
in the overlying strata and forms a campact bed, impermeable to water. As 
is seen at Kinnekulle and also in  the other plateau mountains of  the province 
V estergötland there are many springs in  the parts of  th e slopes where ben­
tonite layers crop out or  are h idden by thin coverings of loose deposits, 
most of the springs being located at the leve! of the uppermost clay beds 
of the Chasmops Series. In this connection i t is of interest to note that the 
most conspicuous plateau of Kinnekul l e  is stratigraph ically confined to that 
part of the Ordavieian sequence, which follows close below the Chasmops 
beds containing bentonite beds. 

The lower j unction of the bentonite layers with the normal beds is always 
clear and sharply defined . The conditions are usually similar at the upper 
j unction .  However, when a bentonite layer is covered with dark shale , the 
shaly matter is sometimes intermingled with bentonitic material at and closely 
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above the j unction .  This condit ion is probably due to slight movemcnts of 
the waters over the sea-floar and to the slow rate of settlement of the finest 
bentonitic material .  

The " normal >> beds below the benton i te clays are frequently very bard 
or fl inty ,  owing to their great content of silicious matter, and sometimes, 
e.g. above and below the thickest bentonite bed,  they are clearly cherty. 
This is a common feature of a bed underlying bentonite, and i t  is recorded 
from several occurrences of Palaeozoic bentonite in America .  According to 
WHITCOMB ( 1 93 2) >> the presence ,  in  the rock immediately adjacent to the 

Limestone 
B e n t o n i t e  Limestone 

Cher{y limestone 

Fig. 4· Diagram showing the occurrence of aragonite in the uppermost part of thickest ben­
tonite bed. M ossen. 

bentonite bed, of a zone in  which the lithology is distinctly different from 
the n ormal for the section » is one of the »methods wh ich may be used in  
attempting to establish the identity of bentonite beds >> . And under th is heading 
WHITC0!\1B writes (op .  cit . , p .  5 2 3 ) : » When such a lithologic change is observed 
it  may be of considerable value.  One of the most common variations which 
is found associated with bentonite beds is the presence of  chert in the under­
lying rock. The origin of  this chert or silicified zone is open to debate ,  but 
the most probable cause is that the silica was leached from the overlying  
ash and  redeposited in  t he  underlying rocks or unconsolidated sediments . >> 

Aragon ite forming th in ,  Iong ,  lense-like bodies ,  often samewhat curved , 
occurs in profuse quantities with in  the uppermost part of  the  thickest ben­
tonite bed (fig. 4) .  It  has been observed i n  the Kullatorp core and as weil 
in exposures on the eastern and western slopes of Kinnekulle. Apparently 
the lense-like bodies are secondary, due to redeposition of calc ium carbonate 
from the overlying calcareous beds in  connection with the silic ifying  of these 
beds. A similar occurrence of aragonite has been observed in a sample of 
Middle Ordavie ian bentonit ic day from Bornholm (THORSLUND 1 948) as weil 
as at several levels of the  Kullatorp core. 

No fossils have been found in  the benton ite beds, but on the basal surface 
or at the v ery base of such a bed there are often weil preserved tests, some­
times occurring in  abundance ,  indicating a sudden burial of th e testaceous 
animals. This suggestion is also supported by the fact that the valves of 
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the astracoda are often lying  i n  j uxtaposition ,  which is very seldom the case 
in  the rock below. 

sedimentation and Correlation. 

As regards the upper boundary, the Chasmops Series of the Kinnekulle 
sequence is clearly defined in th e core, as it  can be drawn in the topmost 
portion of the partly phosphatic limestone  bed above the black shale with 
Dicranograptus clingani, etc. The lithological conditions in  this portion are 
suggestive of  the existence of a break in the sedimentation  after the deposition 
of the Chasmops Series. This is also supported by the fact that the dark, 
bedded limestone ,  almost 5 m thick, at the base of the Tretaspis Series in 
southwestern Mösseberg (abt . 42 km SSW of Kinnekulle) is  quite missi ng 
in  Kinnekulle as  also i n  eastern Falbygden (cf. THORSLliND 1 940 , p .  I 24) .  

The  i nvestigation  of the Kullatorp core ha s  established the presence o f  
beds of late Chasmops age, i. e .  t h e  Upper Chasmops Series, i n  t h e  Kinnekulle 
sequence .  The occurrence of  Tretaspis ceriodes closely above the shale with 
Dicranograptus clingani corroborates the result gained by the present writer 
in Jemtland ,  that the zone of Dicranograptus clingani belongs to the Upper 
Chasmops Series . 

Although there is notbing in  the lithology of the core to support a 
suggestion of  a real break in  the sedimentation of the series investigated , 
there is ,  however, i n  th e writer 's  op in ion , evidence of changes of sea-leve! 
and of deposition in  shallow waters . This evidence is the intraformational 
limeston e  conglomerate, the lithol ogically distinct change, that i s  repeated 
in the three consecutive limestone  beds above the 6 5 . 7 5  m leve! ,  and possibly 
also the broken and fragmentary state of the fossils in the portion between 
64.05  and 65 -43 m .  

The earrelation of the Lower Chasmops Series with the graptolite zones 
of Diplograptus molestus and ilemagraptus gracilis, proposed by the writer 
i n  1 940 (p .  1 20), appears to be confirmed in  the core sequence . '  

No fossils found in  t h e  core appear t o  be useful for a earrelation with 
the zone of Amplexograptus vasae which in  Bornholm (HADDlNG 1 9 1 5 ) and 
in  Jemtland (THORSLUND 1 940) comes n ext below the Dicranograptus dingam 
zone .  Howevcr, some part of th e core sequence between the shale with Di­
cranogr. clingani and that with Diplogr. molestus is very Iikely a earrelative 
of  the Ampl. vasae zone ,  and, according to the writer ' s suggestion , this part 
follows above the 6 5 . 7 5  m leve! . Thus, the boundary between the Upper 
and Lower Chasmops Series may tentatively be  drawn at this leve!. 

The fossils obtained in the lower Ch asmops Series of the core are useful 
in attempting to establish the boundary between the portions of the sequence 

' Diplograptus molestus n .  nom. i s  a synonym of  A m  plexograptus rugosus ( H adding), 
as stated on page 370. 
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that earrespond to the zones of Nemagr. graci!is and Dip!ogr. mo!estus 
resp .  According to RADDING ( 1 9 1 3 , p .  68) Pyxion carinatus (Hadding) occurs 
in the zone of Nemagr. graci!is and the shale closely above this zone at 
Röstånga, Scan ia .  This species is restricted to a certain portion of the Kulla­
torp core.  Conseq uently, to j udge from the occurrence of this species ,  the 
boundary between the two above zones i s  very I ikely situated with i n  this 
port ion or  at !east in the beds adj acent to i t .  This view is supported by 
the fossi ls occurring  in the lower part of the core. As regards the graptolites , 
Dicranograptus ramosus (Hall) is a fai rly common species in the Nemagr. 
graci!is zone and it has never been recorded from beds above this zone in  
Sweden . C!imacograptus scharenbergi also occurs i n  that  zone,  bu t th is  species 
is of less stratigraphical importance as i t  h as a great vertical distribut ion .  
At Kinnekulle i t has a lso been found i n  boulders of flin ty l imestone ,  appar­
ently from the zone of Dip!ogr. mo!estus. The astracoda seem to be especially 
valuable for a earrelation with strata in  Estonia and Dalecarl ia .  Accordi ng 
to ÖPIK ( 1 93 7 ,  pp. 2 5 ,  44) Bromidella coe!odesma (= Uhal<ie!!a coe!odesma 
Ö pik) and Ta!!imze!!a dimorpha Öpik (cf. also ]AANUSSON 1 947 ,  p .  48 ) ,  which 
occur i n  typical specimens in  the lowermost part of the core, are in  Eston ia 
restricted to the Uhaku formation .  The latter species and Steus!offia aff. 
eostala (Linrs . )  have been recorded from the Flagkalk formation i n  Dalecarlia 
(JAANUSSON 1 947 ,  p. 46 ; see also this paper, p. 368) . '  The Uhaku has been 
considered equ ivalent in age, partly at !east, with the Nemagr. graci!is zone 

(TllORSLUND 1 940 ; cf. ]AANUSSON 1 947) ,  and the Flagkalk was correlated with 
this zone by TöRNQUIST ( 1 9 1  r ) i n  h is  paper on the graptolite species Dip!ogr. 
(Ha!!ograptus) mucronatus Hall var .  bimucronatus N ich .  and Dip!ogr. (G typto­
grap tus) teretiuscu!us (His . )  var .  from the Flagkalk in  the Lake S i lj an d istrict. 

Thus ,  the above statements in  vol ve substantial evidence for th e earrelation 
of a lower part of the Kullatorp core with the zone of 1Vemagraptus graci!is. 

The above account and the data given by JAANUSSON ( 1 94 5 )  i n  a paper 
on the Viru Series of Eston ia  2 are summ arized in  Table 2,  wbich presents 
a tentative earrelation between the graptolite shale succession and the shelly 
facies represented by the Chasmops Series of Dalecarli a and the Esthonian 

' The Flagkalk, bu i l t  up of bedded argi l laceous l imestone wi th  marly or sha ly  inter­
calations ,  consti ttltes the lowermost division of the Dalecarlian Chasmops Series (TÖRNQUIST 

r 883 ,  p. 1 9), and has recently been described as the zone of lllaenus crassicauda (Wahl.) 
by Mr. V. ]AANUSSON of Uppsala. In  my paper on the Cl1asmops Seri e s ,  etc. ( 1 940), the 
Flagkalk was not considered,  an oversight which I later became conscious of, and when 
I had an opportunity of  discuss ing the matter with Mr .  ]AANUSSON during my investigation 
o f  the Kullatorp core i n  1 945 ,  we found that our opinions on the age of  the Flagkalk 
were consistent .  

' According to  an oral communication by Ivir.  J AANTJ SSON the Maeronrus Limestone 
in Dalecarlia very I ikely includes strata corresponding in age to the Estonian Johvi and 
Keila formations.  
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GRAPTOLITE SUCCESS!ON 
Bornholm, scania 

Zone of JJicrarwgr. C!ingan:i., 

Table 2 .  

THE KULLA ­

TORP CORE 
SHELLY FA CIES 

Daleearfia Esthonia 1 

63.o-6't.os m Macrourus Limestone. Kel/a D2 
f----------------1 - - - - - -- - - - -?- - - -? - - - -J���- - YL -

" " .Ample.wgr. vasae 6't.os-65.75 " Lower Chasmops " Jdavere C3 
--t-----------1 - - - - - - - or 

Cystaideon <._ " " JJiplogr. molestus 'U S: 
() " Nemagr. gradlis '-.J " 

Kukruse CII 
f-------------j - - - - - - - - - - - - - - - - - - - - - - - - --

0'8 F!agka/k Uh k C 77.o-o, .56 " (Zone. of Jll.erassicazuia) a u le 
'-----'--------------' - - - - - - - - - - - - - - - - '-- - - - - - - - -

' The Lasnamäe ( = Tall inna) formation of the Estonian Vi r u series i s  not considered, as 
there are no faunistic data supporting  a suggestion that th is  formation has  correlative 
representatives i n  the Kullatorp core section ; according to ]AANUSSON 1 947 (p .  49) i t earre­
sponds to the Swedish Illamus sc/woeteri zone. Furthermore, strata corresponding to the 
Kei la  formation seem to be miss ing i n  Kinnekulle and i n  some other d is tr ie ls  as we! !  (cf. 
THORSLUND and WESTERGÅRD 1 938 ,  pp .  3 5 ,  36 ; THORSLUND 1 940, p. 1 24). 

Viru series .  As pointed out above, it has not been possible to defin itely 
determine the boundaries between the core portions corresponding to those 
of the graptolite zones, and it needs hardly be  added that it i s  not very 
I ikely that the grapto l i te  succession coi nc ides i n  details with that of the 
shelly facies , zone fossils of the latter probably overlapp ing in t ime those 
of the graptol i te  shales and vice versa. 

As far as can be read from a core dri l led at Norra Skagen ,  a locality 
about I .2 km ESE of Kullatorp , the lower boundary of the Chasmops series 
i s  not reached in the Kullatorp core. From the top downwards to 6.6 m 
the former core consists of sl ightly calcareous mudstone w i th indist inctly 
d efined lenses and layers of l imestone ,  these strata approximately correspond­
ing to those between the 78 .6  m and 8 5 . 2 m levels of  the Kullatorp core 
(fig. 5 ) .  This earrelation is also supported by some fossi ls ,  the occurrence of 
which in the Skagen core i s  g iven with remarks on the i r  d istr ibution below 
the to p, denoted as zero : Bromzdella coelodesma (Ö p ik) 8 .o6-8 .  I m,  Tallin­
nella dimorplza Öpik ,  8 . 5  s -9-9 m ,  CJulobolbina dimorplta n .  sp .  I 0 . 5- I 3 .  I 
m, Steusloffia aff. costata (Linrs . ) 3 . 6-2 3 . 5  m.  

Valuable ass istance for th i s  earrelat ion i s  also provided by the occurrence 
of  b iotite-beari ng  beds and bentonite layers . Thus, in the Skagen core the 
rock close a bov e the 5 .o  m leve! conta ins abundant flakes of biotite and a 
layer o f  paJe-green benton i te occurs at the 8 . 7  m leve! , the corresponding 
l evels of  the Kullatorp core being 8 3 . 3  m or 83 .9 m and 87 . 3 5  m respectively -

In the Skagen core there are small flakes of  b iotite i n  abundance between 
the I 9 -42 m and I 9 -4 5 m levels, but no bentonite layer has been observed 
below the 8 . 7  m leve! .  

The investigation of  the Skagen core w ill be treated i n  a subsequent paper 
and the following brief comments on that core merely serve to give an idea 
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of the thickness of  the Chasmops Series . ' Judging from the l i thology, no  
evidence of a break in  t h e  sedimentation  i s  observed unti l  the 26 . 5 6  m leve! 

f- Chasrnops sp. 

Prirnitia subo vata 

� Nileus arrnodil/o 

� {Brom,della coelodesrna Chasrnops sp. 

Tallinnella dirnorpha 
Steuslorfia arT. eostota 

� C!irnacogroptus schorenbergi 

Chilobo/bina dirnarpha 

Fig. s . D iagram of the uppermost por­
t ion of the core from N. S kagen, Kin·  

nekul le ,  including Chasmops beds .  

is reached . The core portion 6 . 5 m­
I 9.0 m mainly consists of  grayish ,  argi l­
laceous l imestone ,  with occasion al reddish 
portions ; i t is fine! y crystall ine or almost 
compact ,  with th in  partings or i rregular 
interealatians of shaly matter ,  dark-gray 
to greenish , sometimes marly. The l ime­
stone material forms beds, thin lenses 
or i rregular nodules .  Between the I 9 .0  m 
and 26 . 5 6  m levels t here i s  more sh al y 
matter than l imestone .  - The fossils are 
sparse ,  mostly valves of ostracoda .  Besides 
the above species the fol lowing ones af­
fording information of stratigraphical val­
ue  ma y be  mentioned : C hasmops s p .  o. 7 m, 
8 .  I m ,  Trinucleus cffoveolatus A ng.  1 9 . I 5 
m,  2 3 -4 5  m ,  Remopleurides cf. circularis 
Hadding 20.  I 5 m,  Ctenentoma cf. poly­
tropis (Öpik) 8 .  I m, 8 . 7  m, Ceratopsis 
aff. perpunctata prominens Ö pik 2 I .  I 5 m ,  
2 2 . 9 5  m ,  Glyptograptus teretiusculus (His . )  
var .  3 . 2 7-4.05  m , Glyptograptus cf. te­
retiusculus ( distal fragments) I 9 -45  m, 20 .6 
m, Climacograptus sclzarenbergi Lapw .  
3 . 2  m ,  4 · 5  m ,  I 1 . 3 3  m ,  2 2 . 8  m .  

The  occurrence of t he  above fossils 
m the Skagen core discloses that more 
than I 3 m of the uppermost part of th is 
core belongs to the Chasmops Ser ies .  
This would mean that the entire th ick­
ness of this series in  Kinnekulle may be 
estimated at 28-30 m at !east. However, 
further in vestigatians of the fossi ls eecur­
ring in the strata behveen the I 3 m and 
26 . 5 6  m levels of the Skagen core are 
needed to establish the lower boundary 
of  the series. The beds with Trinucleus 
cf. foveolatus, Remopleurides c f. circularis, 

' The Ordavieian part of the core has been carefully examined for fossi ls by Messrs . 
V. JAANUSSON and H .  M UTVEI of Uppsala ; the Cambrian sequence of i t  was described by 
WEsTERGARD i n  1 943. 
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Glyptograptus cf. teretiusculus, etc. very likely lie below that boundary and 
belong to the zon e of 11/aenus scltroeteri of the Asa p hus series. 1 It i s  evident, 
however, that some upper part of the series of limestone beds wh ich was 
formerly referred to that zone,  viz. the » Upper Gray Orthoceras Limestone » 
or the » Leversten » (Liver-stone) accord ing to Houvr ( 1 90 1 ,  p .  5 4) ,  in  reality 
belongs to the Lower Chasmops Series . 

The present investigation has disclosed that the Lower Chasmops Series 
i s  more complete in  Kinnekulle than in the autochthonous area of Jemtland ,  
a n d  very likely than i n  the Tvären area a s  well . I n  t h e  series of strata i n  
those areas the basal Chasmops beds consist of  conglomerates, usually 
followed by sandstone ,  occasionally by limestone .  At some localities in 
Jemtland the conglamerate contains fossi ls typical of the Lower Chasmops 
Limestone (TI-IORSLUND 1 940, pp. 67 , 68) .  It rests on rocks of varying age 
(pre-Cambrian , Cambrian and Ordovician ) ,  all of  them older than those of 
the Nemagraptus gracilis zone .  Consequently, representatives of this zone 
may be entirely missing, as suggested by ]AANUSSON ( 1 947 ,  p .  49) in the 
case of  the autochthon in  Jemtland .  However ,  this gap is more or less 
completely filled in  the overthrust sheets of the Jemtland area, where the 
Upper Ogygiocaris Shale belongs to the zone of JVemagraptus gracilis. 
Recent investigations have disclosed that the sandstone layers in this shale 
(cf. TI-IORSLUND 1 93 7 ,  pp .  9- 1 6) increase in a westerly direction within the 
area, and that the  Chasmops Series of the westernmost sheet ,  which holds 
Ordovician strata, is built up of  bedded graywacke and dark shales. 

Looking for Middle Ordovician strata in Great Britain corresponding to 
those of the Chasmops Series ,  we find them in the  Caradoc Series ,  accord ing 
to the classification of the Ordovician used in  th e practice of the British 
GeologicaJ Survey (PRINGLE and NEVILLE GEORGE 1 93 7 ,  pp. 24, 26)! The 
lower boundaries of these two series appear to coincide ,  being drawn at 
th e base of the zone of  Nemagraptus gracilis. As regards the upper bound­
ary, however, there are some d ifferences, as the Caradoc Series includes 
the zone of Pleurograptus linearis, which forms the basal zone of  the Upper 
Ordovician Tretaspis Series in Sweden . 

It is a well-known fact that the Ordovician period ,  especially the Middle 
Ordavieian epoch, included times of considerable volcanic activity in 

' The borings at Kullatorp and Skagen now enable u s  to estimate the  th iekness of 
the Ordavieian strata beneath the Tretaspis Ser ies  at  about  84 m ,  of whieh the Asaphus  
Series ( = »Orthoeeras Limestone>> )  i n  the  Skagen e o re takes up l e s s  t han 42 m ,  the  Lower 
Didymograptus Shale 12  m and the Ceratopyge Limestone 0.3 m (ef. WESTERGÅRD 

1 943 ,  p .  5 l ) .  

• The Caradoe Series apparently earresponds t o  t h e  subdivision Lower Bala in the 
classifieation proposed by O .  T. JONES ( 1 933). 
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vanous districts of Great Brita in .  Unti l recently no s 1gns of a s imilar acti­
vity have been traced in Sweden . Mainly owing to the i nvestigation of the 
Kinnekulle sequence in the Kullatorp core the occurrence of  benton ite layers 
were d iscovered in the Chasmops ser ies ,  and subsequently also in  the Upper 
Ordavieian and the S i lurian strata .  Thus, the Ordav ie ian volcan i c  activity 
is  traceable in Sweden in the same manner as in  eastern North America .  

The ben tonite layers o f  th e Swedish Cl1asmops Series mainly occur i n  
that part of the series whi ch l ies above t h e  zone of  JVemagraptus gracilis 
and below the zone of  Dirranograptus clingmzi. This occurrence impli es 
that the ch ief volcan i c  outbursts , y ield ing the materials o f  these layers , 

took place during t imes coincid ing w i th Caradocian periods of vulcanicity 
in  some d istricts i n  Wales, for instance Snowdon and Llanwrtyd .  

In Seandinavia qu i te  th ick rhyol i t ic tuffs of Caradocian age have been 
reported from the Trondhe im region (VOGT 1 945 ) .  

In the  Chasmops Seri es the  bentonite layers a r e  th icker and  more nu­
merous i n  Kinnekulle than i n  the  other  Cambro-S ilurian areas i n  Sweden ,  
where such layers have so far been observed (Östergötland, Gotland,  Scan ia ,  
Da lecarl i a  and the Bi l l ingen-Falbygden district of Vestergötland as  weil) _ 
This mode of d istribution seems to indi cate that the volcan i c  materials 
were derived from sources located nearer to Kinnekulle than to the other 
areas i n  Sweden,  and prompts a suggestion that the volcanoes were s i tu­
ated in  some easterly part of the North Sea.  

Description of Fossils. 

1 .  Trilobita. 

Telephus sp . Pl .  XXI, fig. 1 0. 

Remarks and Occurrence : On ly the figured, small cran id ium i s  available ,  
found at the 86. 50  m level .  It i s  too badly preserved to permi t  a doser 
comparison wi th any known species. Its most prominent feature i s  the stout 
spine ,  proj ecting almost straight backwards from the occipital ring, which 
i s  prolonged backwards in the m iddle. The glabella seems to be almost as 
wide at the base as it i s  Iong, and the test displays no  signs of ornamen­
tat ion .  It must be remembered , however, that the cran id ium i s  poorly 
p reserv ed. 

As to the development of  the occipital sp ine this species reminds of 
Telep/tus sp . ,  figured by HADDIKG ( 1 9 1 3 ,  Pl . 2, fig. 24), although there are 
d ifferences in other respects . 

Asaphus ? glabratus (Ang. ) . Pl . XXI, figs. 7 ,  8 .  
1 8 5 4  Ptychopyge glabrata ANGELIN  p .  5 4 ,  PI .  29,  figs. 3-3 a.  
1 906 >> OL I N  » 6o, » 2 ,  » 1 9-23 .  
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Remarks and Occurrence : Compressed fragments of this species have 
been obtained between the levels 65 .0 5  m and 65 . 20  m. The largest is the 
cephalon figured, somewhat distorted and very broken.  It closely agrees with 
the description and figures given by OLIN,  who expressed some doubts whether 
this species should belong to the gen us Ptyclwpyge or not .  In  the latter case 
it  should be included in  the genus Asaplms. One of  his reasons for the 
reference to Ptycltopyge is  that the free cheeks are prolonged to spines .  How­
ever, this feature does not seem to be of generic importance ,  s ince there are 
representatives of the genus  Asapfzus, e . g. A. femzicus Wiman , characterized 
by spine-hearing free cheeks. ANGELIN 's  d iagnosis of Pt. glabrata was bascd on 
the pygidium,  which ,  according to OLIN , appears to agree with that of Asapltus 
i n  ha ving a comparatively narrow doublure. The labrum ,  too, is of the same 
type as that of Asapfzus hut for the  obliqu e  macula: (cf. BRÖGGER I 886, p .  34) . 
If the  latter feature is not of  generic importance - which the author is inclined 
to think - this species should very Iikely be referred to the genus Asapltus. 

From the above it is evident that this species occurs at fairly high 
levels of the Chasmops series of the core, or  in  the part of it  that has 
been correlated with the Amplexograptus vasae zone .  Outside Vestergötl and 
i t has been recorded from Scania ,  where it seems to belong to the upper 
part of the Chasmops beds as weil .  T hus ,  according to FUNKQUIST ( I 9 1 9 , 
pp .  2 5 ,  27 )  it occurs at Tommarp fairly close below the Diemnograptus 
cliugani sha!e (FUNKQUIST 1 9 1 9 , p .  2 5 ) ,  and accordingly, above the  upper­
most layer of bentonitic clay at this locality, and from other places it has 
been recorded (OLIN 1 906) tagether with an association of  trilobites, which 
indicates that i t  appeared i n  a relatively late per iod of  the Chasmops age . 

Pharostoma sp .  PI .  XXI, figs .  4-6. 

Remarlr:s and Occurrence : The material available consists of an almost 
complete though compressed pygidium,  a fragmentary ,  badly preserved 
cran idium and two fragmentary free cheeks found between the levels 64. 24 m 
and 64. 29 m of the core. 

As far as can be seen from these parts , this small form is closely 
allicd to P!tarostoma niezkotoskii Fr. Schmidt (SCHMIDT 1 894, p .  29 ,  PI .  2 ,  
figs . 1 7- 1 8 ;  ÖPIK 1 93 7 ,  p .  2 2 ,  text-figs . 1 -3 ,  PI .  XV, fig. 4 ,  PI . XVI) 
hut owing to the poor state o f  preservation the  iden tification with that 
species is  not possible. 

The pygid ium seems to be about one and a half times as wide as Iong ; 
its axis, occupying about one third of its width , is composed of  5 well 
defined rings and a comparatively !arge terminal p iece not reach ing the 
posterior outline of th e pygidi um. Each s ide lobe of  the anterior edge has 
a pair of faceted half ribs, followed by 4 gently raised , flattened ribs, the 
two anterior ones with faint  interpleural furrows .  Test ornamented with 
tuberdes of somewhat varying sizes. 
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Cran idium broadly rounded in  front ,  with moderately raised anterior 
horder. Preglabellar field comparatively short, apparently samewhat less 
than one fourth the length of  glabella ,  which seems to be almost as wide 
at the base as it i s  Iong.  

Free cheek sub-triangular i n  outl ine, with the lateral border broad,  
round ed and rather strong! y raised a bov e the lateral furrow ; gena! spin e 
acutely pointed, i ts length being about one th ird that of the cheek. - Sur­
face of  test of free cheek and cran idium - except preglabellar field and 
furrows - ornamented wi th  fairly closely set  tubercles . 

Approximate dimensions : Pygidium : length 1 . 3 mm , width 2 . 0  mm ; 
glabel la : length 1 . 7 mm, width at base 1 .6 mm . 

Lonchodomas minutus n .  sp .  PI . XXI, figs . I a ,  b .  

Specijic characters : Cranidium small ,  slightly longer than  ha l f  the  width 
at base, sub-triangular, acutely po inted in  front .  Glabel l a  diamond-shaped,  
samewhat longer than wide ,  and with greatest width across middle ,  moder­
ately convex with greatest elevation along the middle I ine .  Base of glabella 
truncated , not pointed , and about half the width of the broadest part . Front 
end of  glabella freely proj ecting i n  front of  cheeks and furnished with a 
Iong, straight, harizontal spine ,  more than twice the len gth of  the glabella. 
Along the whole length of the spine runs a strongly marked keel both on 
its upper and lower side, thus giv ing the spine a cross-l ike section .  

Fixed cheeks sub-triangular, almost flat  hut rapidly s loping downwards 
anteriorly. Posterior marginal furrows shallow and rather wide with in ,  growing 
deeper hut decreasing i n  width lateral ly and ending close to the postero­
lateral angles of  the cran idium .  

Surface of test of  glabella and free cheeks very finely granulated. 
Dimensions : Cranidium : basal vvidth 2 . 7  mm, length to base of spine 

(about) 1 . 5  mm ; glabella : width at base 0. 5 mm and across middle J . I  mm. 
Length of spine (about) 3 - 4  mm. 

Remarks and Affinities : The glabella of the specimen figured , the on ly 
one found ,  is campressed and slightly d istorted in  front .  - As to the gen­
eral shape of  the cranidium this species displays quite a close resemblance 
to Loncftodomas portlockt· (Barr . )  and all ied species, hut differs from them 
al l  in having the fixed cheeks relatively much broader at base. The ap­
pearance of the sp ine with i ts cross-l ike sect ion is another distinguishing 
character .  

Occurrence : Black s hale ,  zon e of DicraJtograptus clingmzi, at a bo ut 
the 63 . 3 5  m leve! .  

Lonchodomas sp .  PI .  XXI, fig.  I I .  

Remarks and Occurrence : A small pygid ium found at the 6 5 .0 5  m leve! 
displays resemblance to that of Lonchodomas rostratus (Sars ; cf. ST0RMER 
I 940 , pp. I 2 8- I 30,  text-figs . 3 a-3 e ,  PI. 2, figs. 2, 4) , and i t  probably 
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belongs to a species allied to that species. It is sub-triangular in outl ine ,  
and about three and a half  times as wide as Iong ; axis  indistin ctly marked 
off from the side lobes in which there are three weil defined pleurae with 
faint  furrows in two pairs of  them at !east ; posterior border narrow ,  steep 
and faintly striated .  As the pygidium besides these features i s  very small , 
measuring 0 .6 mm in  length and 2 . 2  mm in breadth , it very Iikely belongs 
to a young adult . 

The ratio between breadth and length in  this pygidium is  much greater 
than in that of  (adult) specimens of  L. 1'0stratus i n  which there are only 
two furrows on each side lobe. 

»Odontopleura» sp .  PI . XXI , fig. 9· 

Remarks and Occurrence : The free cheek figured , found at the 64. 2 5  m 

leve! , is available. Only the posterior part of the test is preserved, mainly in 
the Iong s lender spine,  which is gently curved downwards at the end,  and 
in the Iong eye-stalk .  From the latter i t  is evident that the eye is si tuated 
far back, near the base of the glabella, and that i t  i s  h ighly elevated . -
No doser reference to some genus of the fami ly Odontopleuridae is possible .  

z .  Ostracoda. 

Primitia subovala n .  sp . PI. XX, fig. s .  

Specijic c!taracters : Valves almost one and a half times as Iong as high , 
highest in posterior part, b inge short ; greatest convexity i n  anterior part 
and thickest round the muscle spot, which is situated at the ventraJ extremity 
of the straight short sulcus ; undefined ridge-like swellings on both sides of 
the sulcus, the posterior one most elevated . Surface of  test very finely 
granulated. 

Dimensions : Length 1 . 3  mm, height 0 .9 mm, h inge Iine 0.7 mm. 
Occurrence : Common between the levels 7 3 . 8  m and 7 7 · 5 m .  

Primitia obesa n .  sp .  PI .  XX, figs. 6 ,  7 ·  

Specijic characters : Simi lar t o  Prinzitia subovata b u  t lacking real swell ings 
on  the sides of  the sulcus and with greatest height in the middle part of 
the valve .  Surface of test  smooth . 

Dimensions : Length 0 . 7  mm,  height 0 .6  mm, b inge I ine 0 . 5 5  mm. 
» 0 .7  5 » 0 .6  » » 0.6 

Occttrrence : In black s ha le ,  zon e of Dicranogr. clingani, between the 
levels 63 .08 m and 64.05  m. 

Ulrichia reliculata n. sp. PI .  XX, fig. I I a ,  b .  

Specijic characters : Ca  ra  pace moderately con v ex, almost twice a s  Iong 
as h igh ; ends rounded , the anterior outl in e samewhat more con v ex than 
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the posterior one, ventrat edge uniformly rounded. Sulcus, between two 
prominent nodes ,  successively deepening and decreasing in width towards 
dorsal edge. Anterior node rounded , posterior node larger, transversally 
raised in  dorso-anterior direction and slightly proj ecting over dorsal edge. 
Surface of test finely reticulated . 

Dimensions : Length 0 . 8  mm, height 0 -45  mm, greatest thickness o f  
carapace 0 -4  mm (across the posterior nodes) . 

Afjinities : This  species reminds of  Ulricltia morgani (Jones, I 890, p .  5 ,  
PI . IV, fig.  6) but differs from that i n  being comparatively longer and i n  
having the  nodes closer together .  

Occurrence : In marly shale at 76 . 7 3  m leve! ,  close below a th i n  layer 
of bentonite .  

Chilo bolbina dimorpha n. sp .  PI . XX, fig. 14 ,  Text-fig. 6 .  

Fig .  6 .  Diagram of a female valve of  Chilobolbina dimorjJha n .  sp . ,  to show the ex ­
tension of the brood-pouch. x 20. 

Specijic description : Like C!tilobolbma dentijera (Bonn . )  but without den­
t ic les on the edge of the sulcus, the posterior part of  which is raised into 
a small node ; false border or fri l l  narrower, and brood pouch of greater 
extens ion .  

Dimensions 

Length Hinge I ine Height Heigh t 
without fri l l  mm mm mm mm 

M ale 0 .8 o.6s o. s 0-4  
» r .  o 0.9 0. 7  0- 5 5  

1 . 3  I .05 o .8  o.6 s 
Female · l r .6 s 1 . 3  r .  o 0- 7 5  

Remarks : Although bad! y preserved i n  a l l  specimens obtained t he  test 
seems to be devoid of ornamentation but for the fri l l  which i s  finely stri­
ated radially. As in  Cft. dentffera the sulcus of  fertil ized females i s  some­
times much broader than in  valves of  males and unfertilized females, ind i­
cating a stronger development of the adductor muscle i n  females during 
the fertile period. 

Occurrence : Between the 86. 50  m and 88 . 50  m levels of the core . 
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Gen . Pyxion n .  gen . 

Diagnosis : O bion g valves with the marginal part al o ng  the free ed ge 
abruptly bent inwards, thickened and marked off by a more or less dis­
t inct furrow al l  round ;  posterior lobe elevated, conspicuous. 

Genotyp e: Primitia carinata Hadding.  
This genus reminds of Polyceratella or simple forms of Ceratopsis, e .g. 

C. haslata (BARR. ) , but for the absence of every kind of processes . 
Two species are so far known ,  Primitia carinata Hadding and Pyxion 

kinnekullensis n .  sp .  from the Middle Ordavi eian Chasmops Series of Sweden . 

Pyxion carinatus (HADDING) . P I .  XX, figs .  I -2 . 
1 9 1 3 Primitia carina/a HADDING p. 68,  PI .  V I ,  fig.  1 2 . 

Specijic descriptirm : Valves oblong, depressed convex, samewhat more 
than one and a half times as  Iong as h igh, h inge I ine straight ;  ends 
rounded , the posterior outl ine  more convex than the anterior and with an 
oblique swing backwards ; ventraJ s ide un iformly curved, forming an almost 
flat band, laterally thickened and raised into a ridge decreas ing in width 
towards the ends, the width i n  the middle part being about one th i rd the 
he ight of the  va lve .  Sulcus i n  posterior part runs obliquely backwards and 
downwards , shal low i n  dorsal half but becomes more dist inct  ventrally. 
Posterior lobe swollen i nto a ridge-l ike node sub-paraHel to posterior outl ine ; 
anterior lobe !arge, elevated i n  dorsal part .  Surface of test smooth . 

Dimmsions : Lengtl1 1 . 3  mm, b inge I ine  0 .9  mm, height 0. 8 5  mm. 

Remarks: Several valves of  th is  species were found i n  the Kullatorp 
core. They are not so weil preserved as the genotype on  which the above 
description is based , but agree in  al l  essentials with i t .  The main differ­
ence observed concerns the anterior lobe which in the core specimens is 
almost flat and not so strongly raised in the dorsal part as in the geno­
type .  Dimensions of the core specimen figured : length r -4  m m , h inge I ine 
I . o  mm, he ight 0 .8  5 mm. 

Occurrence : Between the levels 76 . 70 m and 7 8 . 20 m of the Kulla­
torp core. According to HADDING in the zone of Nemagraptus gracilis 
(Hall . ) and close above i t  at Röstånga, Scan ia .  

Pyxion kinnekullensis n .  sp . PI .  XX,  figs .  3 ,  4-
Diagnosis : Valves l ike those of  P. carinatus, bu t the marginal part 

Is broadly rounded laterally and marked off by a distinct furrow all round .  

Dimensions : Length I . 2  mm, h i nge I ine I . o  mm, he ight  0 .8  m m .  

» I . I  >> » 0. 8 >> " 0. 7 5  

Occurrmce: Found  in  the Kullatorp core between the levels 76 .70 m 
and 77 .0  m.  
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Winchellatia gunnari n. sp . PI. XX, figs. I 2, r 3 ·  

Specijic cltaracters : This species seems t o  combine characters o f  Win­
clzellatia variolaris (Bonn . ) and W. obliqua kuckersiana (Bonn . ) , but  dif'fers 
from both of  them in  h aving a very coarse granulation . The general shape, 
especially the outl ine ,  i s  that of the former, and l ike the latter there is a 
lateral spinous elevati on  on  the ventraJ h alf of  the valve.  

Dimensions : Length r.  r mm, binge I ine 0 .9 mm,  height 0.65 mm. 
Occurrence : In marly l imestone at the 6 5 .05  m leve! .  
Derivatio nominis :  After Professor GUNNAR SÄVE-SÖDERBERGH, promotor 

of the i nvestigations presented in this paper .  

Eurychilina suecica n.  sp .  PI . XX, figs . 8 ,  9 .  

Specijic description : Valves moderately convex, oblong, almost twice as 
Iong as h igh , ends fairly strongly convex i n  outline ,  subequally rounded. 
Sulcus moderately broad and deep, situated behind the middle of the valve,  
running perpendicularly to dorsal edge and reaching from i t  about half 
the height of the valv e ;  the posterior edge of sulcus s l ight ly more raised 
than the anterior. False border radiately striated,  p robably runn ing al l  round  
free margin .  - Surface of test smooth o r  very finely granulous. 

Di m ensi'ons : I .  2 .  

Length without border 1 .05 m m  1 . 2 mm 
H eight o. s s  O.] >> 
H eight wi th border O.] >> o.85  
H inge I ine o.S » l .  O >> 

Occurrence and Remarks : On ly the two valves figured have been found ,  
on  e at the 7 1 .03 m leve! , th e other  at the 7 I . 5 0  m leve! . N either of t hem 
seerus to have the border complete as  i t  is very Iikely broken away at  the 
anterior end of both valves .  The larger valve probably belongs to a female 
as the frill is i ncurved i n  the posterior ventraJ part. 

Steuslo{fia eosfata (Linrs. ) . PI . XX, fig. r o. 
For synonyms see THORSLUND 1 940, pp.  1 76-1 78 .  

Remarl.:s and Occurrence : This is a common species between the 64.05  m 
and 7 r. 5 m levels of the core , where excellent! y preserved specimens are 
found especially on  surfaces below bentonite layers . The characteristic 
features of these specimens are shown in the valve figured, and only small 
variation s in  the ornamentation have been observed. Thus, the bifurcation 
of the ribs below the median lobe is sometimes s ituated samewhat more 
ventrally, and the small node at the posterior angle is more or less pronounced. 

At about the 62.98 m leve! or in  the uppermost part of the l imestone 
bed at the top of the Chasmops seri es there are several specimens obtained 
as casts - both natural and interna! ones .  Very I ikely they belong to St. 
eostala but the state of preservation does not al low of a definite identification . 



ORDOVICIAN AND SILURIAN STRATA AT KINNEKULLE 

Below the 7 I .  5 m leve! of the core no specimen of Steuslo.ffia has been 
observed in a sequence of about eleven metres . Representatives of thi s  
genus are  again found at  8 2 . 80 m and be low 86. 30  m .  The valves obtained 
are not in a good state of preservation ,  however, as most of  them occur 
i n  shaly material and the ornamentation  is faint  and sometimes almost 
obl iterated . They are al l  of smaller size than the above specimens of St. 
costata, hut the relative sizes of length and height seem to be comparable 
with those of that species. As to the development and course of the ribs 
there seem to be very smal l  d ifferences - if  any - from those of the 
adult specimens of St. costata tigured by the present writer i n  1 940 ( in 
Plate 3 ) .  Generally, the b ifurcation of the concentr ic crest-like r ibs is  placed 
bel ow the median lobe or straight ventrally to it and never so far pos­
teriorly as in the specimens of St. costata between the levels 64.05  m and 
7 1 . 5  m. A partly testaceous and uneampressed valve at 8 2 . 80 m agrees 
with a specimen collected in " Flagkalk»  ( = zon e of Illaenus crassicauda) 
at Fj ecka, Dalarna, by Mr. V. ]AANUSSON, who has kindly lent  i t  to me 
for comparison .  In these specimens the  anterior dorsal r ib runn ing i n  a 
dorso-ventral d irection towards the median lobe has a considerable length , 
and i n  this respect they hear a close resemblance to the specimen of  St. 
eoslata tigured by me  i n  1 940, PI .  3 ,  tig. 6 .  However, they are much 
smaller and apparently also th icker. They very I ikely belong to a new 
species of  Steuslo.ffia, hut as the material available is too incomplete for 
a diagnosis, the specimens of Steuslo.ffi'a sp .  found at 8 2 . 80 m and below 
that leve! have provisionally been referred to Steuslojfia aff. costata. 

3 ·  Graptolithina. 

Climacograptus sp .  PI . XX, tig. I 5 . 

Remarks and Occurrence : A small specimen, 7 m m  in length and found 
at the 70 .2 5 m leve!  probably belongs to a new species, though the state 
of preservation does not allow a complete diagnosis .  The polypary is  char­
acterized by a very narrow proximal end, measuring 0. 5 mm in width , 
and a rapid widening unt i l  a maximum breadth of  I -4 m is attained with in  
4 mm.  Eight thecae i n  5 mm.  

A distal portion , about 1 . 3 mm Iong,  of  a polypary found at the 74. 78  m 
leve! possibly belongs to the same species, or at any rate to a closely 
related one ,  as the thecae are of s imi lar shape.  The latter specimen widens 
from 1 . 2 mm to 2.0 mm and there are I4 th ecae in IO mm.  

Diplograptus malestus n .  nom.  P I .  XXI, tigs. 2 ,  3 a ,  b .  
1 9 1 5 Ctimacograj;tus rugosus H ADDING ,  p .  1 9, P I .  X X ,  figs. 1 3- 1 8 . 

1 940 Amj;!e.rograj;tus rugosus (HADDING) THORSLU N D ,  p. 82 .  

26 -46595 . BuU. o f  Geol. Vol. XXXII. 
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Remarks : Th is species was described by HADDI N G  i n  I 9 I 5 on material 
from the Middle D icellograptus Shale of Scania and Bornholm , and was 
then referred to C!imarograptus rugosus, a species erected and briefly de­
scribed by TULLBERG ( I 88z ,  p .  1 9) but never figured by him . However ,  
th is reference was disputed by th e present writer in I 940, s ince specimens 
of C!. rugosus, label led by TULLBERG and thus very I ikely syntypes, were 
found kept i n  the collection s of the GeologicaJ Survey. I Studies on t hese 
specimens have proved that the thecae are of the C!imacograptus scltarcn­
bergi-type and m1mber I 3 - I 4  in I O  mm ; the polypary is fair ly wide 
i n  the proximal region and widens from I mm to attain its maximum 
breadth of I .8 m m  within 5 mm . This species is  very closely related to 
C!. sclwrmbcrgi Lapw. if i t  i s  not identical with that species .  

Cal l ing attent ion to HADDTNG's suggestion that the species under dis­
cussion might perhaps be referred to Amp!exograptus, BULMAN has recen tly 
( I 946, p. s o) pointed out that it most probably belongs to the genus Dip!o­
graptus s .  str . , and this opin ion is shared by the present writer .  As stated 
by BULMAN the specific name rugosus i s  preoccupied and therefore a new 
one must  be  proposecl .  

The material found  in  the  Kullatorp core consists of three specimens, 
two of which are a lmost complete though campressed and partly somewh at 
obl iquely com pressed . The length of the smallest specimen is I cm, the  
lon gest is  n early 2 cm .  The thecae number 1 4- I 6  in  IO  mm.  The poly­
pary gradually widens from 0.9 mm at the proximal end till th e maximum 
breadth of I ·3 mm is  attained .  On ly the apertural part of the sicula is  
v is ible and i t  i s  provieled with a s lender v i rgel la ,  about 0-4 mm Iong.  A 
sh ort sub-apertmal sp ine is associated w ith each of th I I and th I 2 • As 
far as can be observecl i n  some di stal portions of the !arge spec imens (PI . 
XXI, fig. 3 )  the existence of a median septum is very l i kely. A wiry v i r­
gula is seen almost th roughout the whole length of th e polypary and 
proj ects beyond the distal  extremity. 

Occurrmce : At the 74 -44 m leve! of the core. Accord ing to HADDJNG  

i n the  lowermost zone  of t he  Middle Dicel lograptus Shale  o f  Bornholm and 
S can i a .  

' According t o  TULLBERG ( 1 882 ,  p .  1 9 ; 1 883 ,  p .  24 1 )  Climacograj;tus rug-osus i s  asso­
ciated with a number of other graptol i te spec ie s , e .. [[. Dij;lo.[[r. foliaceus Murch. , LejJtog-r. 

flaccidus H all  and Dice/l(lg-r. morrisi Hopk. ,  wh i le  t he  newnamed species i s  on ly  found 
tagether wi th CliJJtaC(Igr. sdwrenbergi Lapw. (H ADDI NG 1 9 1 5 ,  pp .  3 5 ,  3 7). 
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List of Species described. 

These species have been found 10 the Ku llatorp care. Asaplms ? g! a- l Upper l Lower l 
bratus, Pyxion carinatus, and Diplograptus molestus als o occur in  Chasm. l Chasm. Page 
Scan ia as weil as Staulofjia costata, w h i ch has  a w ide distribution. j Series 

. 
Series l 

Telephus s p .  + 362 
Asa ph u s ?  g l abratus (Ang.) . + 362 
Pharostoma sp . .  + 363 
Lonchodomas minutus n .  s p .  + 364 
Loncl1 odomas sp . .  + 364 
Odontopleura s p.  + 365 
Pr imit ia  subovala n. sp . .  + 365 

" obesa n. s p. + 365 
U lrichia reti culata n. s p .  + 365 
Ch i lobolbi na dimorpha n. s p .  + 366 
Pyxion carinatus (H adding) + 367 

" kinnekul len s is  n .  s p .  + 367 
Winche l l atia gunnari  n .  s p.  + 368 l Eurychi l ina suecica n .  s p .  + 368 
S teusloffia eoslata ( Linrs . )  + 

l 
+ 368 

Cl imacogra p tus s p .  + 369 
Di p lograptus moJestus n. nom . . + 369 

R eferences. 

ANGELIN, N .  P . ,  1 8 54· Palaeontologi a Scandinavica, P .  I . Crustacea Formationis 
Transi t ion i s .  Holmiae .  

B RöGGER, W.  C . ,  I 8 8 6 .  Uber die Ansbildung des Hypostomes, e tc .  S .  G .  U .  
Ser .  C,  N :o  8 z .  Stockholm . 

BULMAN, O .  M .  B . ,  I 946 .  The Caradoc (Balclatchie) graptolites from I imestones 
in  Laggan Bu m, Ayrshi re . Part I I .  Palaeontogr. Soc . ,  1 94 5 .  

Fox , P .  P .  & G R A N T, L .  F . ,  J 944· Ordaviei an  bentonites in Tennessee and 
adjacent states . Journ . of Geol . Vol .  LII ,  No .  5 ·  

FuNKQU!ST, H . ,  J 9 I 9 ·  Asaphusregionens om fattn i ng  i sydöstra Skåne och på Born­
ho lm . Lunds Univ .  Årsskr . N .  F. Avd. z .  Bd I 6, N:o I .  

HADD !NG, A . ,  1 9  I 3 · Undre dicellograptusskiffern i Skåne, etc .  Lunds  U n iv .  Årsskr. 
N. F .  A fd .  2 .  Bd 9, N:o I 5 . 

-- r 9 1  5 ·  Der mittlere Dicel lograptus-Schiefer au f Bornholm . Ibid .  Bd I r ,  
N:o  4 ·  

HoLM, G .  och MuNTHE, H . ,  1 9 0 I .  Kinnekul l e .  S .  G .  U .  Ser . C ,  N :o  J 7 z .  
Stockholrn.  

JAANUSSON, V. ,  1 945 .  Uber die Stratigraphie der Viru- resp . Chasmops-Serie in 
E>tl and .  G .  F.  F .  Bd 6 7 . 

-- I 9 4  7 .  Zur Fauna und zur Korrelation der Kalkstein e mit  Illamus crassi­
cauda ( sog .  Flagka lk)  im Si ljan-Gebiet Dalarna s .  G .  F .  F. Bd 6 9 .  

JoNEs, O .  T . ,  1 9 33 . The Lower Paleozoic Rocks o f  Britai n .  Rept. I 6 th Int .  
Geol . Congress, Washington .  

JoNES, T.  R . ,  J s � o .  On sorne Pal aeozoi c Ostracoda from North America, Wales 
and lreland .  Quart . Journ . Geol .  Soc .  London.  Vol .  46 .  



3 7 2 PER THORSLUND 

LINNARSSON, G. ,  I 8 6 9 .  Om Vestergötlands cambriska och siluriska aftagringar. 
K .  Vet . Akad. Hand! . ,  Bd 8, N:o z .  Stockholm . 

NELSON, W. A . ,  I 9 2 2 .  Volcanic ash bed in the Ordavieian of Tennessee, Ken­
tucky, and Alabama .  Bul l .  Geol . Soc. Arne. Vol . 3 3 · 

0LTN,  E . ,  I 9 0 6 .  Om de chasmopskalken och trinucleusskiffern motsvarande bild­
ningarna i Skåne.  Lunds Univ. Årsskr . N .  F. Afd .  z,  Bd z .  

PRINGLE, J .  and NEVILLE GEORGE, T. ,  I 93 7 ·  south Wales . Geol .  Survey and 
Museum. London .  

Ross, C.  S . ,  I 9 2 8 .  Altered Paleozoic volcanic materials and  their recogmtwn . 
Bul l .  Arne.  Ass . Petroleum Geologists .  Vol .  XII, Pt 1 .  Oklahoma. 

ScHMIDT, FR. ,  I 8 94. Revision der Ostbaltischen Trilobiten . Abt. IV. St. Peters­
burg. Mem. Acad.  Imp. Sci. Ser. 7 ,  Torne 4 2 .  

SMITH, B .  and NEVILLE GEORGE, T. ,  I 93 5 ·  North Wales .  Geol . Survey and 
Museum. London .  

STORMER, L . ,  1 9 4 0 .  Early descriptions of  Norwegian Trilobites, etc .  Norsk Geol .  
Tidsskr . Bd z o .  

THORSLUND, P . ,  I 9 3 7 .  Kvartsiter, sandstenar och tektonik inom Sunneområdet 
i Jämtland . S. G. U. Ser. C, N:o 40 9 .  

and WEsTERGÅRD, A .  H . ,  I 93 8 .  Deep boring through the Cambro-Silurian 
at File Haidar, Gotland.  Ibid. N:o 4 I 5 . 

I 940 .  On the Chasmops Series of Jemtland and Södermanland (Tvären) .  
Ibid .  N :o  43 6 .  

I 94 5 ·  O m  bentonitlagren i Sveriges kambrosilur. G .  F .  F .  B d  6 7 .  
I 948 .  O m  ordovicisk bentonit p å  Bornholm . (With an English summary . )  
Medd . D ansk Geol . F oren. Bd I z .  

TuLLBERG, S .  A . ,  I 8 8 z .  Skånes graptoliter, I .  S .  G .  U .  Ser. C, N :o  s o .  Stockholm . 
I 8 83 . Uber die Schichten folge des Silurs in Schonen nebst einem Ver­
gleiche mit anderen gleichalterigen Bildungen.  Deutsch . Geol . Ges. Zeitschr .  
Bd 3 5 ·  Berlin . 

TöRNQUIST, Sv.  L. , I 8 83 . Öfversigt öfver bergbyggnaden inom siljansområdet i 
Dalarne, etc . S .  G. U .  Ser.  C, N :o  5 7 ·  

-- I 9 I I .  Graptolitologiska bidrag 3 · G .  F. F.  B d  3 3 · 

VoGT, TH. ,  1 94 5 .  The Geology o f  part of the Holanda-Horg district, a type 
area in the Trondheim region.  Norsk Geol . Tidsskr. Vol . 2 5 .  

WEsTERGÅRD, A .  H . ,  JoHANssoN , S .  och SuNDIUS, N . ,  I 9 43 · Beskrivning till 
kart bl .  Lidköping. S .  G .  U.  Ser. A a, N:o I 8 2 .  

WHITCOMB, L. ,  I 93 2 .  Correlation by Ordovician bentonite. Journ . of Geol . Vol . 
XL, No . 6 .  

Ö PIK, A. ,  I 93 7 .  Ostracoda from the Ordavieian Uhaku and Kukruse formations 
of  Estonia . Annales etc. of  the Nat . Soc. of Tartu Univ. XLIII ( I - z ) . 

I 93 7 ·  Trilobiten aus Estland . Acta et Comment. Univ. Tartuensis, A .  
XXXII, 3 · 



O R D OVICI AN AND S l l .URIAN STRATA AT K INNEKULLE 3 7 3 

Explanation of Plates. 

All  the specimens figured in  these plates except that of PI .  XX, fig. 2 ,  occur in  the 
Chasmops beds of the Kullatorp core and belong to the Museum of the  Paleontological 
Institute of Uppsala. (C .  LARSSON phot . ,  G. DJHL and P. THORSLUND ret . ) 

Plate XX. 
F igs.  I -2 .  Pyxion carinatus (Hadding). I a ,  b .  l\igh t valve in  lateral and ventraJ 

aspects .  2 .  G e n o t y p e in lateral vie w .  H.östånga, Sean i a .  Museum of the Min . -Geol .  
Inst .  of Lund.  

Figs .  3-4. Pyxion kinnekullensis n .  s p .  3 · H o l o t y p e .  4 · Slightly d is torled right val  ve .  
Fig. 5 ·  Primitia subovala n .  sp .  H o l o t y p e .  
F igs .  6-7. Primitia obesa n .  s p .  6. H o l o t y p e .  7 - R ight  val ve campressed and 

broken i n  anterior dorsal part .  
Figs. 8-9. Eurycltilina suecica n .  s p .  8 . H o l o t y p e .  9 . Broken left val ve ,  probably 

of a female.  

Fig. ro .  Steusloj/ia eoslata (Lin rs.) . Typical valve between 64 m and 7 1 . 5  m .  
Fig.  I I a ,  b .  U!ricltia re ticula/a n .  s p .  H o l o t y p e in lateral a n d  dorsal v iews .  
Figs .  1 2- 1 3 .  Wincltellatia gmmari n .  sp .  Right valves .  1 2 . H o l o t y p e .  1 3 . With 

badly preserved false border .  
Fig. J4 .  Clulobolbma dimorpha n .  sp .  Small right val ve of a male or unfertilized 

female.  H o l o t y p e. 

Fig.  I 5- Climacograptus s p .  From the 70.2 5 m leve!. 

Plate XXI. 
Fig. I a ,  b .  Lonchodomas minutus n .  s p .  H o l o t y p e without retoueh (a) and re­

touched (b). 
Figs. 2 - 3 . Diplograptus molestus n .  nom. 2. Small specimen obliquely campressed 

from the side .  3 a ,  b .  Two specimes in  different aspects. 
Figs .  4-6. Pharostoma sp .  4 a,  b .  Imperfect  cranid ium in  dorsal view and in east . 

5 · Mainly exfoliated free cheek. 6. Samewhat d istorled pygidium. 
Figs .  7 - 8 . Asaj;hus ? glabratus (Ang. ) .  7 · Campressed and broken cephalon.  8 . Im-

perfect pygidium. 
Fig.  9 . » Odontoj;leura» s p .  Free cheek, ma in ly  in east .  
Fig. 1 0. Telefiltus sp .  Badly preserved cranidium. 
F i g.  I I .  Lonehodom as s p .  Pygidium from the 65 .05 m leve! .  

Plate XXII. 
Fig. 1 .  Core portion between the levels 62 .96 m and 63.08 m.  - X 3/4• Explanation 

on p .  343 ·  
Fig. 2 .  Limestone bed  between the  levels 65 .43 m and  65 . 5 1 m of t he  Kullatorp core. 

- x 3/4 .  Explanation on p .  346 .  

F i g. 3 .  Conglomeratic l imestone from the suprabentoni t i c  U p per Cl1asmops Series 
of  the seetian at Mossen, Kinnekulle .  - X 3/4• 
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Abstract. 

Investigations of the Tretaspis Ser ies of Kinnekulle ,  Vestergötland ,  in  
the deep boring  at Kullatorp have disclosed that th is series, c .  2 7 . 8 5  m thick,  
is composed of five main l i thological  d ivisions ( in  ascend ing order) : Black 
Tretaspis Shale 6 -45  m, Green Tretaspis Shale 3 . 2 5  m, Masur Limestone 
about 1 . 2 m ,  Red Tretaspis Mudstone 1 4 . 3  m ,  and Grey or Top Sand­
stone 2 . 6 5  m .  

These div is ions were formerly regarded a s  belonging t o  the Tretaspis 
Series ,  except the Top Sandstone ,  which was then referred to the >> Brach io­
pod Shale >> ,  tagether with the  overly ing conglomeratic l imestone (of the 
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Dalmanit ina beds) . However ,  th is  sandstone grades from the underlying red 
mudstone and is  sharply bounded at top. Since i t  contains Dalmanitina 
mucronata i t  probably is a represen tati ve of the  Staurocephalus Zone ,  
wh i ch  constitutes the  topmost part of  the  Tretaspis Series elsewhere in  
Vestergötland .  

The graptolites obtained show that the Black Tretaspis Shale belongs 
to the zone of Pleurograptus linearis and Climacograptus styloideus , and 
that the lower boundary of  the Tretaspis Series must be  drawn in the 
uppermost part of an arg i l laceous, partly phosphatic l imestone bed i nter· 
calated in black shales .  As described by THORSLUND th is l imestone bed 
below the boundary contains  Tretaspis ceriodes (a zone fossil of th e Upper 
Chasmops Series) , while the underlying black shale, which was formerly 
referred to the Black Tretaspis Sh ale ,  accordingly belongs to the Ch asmops 
Series . [As pointed out by TIIORSLUND (above p. 3 5 7) ,  th is black shale con­
tai n s graptolites of  the zon e of Dicrallograptus clingani.] 

During the earlier t ime of the deposit ion of  the  Black Tretaspis Shale 
stagnant and quiet conditions probably prevai led .  The fou l  bottom waters 
excluded a benthon ic  fauna of any account. Later there were periodical 
alternations between venti lated and stagnant waters with a corresponding 
in vasion and retreat o f  the shel ly fauna,  as shown by the numerous eyeles 
of sediments and the i r  fossils . These condit ions Iasted also during the ear­
l i er time of the deposition of  the Green Tretaspis Shale ,  but later the 
stagnant conditions decreased. The Masur Limestone ind icates a quiet  and 
s l ightly stagnant period , when deposit ion of clastic mater ia l  was recess ive .  
At t imes the  sedimentation was negative owing to corrosion . Life seems 
to h ave been scarce. The mud of the Red Tretaspis Mudstone was proh­
ably deposited under oxidation environ ments, though green bands probably 
tel l  of  local reduction . The mud was probably deposited rather rapidly. 

and under quiet condit ions.  Two layers of bentonite found in  the upper ,  
unfossi l iferous part of the R ed Tretaspis Mudstone tel l ,  hovvever ,  of volcanic 
activ ity in  Ashgil l ian t ime .  The sparse and dwarfed fauna ,  as wei l  as the 
absence of  sessi le benthonic forms indicate that the waters were m uddy or 
contained a sal inity different from the normal .  The Top Sandstone is h ere 
interpreted as a regression sandstone .  

A new conodont and several new species o f  ostracods and brach iopods 
are described.  The species recorded from the Tretaspis Series of the core 
are I isted on pages. 

General Description. 

(For chemical tests see table I p .  3 8  I . ) 
63.0-62.85 m .  Dark and samewhat loose marlstone contammg shaly 

matter and scattered grains of  glauconite .  The marlston e is  rich in shel l  frag-
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ments and ostracod-valves ; Bromidella linnarssoni n .  sp . ,  Laccoprimitia 
nigra n .  sp . Conodont teeth (Drepanodus altipes n .  sp . ) are quite common . 

62 . 85-60. 85 m.  Black, b ituminous shale ,  finely laminated and dark 
when pulverized , - or dark-grey shale ,  not so finely lam inated and l ight­
grey when pulverized. Sometimes with speckles of a l ighter colour (see 
below) . Pyrite occurs as small concretions and as petrifying materi al in 
some fossi ls .  

Graptolites are regularly met with , mostly several together in  certain 
bedding planes. The fol lowing species have been observed : Dicellograptus 
johnstrupi HADDING, Viplograptus ( Orthograptus) cf. tnmcatus LAPWORTI-I , 
Diplol;-raptus ( Ortlwgraptus) quadrimucronatus (HALL) , Climacograptus cf. 
minimus (CARRUTHERS) ,  Climacograptus stylozdeus LAPWORTH (62 . 1 0 m ) and 
Leptograptus jlaccidus macer ELLES & WooD (6z . 6o m) . Of articulate brachio­
pods immature specimens of Sowerbyeila? cf. restrz'cta (HADDING) occur in  
great masses in  some bedding planes, and also immature specimens of a 
dalmanell id (perhaps ,, Ortlu'.l·,, argmtea HISINGER) is often met with . Inarti­
culate brach iopods occur abundantly : Hisingerella nitens (HISINGER) n. gen . ,  
Paterula cf. portlocki (GEINITZ) , a n d  others. Ostracods are common,  but are 
often difficult to determine owing to the campressed state of the val  ves. Lacco­
primitia nigra n .  sp .  is very common and Primilieila tenera (LINNARSSON) 
i s  qu ite usual . Trilobites are scarce .  A few fragments have been found of 
Capltyra cf. radians BARRANDE,  Lonchodomas sp . , and Tria1'tlzrus sp .  Other 
fossils are : Lepidocoleus suecicus MOBERG,  Drepanodus altipes n. sp. ,  Hyo­
litltus sp . ,  and undeterminable gastropods. 

6o. 8_s--s8. 8o m.  Grey, s l ightly marly mudstone ,  l ight grey when pul­
verized. Often fai ntly speckled due to the occurrence of sl ightly darker 
patches .  In thin sections one can see that th ese patches conta in small 
brown pigment-grains (o .o r mm and less) , more or less closely packed . 
There i s  no distinct lower or upper l i thological l imit  of this div is ion .  

Trilobites : Tretaspis seticornis seticornis (HISINGER) ,  Plullip.sineila cf. 
parabol<l (BARRANDE) , Trinodus cf. trinodus (SALTER) , Loncltodomas sp .  
Brach iopods : Paterula cf. portlocki (GEINITZ) , SowerbJ'ella ? cf. re.stricta 
(HADDIKG) .  Ostracods : Bromidella linnarssoni n .  sp . ,  Bijlabellum vestro­
gotlticum n .  sp . ,  Primiiiella tenera (LINNARSSON) , Kimze/.:ullea tlwrsbmdi 
n .  gen . & sp . ,  J{innekullea waenzi n .  gen.  & sp . ,  'Jonesina? modesta n .  sp .  
Plant-l ike or  worm-trail - l ike fossils subparallel to the  bedding planes are  
very common . 

s8. 8o-s6. 68 m.  Alternati ng  beds of dark, b ituminous shale and slightly 
marly, grey mudstone ,  with transit ional beds of  a peculiar, speckled shale 
(Swed ish : spräcklig .skiffer) , see p. 3 82 .  At two levels ,  5 7 . 30  and 5 7 .0 m, there 
is  a very li ght-coloured ,  somewhat bluish , friable shale ,  r ich in well-pre­
served, though very fragile ,  wh i te shel l  fragments, mostly from tri lobites. A 
few th in  bands, probably nodules, of a rather finely crystall ine l imestone 
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occur at different levels. Concretions of pyrite are not uncommon in the 
dark and speckled shales .  Th_e lower l imit  of th is div ision is  arbitrari ly 
drawn , the upper l imit  is  sharp . 

Some fossi ls ,  such as graptol ites , sponge-needles (?) and some o f  the 
i narticulate brachiapads only occur i n  the black and speckled beds ,  whi le  
others , such as Tretaspis, are only found  i n  the grey or speckled beds . 
Graptolites : Diplograptus ( Ortlzograptus) c f. truncatus LAPWORTH, Diplograp­
tus ( Ortlzograptus) tnmcatus pauperatus ELLES & Woon ( 5 7 . 6  m) ,  Climaco­
/:raptus cf. minimus (CARRUTHERS) , Diee/lograptus johnstrupi HADDJNG . 
Tri lob ites : Tretaspis seticonzis seticornis (HISINGER), Trinodus cf. trinodus 
(SA I,TER) .  Ostracods : Laccoprimitia nigra n .  sp . ,  Primiiiella tenera (LINNARS­
SON ) , Bromzdclla lilmarssoni n. sp . , Biflabellum vestrogothicum n. sp . ,  J(inne­
kullea zuaerni n. gen . & sp . ,  Kimzel.:ullea tlwrslzmdi n .  gen . & sp . ,  and others .  
Brachiopods : Hisingerella m"tms (HISINGER) n. gen . ,  Paterula cf. portlocki 
(GEINITZ) , Paterula cf. bohmtira BARRANDE, Sozuerbyella? cf. restricia (HAn­
DING) ,  and a small dalmanel l id .  O ther fossils are : Lepidocoleus succicus 
MOBERG,  Hyolz"tlzus sp . , gastropods, sponge-needles (?) . Plant-l ike or worm­
trai l - l ike fossils are very common . 

56. 68-56-55 m.  Dark bituminous marlstone with an gular si lt grains ,  
most ly of quartz .  The fossils are calcareous .  In th in seetian brown pig­
ment grains  are seen to occur abundantly i n  clusters i n  the rock ,  and in  
clusters or more  isolated i n  the calcite of the fossi ls .  At the  top  of the  
marlstone there is  a band of calcite ,  r mm th ick .  l3oth the lower and u pper 
boundary of this divis ion are sharp . 

The fossils consist of brach iopods , mostly i n  fragments ; Paterula cf. 
bolzemica HAlmANDE , a strophomenid and a dalmanell id .  

56-55-54. 65 m .  This  d iv is ion is s imi lar to that  below the marlstone ,  
except that  the grey material noted i n  the l atter here becomes Success ively 
more green i sh .  Thus the speckled rock is  here dark with grey-green speck­
les .  Here, too, there are a few th i n  bands of grey l imestone ,  probably 
concret ions .  

Poorly preserved graptol ites , impossible to determine ,  have been found 
i n  th is  d iv is ion .  Trilobi tes : Tretaspis seticornis seticornis (HISINGER) ,  7ret­
aspis gramdata var. ? (BARRANDE) (only at levels 5 5 - 5 5  and 5 5 . 20 m), Lonclw­
domas sp . ,  Phillipsine/la cf. parabola (BARRANDE) ,  Trinodus cf. trinodus 
(SALTER) ,  Pseudosplzaerexocluts s p .  Brachiopods : Sowerbyel!a? cf. restricia 
{HADDIN G) ,  Clzristiania sp . ,  a small dalmanel l id ,  and fragments of inarti­
culates .  Ostracods : Primiiiella tenera (LINNARSSON), Kinnelr:ullea tlwrsbmdi 
n .  gen . & sp . ,  J(innekullea waenzi n .  gen . & sp . , Bronudel/a limzarssoni 
n .  s p . ,  Bijlabe!lum vestrogothicum n .  s p . ,  and others. Other fossils are : 
Lepidocoleus suecicus MORERG and plant-l ike fossi ls .  

54. 65-5330 m .  Greenish grey mudstone with layers or (probably) 
-concretions of reddish and greenish grey l imestone .  The mudstone is some-
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t imes very r ich i n  leaf-th i n  fissure fill ings o f  calcite ,  mostly subparallel to the  
bedding, but a lso vertical to these .  The fossils are  invariably covered by 
such calcite films. There is no sharp lower l i thological l imit of th is divi sion . 
The core was i n complete at the upper l imit .  

This div is ion is  rather poor in  fossils , and owing to their state of  
preservat ion they are  difficult  to determine .  Tretaspis seticornis seticornis 
{HISINGER) and Primitiella tenera (LINN ARSSON ) have been noted . 

5330-52.IO m. A grey to dark grey dense l imestone ,  i rregularly 
in tersected by fissures filled with calcite . (So-called Masur' l imestone . ) The 
fissures were probably formed by contraction , as they do not seem to 
penetrate i nto the under- or overlying  rock. Fin ely crystal l ine pyrite is  not  
uncommon . The lower part  of the  l imestone conta ins argil laceous partin gs , 
l ikewise the uppermost part .  The l imestone seems to consist of beds parted 
by irregular (corrosion ?) surfaces . Unfortunately this divis ion of  the  core 
was very crumbled. Hence the exact th ickness of the l imestone cannot be 
stated . Th is  is  the more to be pit ied , as there are no out-crops of  th is  
l imestone at Kinnekulle .  It was known h ere only from boulders . 

No macrofossils h ave been found in  this l imestone ,  but  in  a th in  seetian 
a few microfossi ls (not determined ) were observed .  

52 . Io--J?. 8o m.  Brownish red , sometimes (greyish-) green mudstone ,  
more or less marly and containing a certain amount  of angular  s i l t  gra ins 
(� 0.05  mm ) , mostly of quartz. The mudstone is strikingly uniform through­
out the whole of this division. Lim estone does not  occur, but here and 
there are thin bands (probably fissure fil l ings) of  calcite, one or a few mm 
th ick .  Leaf-th i n  fissure fil l i ngs of calcite , mostly subparallel to the bedd ing ,  
are not  unusual .  

This  divis ion begins as green mudstone ,  with a fairly sharp boundary 
against the underlying l imestone, the first red mudstone  occurri ng  at leve! 
5 r . go m.  This is ,  h owever, only a ro cm th ick band,  b ut after 20 cm of 
green mudstone the  red mudstone is dominant throughout this divis ion . Up 
to leve! 44. 2  m ,  which is  the  u pper l imi t  of the fossil i ferous part ,  only two 
green bands , 5 and r o  cm thick ,  occur .  In the upper ,  unfossi l i ferous part 
there are about 1 2  green bands. Two of  them contain a th in  bed of benton ite . 

The bentonite ,  occurrin g at levels 42 .0  and  3 8 . 60 m ,  was crumbled by 
the boring ,  so that the exact th ickness of the bentonite beds cannot be stated , 
though each of them is probably only 2-3 cm. The  green mudstone has a 
g reater th ickness below th e benton i te t han above i t, I 2 cm : 4 cm and 5 
cm : I cm respect ively.  Belovv the bentonite at 42 .0  m there are several I --2 
cm th ick bands of a matter wh ich  was first suspected to be aragonite ,  but 

' !11asur l imestone i s  a name which was given by TöRNQUIST ( r 883) to a l imestone­
bed below the 13 lack Tretaspis Shale in  Dalarne. The name refers to the  characterist ic 
veined appearance of th is  l imestone.  As  proposed by THORSLUND ( 1 943 p .  6 footnote 6) 
Masur l imestone now elenates only a certain l imestone facies (See e .g-. W l MAN 1 906 p .  1 28). 
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which W. MEIGEN ' s test showed to be calcite . The bentonite h as a dist inct 
violet colour .  In th in  sect ions the  bentonite is  seen as a greyish substance 
fu l l  of small opaque particles and b iotite gra ins ,  while other mineral grains 
are scarce. A samewhat curved and l ineate structure may perhaps be  inter­
preted as glass rel ict structure .  The bentonite shows the characteristic swel l ing 
in water. 

F o s s i l s . The upper part (44 .20-3 7 . 80 m) of this division is without  
fossils .  In the lower part  fossils are  common . Trilob ites : Tretaspis seticonzis 
seticonzis (HISINGER) (only below leve! 50 .60 m) , Tretaspis gramtlata bucklmzdi 
(BARRANDE) (on! y above level 47 · 7 5  m ) , Cybele verrucosa DAL':YIAK, LoncJtodomas 
tetragomts (ANGELIN) ; Illamus megalopJttJtalmus (LINNARSSON) ,  Trinodus cf. 
trinodus (SAL TER) ,  Diomde euglypta (ANGELIN). Ostracods : Primiiiella tmera 
(LINNARSSON),  Bromidella linnarssoni n .  sp . , Bijlabellum vestrogot/zicmn n .  sp .  
(only be low 50 .30 m ) , Kimzekullea t/zorslzmdi n .  gen . & sp . ,  Kinnekullea 
waenzi n .  gen . & sp .  (only below 50 . 30  m ) , Laccoprimitia? binodosa n .  sp . 
(on! y above 46. 2 m ) , and others. Brach iapads : CJzristicmia s p .  (on ly below 
50 .60 m ) , Sowerbyella? rosettana n .  sp .  (only above 50 .60 m ) , a tiny dalmanell id 
( r --2 mm) , and a few others .  Plant- l ike or worm-trai l - l ike fossils are common 
in  some horizons.  

37. 80-35.I5 m .  The lower boundary of  this division i s  arbitrarily drawn .  
The division begins as a s l ightly marly and  sli ghtly si lty grey ish green mud ­
stone and ends a s  a grey, s l ightly brownish ,  marly coarse s i ltstone  or very 
fin e sandstone ,  the angular grains of the latter mostly having a diameter 
of 0.05 -o. 10 mm. The transiti on i s  gradual ,  both with respect to the colou r 
of the rock and to th e s ize and amount of th e grai ns .  The grains mostly 
consist of quartz, but also mica and oth er minerals are present .  The upper 
part of this divis ion is  r ich in  brach iopods ; the petrifying material is calcite .  
Small brown pigment grains often occu r in clusters elsewh ere in  the  rock. 
Bands of l imestone occur ,  one being rich in  plant- l ike remains .  

Though the core i s  r ich in  brach iopods , more m aterial t han is obtainable 
from it  must be collected to allow a reliable determination and description .  
Mr. V .  ]AANUSSON has kindly Jooked through the material and made the 
following preli minary determination : Dalmanella cf. testudinaria (D ALMAN) ,  
Himlella ? casszdae (DALlVIAN) , Cliftonia ( Oxoplecia) sp . ,  Schizormnma sp . ,  
JJolerortJzis sp . ,  and  oth ers. Of other fossils , excluding the  plant-l ike remains 
i n  the lower h alf of this division , only Dalmanitina mucronata (BRONGNIART) 
and poorly preserved ostracods have been found .  

In the following the divis ion 63 .oo-s6. 5 5  m wi l l  be referred to  as  th e 
Black Tretaspis Shale ,  5 6 . 5 5 - 5 3 . 30 m as the Green Tretaspis Shale ,  5 3 · 3o-
5 2 . r o  m as the Masur Limestone ,  5 2 . I 0-3 7 . 80 m as the Red Tretaspis 
Mudstone ,  and last !  y the d iv is ion 3 7 . 80-3 5 .  r 5 m as the Grey or Top Sand­
stone .  It should be  kept in  mind that these divisions are l ithological divisions.  
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Table l. 

l ! Lithological Character of l Sample l 
l i l 

l . l Grey sandstone 
Greyish siltstone . 
Greyish green mudstone 

l ------- - - --
Red mudstone . 
Red mudstone . 
Green mudstone 
Red mudstone . 
Red mudstone . • l l 
Grey l imestone 

l 

· l --- -
Green mudstone 
Limestone, nodule 

l __ --- -- - - ------J Dark marlstone . . . . . 
Speckled} Grey substance . 

sh ale Mostly dark subst .  
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Lithological and Faunistic Problems. 
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Several interesting problems are  connected wi th  the lithology of the ma in  
types of  sedimentary rocks found i n  the  Tretaspis Series i n  the core, viz. 
the alternating beds of dark shale ,  speckled shale and grey mudstone ,  the 
Masur l imestone  and the red and green mudstone .  A few more facts wil l 
be  given here that may help to throw some l ight upon these problems. 

The Speckled Shale. 

The speckled shale of  the core normally occurs between beds of black 
shale and grey or  grey-green mudstone .  The following cycle is often repeated 
in the Black and Green Tretaspis Shales in the core : Black s hale - speckled 
shale - grey or grey-green mudstone - speckled shale - black shale. In 
order to obtain a better understanding of the speckled shale, the adj oin ing 
beds wi l l  here be described more in  detai l .  

It is now generally assumed that black graptolite shales indicate a h igh 
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degree of stagnation m the sea, at !east near the bottom, at the t ime of 
their deposit ion . (See e.g. K. MONSTER STR0M 1 936 . )  That th e black shales 
of the Tretaspis Series in the  core tel l of fou l  water condit ions i s  supported 
by the f act that they often contain great masses of immature brach iopods , 
as weil as horizons full of graptol ites at different astogenetic stages , indi cati ng  
catastrophic  death . Probably bo th  the  young  brachiopods and  the  grapto l i tes 
l ived in the oxygen-bear ing surface waters and perished when fou l  waters 
were l i fted to the surface (See P. D. TRASK 1 939  p. 99) . In th is Connection 
i t  should be emphasized that the fauna  o f  the dark shales in  the core i s  
main ly planktonic  or pseudo-plankton i c  (cf. R UEDEMANN 1 934) , with grapto­
l ites, i narticulate brach iopods, immature articulate brach iopods and ostracods. 

The grey or grey-green mudstone does not show such accu mulations of 
fossils as the black shale .  though fossils are not u ncommon .  In contrast to 
the black shale trilobites are rather numerous ,  and grapto l i tes are absent .  
Both sediments have in common th e lack of sessi le benthonic  forms. W h i le  
pyrite concretions are common in the black shales , they are never found  in 
the grey or grey-green mudstone .  Table II (p .  3 84) furn ishes fu rther data for 
a comparison between the black shales and the grey mudstones .  The per­
centages of  organic matter and of sulphur are lower in the grey mudstone 
than i n  the black sh ales, and  the percentage of carbonate is  h igher .  These 
facts abou t the fauna  an d chemical  condit ions of the grey and grey-green 
mudstones seem to show that they were deposited under more ventilated 
cond i tions than  th e black shales. 

As stated by J. E .  MARR ( 1 929 p .  1 87) th e black graptolite shales are 
p igmented by finely d issemin ated iron sulphide ,  and partly by carbon . The 
degree of stagnation wh ich may be i l lustrated by the percentage of su lphur 
and organ ic  matter i s  thus a lso expressed by the colour of the sed iment .  
The analysis seems to show that th ere is  too l i ttle i ron i n  the black shale 
i n  th e core to al low of all the sulphur  to occur as ferrous sulphide .  The 
rest of the sulphur probably occurs i n  sulphates, in organic compounds ,  or 
possibly even as free su lphur .  

The speckled shale (Swedish : spräcklig skiffer) i s  a dark shale  with grey 
or grey-green lumps.  The lumps h ave the ir  greatest extension subparal lel 
to the bedding planes .  They have the form of small !enses ,  flat wormlike 
bodies and short, flat twigs. Their length varies from less than I mm to a 
few cm. The difference i n  colour between the dark and the grey substances 
may be more or less pronounced .  The grey spots show, however, always 
a sharp out l ine against the darker surround ing ,  even under the microscope ,  
and the outl ine  is  usually more or less convex. No traces of disparity i n  
t h e  mechan ical composit ion of t h e  grey and  dark substance are seen macro­
scopically, but in th in  sections i t  is seen that the dark rock , in contrast 
to the grey one, contains small , dark brown pigment grai ns ,  more or less 
closely packed. When most closely packed, the grains cannot be dist in-
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guished from one another, and in  th is case the dark areas appear to be black, 
both macro- and microscopically. These dark grains possibly consist of a 
bituminous substance ,  and in  agrcement with this chemical analyses show 
that the dark rock contains 2-3 t imes as much organic matter as the grey 
rock (Table II p. 3 84) . 

Fol lowing the core, upwards or downwards ,  from a bed of dark shale,  
one wi l l  d iscern that small isolated, grey lumps soon appear in the  dark 
shale .  These then become larger and l i e  closer and closer together ,  g iv ing 
the rock qu i te  an unusual speckled appearance. The lumps next becorne  
more or less connected with each other ,  and grey gradually becomcs the 
dominati ng  colour .  Then the dark substance wi l l  on ly form thin contours 
of  the grey lumps ,  and lastly the  rock will consist of a homogenous ,  grey 
mudstone .  The d istance from one bed of non-speckled dark shale to the 
next usually varies from ro to 30 cm . It is ,  however ,  not always that  the 
dark shale is  devel oped free from grey lumps,  j ust as the grey mudstone 
is not always qu ite without  dark substan ce (Plate XXIII) . 

The fauna  i n  the speckled shale is a mixture of that found  in  the  black 
shale and that seen in  the grey mudstone .  As in the black shale pyr i t ic  
concret ions occur ,  an d a fair! y !arge on e i s  shown on Plate XXIII, fig .  r .  

From the above i t thus seems as i f  t h e  sedim ents now found  as speckled 
shales were deposited when conditions, at !east near the bottom , vvere alteri n g  
from stagnan t to venti lated condit ions o r  vice versa. It i s  noteworthy ,  too , 
that the  core d iv is ion contai n ing the  eyeles with speckled shale as a whole 
occurs above black graptolite shales and below grey-green mudstone .  

The fossils i n  the  speckled sha le ,  as  wei l as  i n  the  adj o in i ng  beds ,  are 
more or less flattened,  most so in the darkest beds. l t  is  probably owing 
to the i r  greater content of organ i c  matter that the  dark m uds have been 
most compressed. The flattened character of the  grey lumps is  probably not 
primary, but  due to the  same compression , which has been eaused by the  
weight  of t h e  overlying beds. Accord i ng  t o  ATI-IV ( 1 929) there i s  a compaction 
in p ure shales of roughly 2 5 %  at a depth of 1 000 ft. and as much as 45 % 
at 5000 ft . The core section with the pyri t ic  concretion (Plate XXIII) is 
of special in terest, as i t  seems to show how the compression has eaused the 
bedding planes to bend around  the concret ion (which probably has been very 
l i ttle compressed) ,  so that the grey lumps have been stretched ou t into thin , 
film-l ike bodies .  Another possible explan ation is that the pyri t i c  concretion 
has pushed away the surmund ing sed iments by its growth . One would 
then ,  however ,  have expected to fincl a disturbance also at the sides of 
the concretion .  

I t  seems most reasonable t o  be l ieve the  speckles t o  be  of a pr imary 
character .  It w i l l  not, however, be  d iscussed here how the speckled 
character may have developed . 

Speckled shale is common i n  the Staurocephalus Zone elsewhere i n  
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Vestergötland .  KING ( 1 92 3  p. 49 5 )  mentions a speckled zone from the 
Pltil!ipsinella Beds of the  Berwyn Hil ls .  He states that the beds of  
normal pasty grey-green mudstone become ful l  of  speeks and blotches oi 
dark-blue  mudstone ,  and th at this type of l ithology has been found in the 
lower port ions of the Ashgil l ian throughout the area on the East around 
Llanfyll in .  

A modern sediment showing some resemblance to th is  rock is described 
by GRIPENBERG ( 1 9 34 p. 9 5 ) .  Here, however, the lumps are black, some­
times greenish or  bluish , and the surmunding substance grey. Th is  rever­
sion of th e colours is sometimes seen also in  the core. (See middle part 
of  fig. 2, Plate XXIII . )  

The rhythmic alternation between stagnant and ven tilated conditions is 
perhaps only a local phenomenon , as the speckled shale does not seem 
to be common in  corresponding layers outside Kinnekulle , where the black 
shales seem to dominate. One might think of  a basin where renewal and 
aeration of water at  t imes could cause more ventilated conditions.  Con­
s ider ing that the fou l  water probably was overlaid by a layer of ventilated 
water, as indicated by the rich planetonic fauna ,  another possible explana­
tion is that here the (somewhat oscillating ) boundary between the two 
layers of water lay near to the bottom. 

It would be of  interest to know how persistent the beds of black shale ,  
speckled shale ,  and grey mudstone are horizontally. Owing to lack of 
exposures of these layers at Kinnekulle, this is unfortunately not known . 

' l 

i 
i l l 
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i 
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l 
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Lithological Character i Leve l 
of Sample m 

: l 
Grey mudstone . 59 - 5 
Specklecl} Grey substance . . 5 7 . I 

shale Mostly dark subst .  5 7 - I 
Black s hale 62 . 5  

Analyst J .  LUKINS .  

' Di lutecl H Cl used for this test . 

Lithological Character 
of Sample 

Red muclstone at 39-95 m . 
Green mudstone at 39.90 m 

Analyst J .  LUKINS .  

Table II. 
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l % Fe 

total 

. l  

. l 
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The Tretaspis Limestone . 

The Tretaspis Limestone ,  developed as campact Masur' l imestone, and 
its rather sudden appearance and disappearance const itute another series 
of problems. 

The l imestone is  fairly pure (go % CaC03) and free from any coarse 
clastic material , thus indicat ing a deposi t ion under quiet condit ions .  

The  l imestone contains no  macrofossils . Th is  is rather astonish i ng, as 
i t  is a campact l imestone where condit ions for preservat ion should be good . 
Some (undetermined ) microfoss i l s  seen i n  a th in seet ian are of i n terest, 
s ince they show that i f  rnaerafoss i ls b ad been embedded , they would not 
have  been d issolved later on - small fossi ls usually being d i ssolved first. 
There could hardly have been any rnaerafauna of importance here during  
the deposit ion of th i s  l imeston e .  Even m icrofoss i l s  seem scarce. The l ime­
stone cloes not  show ev iclence of  argan i e  ori g i n .  Such I imestones a re often 
said to be chem ical deposits , though micro-organ isms are probably play ing  
an  important  part i n  the  precipitat ion of the  carbonates. Such  processes 
are known to occur now in shoal-water areas and in  lagoons .  

Scatterecl minute crystals of pyr i te te l l  of samewhat stagnant  condi t ions .  
In h armony w i th th is  there seem to be corrosion surfaces in  the l imestone ,  
probably tel l ing of t imes with even h igher acid i ty of  the waters. 

The Red Tretaspis Mudstone . 

The brownish-red mudstone with green bands constitutes the upper part 
of the Tretaspis Series in  t he  core, w i th  the exception of  the top sandston e ,  
i n to  wh ich  i t  gradually passes. Regarding t h e  relat ion between t h e  red 
and green rnudstone ,  a few facts will be summarized here. Although the 
mudstone starts and ends as  greenish mudstone ,  the red colour definitely 
ciaminates throughout  this div is ion of the core. The green bands are not 
rnore than 20 cm thick,  usually about 5 to 1 0  cm . Inside two of th ese 
green bands there is  a th in  layer of bentonite .  In the field i t  i s  sometimes 
seen that the green bands after some meters t h i n  out horizontally. In one 
case h alf the core only was penetrated by such a band .  The  bouncl ary be ­
tween the red and green mudstone i s  always sh arp, as shown even when 
studied in  th in  seetians u nder the  microscope ,  with the  exception of the 
samewhat diffuse boundary between the red mudstone and the green ish -grey 
mudstone at  the top . \N i th the exception of the colour ,  no dispar i ty can 
be  traced between t he  red and green mudstone ,  th ough small pyrite crystals 
are sometimes found in  the green , n ever in the red mudstone .  Ch emical 
analyses (See table III p. 3 84) show that the proportions between Fe · · ·  and 
Fe " · i s  c .  5 :  I in the red and 2 :  1 in the green rnudstone .  

' See footnote page 3 79· 
27-46595. Bull. of Geol. Vol. XXXII. 
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It seerus from this as i f  the  green mudstone represents a reduction 
facies of the red one, and i t  also seerus possible that the colours are main ly 
due to iron compounds.  

It i s  hardly possible that the green mud was » washed out» and deposited 
at the same time as the red mud.  And the green mudstone would then 
not h ave a sharp outl ine  towards the red one. 

It has been suggested that the red mudstones have obtained their colour 
through oxidation after the ir  deposit ion by having i ntermittently been laid 
dry (MOBERG r 904) . In the case of the Red Tretaspis Mudstone ,  h owever, 
there are no  mud-cracks or other ind ications of this . Worm-trail - or  p lant­
like fossils in the red mudston e in  the core are sometimes green , as weil 
as their  nearest su rround i ngs. If the red colour should be due to a sec­
ondary oxidation , the green areas might have retained their colour owing 
to a greater amount of argan ie matter .  In the case of the green layers, 
however, th ere is  micro- or macroscopically no evidence of this, nor do 
chemical analyses support this v iew. (See table I p .  3 8 r . ) 

Most probably the red mudstone was deposited as red mud .  Locally 
i t  may have been reduced to a green colour by decomposing organ ic  matter. 
Layers might be formed similarly, though probably not the green layers 
in the core, as they show no extra amount of argan ie  matter. They may 
have been deposited as green mud, in  a more reducing  mil ieu . The alter­
nation  between green and red mudstone  would then recall that of black 
shale and grey mudstone described above. The reducing may ,  however, 
have occurred much later, due to reduci ng gases or  solutions penetrat ing 
a long zones of weakness (e .  g .  bentonite beds) , f. inst .  i n  connection with 
the in trusion of th e Kinne-di abase .  

The fauna of the r ed  and  green mudstones show l i ttle variation . Most 
common are small ostracods and tri lobites. A few species of brachiopods are 
al so regularly met with , though they are relatively scarce. N o pelmato­
zoans, bryozoans, corals or other sessi le benthonic  forms have  been met with . 
This may be due to the  water h aving been too muddy and the bottom too 
loose. In this conn ection i t  i s  i nterest ing to remember that, as pointed 
out by HOLM ( r 883  p. 3 2  footnote 2 ) , some of the tri lobites found here 
were bl ind forms (Lo7tclwdomas, Tri7lodus) and to note that the nauti loicleans 
seem to h ave shunned these waters .  As more or less complete specimens 
of the fragi le Tretaspis species are not  too uncommon, i t  is probable that 
they l i ved i n  th ese waters . The same can be said about Sowerbyella ? ro­
settana, whose valves sometimes are found in j u xtapos i tion .  This also 
shows that the  waters h ave probably been quiet .  MOBERG ( 1 904 p. 1 40) 
seerus already to have noticed that the fauna  of the  Red Tretaspis Mud­
stone consists mostly of small forms.  Small forms, as weil as the paucity 
of species often characterize the fauna in partly locked waters , especially 
where the sal in ity cliffers from that normal to the open sea, e .g. in  brackish 
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water. A low salin ity could probably alone explain the  absence of sessile 
benthon ic  forms. Another possible explanation of the absence of these forms 
as weil as the occurrence of bl ind forms is  that the  red mudstone represents 
deep sea sediments. The uniform appearance of the red mudstone may 
support this view, though the eonstant amount of  angular quartz-grains 
:;;; o .  5 mm in d iameter seems very suspicious. The  variabi l i ty of the th ick­
ness of the red mudstone from place to place in  V estergötland also seems 
to contrad iet this theory. This variabil ity as wei l  as the relatively great 
th ickness of  the Red Tretaspis Mudstone suggest a rather rap id  deposition .  

The Sediments o f  the Tretaspis Series as a Whole . 

When d i senss ing the l ithology of the Tretaspis Series, one is constantly 
reminded of the  Stockdale Shales ,  treated by MARR ( 1 92 5 ) .  The vertical 
d istr ibution of the predominat ing colours show great l ikeness. Stockdale 
Shales : dark - blue - green - red. Tretaspis Series : dark - green -
red . Here the b lue beds are missing, but  two thin streaks of blue mudstone  
have been found at levels 5 7 · 3  and 5 7 .0 m ,  that is  i n  the upper part of 
the  Black Tretaspis Shale .  

In both ser ies of sediments the cletrital port ion sh ows great un iformity. 
In both cases the muds are generally fine, though s l ightly coarser types of 
sediments occur near t he  top .  

A s  MARR found i n  the Stockdale  Sh ales ,  i t  i s  also found i n  the Tret­
aspis Series that beds of  different character are welded tagether with no 
planes of d iscontinuity. The only planes of d iscontinu i ty found ins ide the 
Tretaspis Ser ies are the  corrosion surfaces in  the Tretaspis Limestone ,  but 
these are probably of minor importance .  

MARR suggests that the Stockdale Shales were deposited with i n  the 
mudl ine and in  qu iet  waters. This seems a lso to be the case with the 
sediments of the Tretaspis Series . 

MARR further attributes th e sparse benthonic fauna of  the Stockdale 
Shales to the charging of the  lower waters with deleterious substance 
(» poison » ) .  This seerns to be rather certa in as re gards the black graptol ite 
shales in  the core, but the absence of sess i le  benthonic forms, as weil as 
the rather poor fauna i n  the Red Tretaspis Mudstone is  rnore probably 
eaused by abnorma! sal inity or possibly muddy waters. The conditions 
during th e deposit ion of the red mud could h ardly h ave been stagnant .  

Signs of Volcanic Activity in the Tretaspis Series. 

The  two layers of benton ite in the Red Tretaspis Mudston e (p .  3 79) tell 
of  volcan i c  activity in Ashgil l ian t ime .  As yet, no other layers of benton ite 
h ave been recorded from the Swedish Tretaspis Series, nor i s  any other 
material of volcan ic  origin known from this period in  Sweden . 
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It 1s  interest ing that i n  the Trondheim Region in  Nonvay , the Grimsås 
Rhyolite or Quartz-porphyry, according to TH. VOGT ( 1 945  p .  5 1 4) ,  proh­
ably represents an effusive rock apparent ly of Ashgill ian age. In Great 
Britain Ashgil l ian effusive rocks are known with certa inty from different 
localit ies . .  

I t  thus seems possible that the bentonite layers i n  the Red Tretaspis  
Mudstone registrate the volcanic activity in  the not too distant  Caledonian 
geosyncline .  

Description of Fossils. ' 

B R A C H I O P O D A. 

Inarticula ta . 

The classification of the inarticulate brach iopods badly needs a revision , 
a revis ion i n  wh ich due attent ion is paid to the i nterna! ch aracters. Un­
fortunately these characters are often very faintly developed or  not at all 
discern ible .  W. C. BELL ( 1 94 1 )  has, however, shown that detailed studies 
give valuable results . Only in  respect to the genus Paterula BARRA]';'DE can 
some new information regarding interna! characters be added here .  

The terminology is  that proposed by W. C.  BELL. Briefly, this in ­
volves apply ing the term pseudointerarea to the posterior s lope of  the sub­
conical ventraJ va lve i n  the neotremates and i n  the  Micromitra-l ike species, 
and the flattened surfaces usually characterizing the th ickened posterior 
margin in  many neotremates, and both valves in  the atremates .  The term 
proparea i s  applied to each of the two smooth subtriangular surfaces that 
border the delthyrium and notothyrium in  many of the JI!Iicromitra-like 
species, and which are del imited from the rest of th e valve by ridges or 
grooves. The term proparea is  also applied to each subtriangular h al f  of 
the pseudointerarea where the pseudointerarea i s  div ided medially by a 
groove ,  termed intertroug'lt (W ALCOTT : false  pedicle groove) . W. C. BELL 
further advises the use of the fol lowing terms in th e descri pt ion of i n arti­
culates : deltltyrium, notot!tyrium, lwmoeodeltzdium,  and homoeochilidium .  

Genus Hisingerella n .  gen . 

D e r i v a t i o n  o f  n a m e :  The genus is named in  honour of W .  HISINGER, 
who first described the genotype.  

G e n o t y p e :  Hisingerella nitens (HISINGER 1 83 8) .  
D i a g n o s i s :- A small inarticulate with Micromitra-like ventraJ val ve  

(pseudoconical, with pseudoin terarea and  homoeodelt idium) and  a l ow dorsal 
valve with an in terna! median riclge .  

' When nothing e l se  i s  stated, the specimen numbers refer to the catal ogue of  the  
Museum of  the Palaeontological Institute of  the University in Uppsala. Table IV  pp. 422-424 
shows the vertical range of the fossi ls .  
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D e s c r i p t i o n :  Outl ine subcircular to somewhat transversely subell ip­
t ical ,  posterior margin sl ightly truncated ; I ine of  valve j unction shorter than 
greatest width of shel l .  Surface filate ,  i n  the genotype faint  radiating ribs 
are present. 

Ventral valve : Profile tr iangular , greatest height at pointed apex, which 
is situated behind the posterior margi n .  Delthyria l  angle small . Homoeo­
deltid ium cont inuous with the propareas and completely covering th e  cl el­
thyrium .  No foramen observed.  No interna! featu res known . 

Dorsal valve : Profile s l ightly convex. Notothyrium low,  widely anguJa r 
Homoeochi l idium not observed . Interior with a median ridge . 

D i s c u s s i o n : This genus is probably related to the  Mierornitra-Pate- . 
rina-Ipludella group ,  the  exterior of the ven tral vaJve be ing the same, with 
a convex homoeodelt idium and no fm·amen . As maintained by W. C.  BELL 
( I  94 I) l i tt le can be gainecl by speculation regard ing apparent a ffi n i t ies as 
Jon g as the i nterna! morphology of this group is so i mperfectJy known . 
The proposed genus d iffers , however, from the Mieromitra-Paterina-Ipludella 
group in its Iong and  well -defined in terna! median ridge i n  the dorsal vaJve .  
Such a ridge occurs often in  species earl ier referred to Aerotreta, now often 
referred to new genera. (One reason for separati ng  new genera from Aero­
treta h as been that the interna! characters of th e genotype are unknown . ) 
The species referable to 1-Iisingerella can , however, not be referrecl to any 
of t h ese new genera or  to Conotreta W ALCOTT I 889 ,  al l  o f  w h ich h ave a 
foramen and onJy have a median vertical groave (intertrough ) a cross the 
mterarea but  no homoeodeJtidium . \iVALCOTT ( I 9 I 2) aJreacly Ja id stress upon 
this cl ifference between th e species be  referred to Mieromitra and those he  
referred to  Aerotreta . 

In addit ion to Aerotre/a dubia HADDJNG I 9 I  3 ,  w h ich sh ould be regarded 
as a synonym for Hisiugerella nitens, the cJoseJy related but strati graph i ­
cally sl ightly older Aerotreta 7tana HADDJNG I 9 I  3 should be assignecl to 
Hisiugerella . 

Another Ordavieian species ,  Mieromita (Paterina) davidsoni REED ( I 9 I 7 J 
from the Girvan district, may also beJong to this genus.  Only the  ventraJ 
vaJve is  described.  On the other hand REED also describes several dorsal 
vaJves, resembl ing the dorsal valve of Hisingerella ,  without be ing able to 
associate them with certainty with any ventraJ valves .  He ten tatively refers 
them to Aerotreta (?) and Aerot/tele (?) . 

Hisingerella nitens (HlSINGER I 8 3 8) .  
P I .  XXIV, figs .  J ,  6-8 . 

1 8J$ AbyjJa .J nitens - HISINGER,  p. 77 .  
r 867 Orbicula ? nitens, HISI NGER - TÖRNQUJST, p .  1 9 . 
1 880 Obolella ? nitens, HISI NGER - ANGELI N·LI NDSTRÖM ,  p. 2 1 ,  p i .  XIII ,  figs .  J 2 -· J4 . 
r 88J Obolus nitens, HISI NGER - TöRNQU!ST, p .  2 2 . 
I 9 1 J  Aerotre/a dubia - HADDING,  p. 6 1 ,  p i .  V, figs.  24 ,  2 5 .  
1 9 1 5 Acrotreta dubia, HADDING - H ADDING,  p .  JO, p i .  IV , figs .  2 5 ,  26 . 
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L e c t o t y p e : -- HISINGER's  original description of Hisingerella nitens 
was not accompanied by any illustrations ,  and he  does not describe any 
individual specimens. A type specimen has been ehosen from h is original 
materia l .  It seems the most appropriate to regard th is as a lectotype .  

The original material belongs to » HISINGER 's  collection » at the Palaeo­
zoological Department of the Swedish Riksmuseum, Stockholm , and consists 
of several slabs from the type  locality and stratum (as given in HrsrNGER ' s  
work) labelled Atrypa? nitens, each  slab contain ing several specimens of  
Hisingerella nitms. 

The lectotype ehosen (Riksm.  Palaeoz . Dep .  -- Br. 504 1  a) is a rather 
smal l  dorsal valve, measuring 1 . 3 mm (length) X 1 .4 mm (width ) ,  hut shows 
wei l  the outline  of the  valve,  as wei l  as the median r idge as it so charac­
teristically appears in campressed specimens. On  the same slab (Br. 504 1 )  
there are several  other dorsal valves o f  Hisingerella nitens of different sizes , 
as wei l  as a few more or less damaged ventraJ valves . 

T y p e l o c a l i t y :- Draggån , Rättv i  k ,  Dalarna .  
T y p e s t r a t u m :- Black Tretaspis Shale .  
M a t e r i a l :- A great number of campressed separate valves ,  a lso a 

few complete shel ls .  
D e s c r i p t i o n : - Outline transversely subell iptical to subcircular except 

for truncated posterior margin . Line of valve junction shorter than greatest 
width of she!! . Greatest width somewhat beh ind the middle of the she!! .  

VentraJ valve conical ,  about 0. 5 mm h igh , the highest point being at 
the apex . samewhat anterior to the b inge I ine .  The pseudointerarea is  thus 
steeply procl ine .  The apex is slender and spine-l ike and is  often bent back­
wards owing to compression .  The h omoeodeltid ium is narrow and rather 
convex,  covers the  whole of th e delti dium and is continuous with the prop­
areas . The i nterarea is filate. Interiorly no other markings than reflections 
of the externa! sculpture. No foramen has been observed.  

Dorsal valve almost flat. The rounded beak proj ects slightly behind th e 
posterior margin, to fit into the sinus formed by the convex homoeodel­
t idium of the ventraJ valve . The pseudointerareal features are not clear, 
owing to the flatness of the valve.  The notothyrium seems very wide, the  
propareas very narrow and a homoeochi l idium has not been  observed.  The 
most striking feature in the dorsal va lve is the interior median r idge ,  ex­
tending from the apex abou t  4/5 of  the way to th e anterior margin. Owing 
to cotnpression of the thin va lve ,  th is  r idge often appears as a dorsal ex­
terna] r idge .  In complete specimens the compression has not eaused such 
a deformation , hut the position of the ridge is usually indicated externally 
by a faint  furrow. 

D i s c u s s i o n : - The core spec imens agree with HISINGER's original 
descript ion of Atrypa? nitens and the more detai led description in Fragmenta 
Silurica. Comparisons between specimens from the type locality (at Draggån ,  



ORDOVIC[AN AND SILURIAN STRATA AT KINNEKULLE 

S . l J .ength in l Width . pectmen tnm tnm 

l l l I 1 . 8 2 .0 
2 l r . 6 l 1 .9 
3 ! . 5 r . 8 

4 1 .4 1 .6 l l 
5 0 .8 0.9 
6 l 2 .0 2 -4 l 
7 1 . 7 1 .9 
8 : 1 . 5 1 .8 

9 i 1 . 5 1 . 8 

I O  l 1 .4 1 . 5 
I I  l 1 .4 1 . 8 l 

D i m e n s i o n s :  

i n  l Val ve l State of l Stratum preservation 

l l 
Dorsal 1 Cam pressed B lack , l >> T r. Shale 

>> >> >> 
, >> l , 

l » >> , 
l 

\'entral , >> 
>> » >• l >> >> » 

Strong\ y l l Do
,
:sa l  campressed >> 

>> » 

Ventrat >> » 

l Locality 

l l j Care 6 1 . 5 0 m 

l , 
l » 
l >> 
l " i , l , 
l » l 

R ittv ik ,  Dal arna 
>> 
>> 

Rättv ik ,  Dalarna) and the core specimens leave no doubt as to their  re­
presenting th e same species. Specimens from Hamra, Östergötland, a loca­
l ity described in  Fragmenta S i lurica, also belong to the same form . 

The core specimens also agree weil w ith the descript ion and figures of 
Acrotreta dubia HADDING ( 1 9 1 3 ,  1 9 1 5 )  from the zone of Climacograptus 
styloideus in Bornholm, and from the zone of Dicranograptus clingani as 
weil as from older zones as far down as the zone of Nemagraptus gracilis 
i n  Scan ia .  Specimens from these local it ies could not be distinguished from 
the core specimens .  

O c c u r r e n c e  i n  c o r e :- Very common in t he  Black Tretaspis Shale ,  
62 .60- 5 7 · 70 m.  Hisingerella nitens i s ,  in  fact, the most common inartietdate 
brachiopod in  the Tretaspis Series of the core. 

R e g i o n a l d i s t r i b u t i o n :- Sweden : Dalarna, Östergötland ,  Väster­
götland.  - Denmark : Bornholm.  

S t r a t i g r a p h i c r a n g e :- Zon e of  iVemagraptus gracilis to (and i n ­
cluding) zone of Climacograptus styloideus, the latter zone ,  at !east partly, 
correspond ing to the Black Tretaspis Shale .  

Genus Paterula BARRANDE r 879 . 

G e n o t y p e :- Paterula boJzemica BARRAJ\DE 1 8 79 .  
D i a g n o s i s : -- The outl ine is  subcircular to  e longate subell i pt ical .  

Both valves are sl ightly convex except for a flat marginal border .  A pedicle 
fissure penetrates the margin posteriorly. In the interior a r ing- l ike r idge 
separates the marginal border from the central disc .  A corresponding groove 
is found in  the dorsal valve. Two d ivergat ing furrows extend from the apex 
to the central region of th e ven traJ inter ior .  

R e m a r k s :- To the genus Paterula species have been referred from 
Bohemia,  Sweden , Scotland (REED 1 9 1 7 ) and N .  America (RUEDEMANN 
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1 934 p .  79) .  All the species included in this genus seem to be  closely re­
lated. W hen erecting  the genus, BARRANDE ( 1 8 79) states : >> Les 2 val ves, 
circula ires ou faiblement ovalaires, ne  presentent qu ' un  bornbcment tres peu 
prononce vers l ' exter ieur .  L 'espace interne devait donc etre tres exigu . Ces 
2 val ves se reneontrent h abituel lement isolees. Cependant ,  nous figurans 
PI .  r 5 2 ,  z specimens de valves j uxtaposees , qu i  paraissent avoir appartenu 
a un  meme individu.  Nous pouvons ainsi constater, qu ' i l n ' existe aucune 
fissure ,  sur  l a  su rface n i  de ! ' une ,  n i  de l ' autre valve. Ce fossi le  n ' est donc 
pas une Discina. Mais nous observans ,  au contraire ,  la trace d 'une per· 
foratian sur le bord . Elle est indiquee par un  petit cyl indre de la roch e ,  
qu i  l ' a  inj ectee et qu i  fait sai l le sur  l e  contour . » A study of a l l  the  species 
now known pennits a more precise di agnosis of the genus as given above. 

S t r a t i g r a p b i c  r a n g e : -- Ordovician . 

Paterula cf. boh emica BARRANDE r 879 .  
P I .  I I ,  fi g .  z .  

1 879 Paterula Boltelllim - BARI�ANDE,  Vol .  V,  p.  1 1 0, p i .  9 5 ,  figs .  l :  1 -3 , p i . 1 5 2 ,  
figs .  I :  1 --9. 

1 9 1 3 Paterula Bo!temt"m, BA R R .  - BADDING p .  6o, p i .  V, figs . 1 6- 1 9 . 

M a t e r i a l : - A smal l  number of  campressed separate valves .  
D i a g n o s i s : - - A subcircular th ick-shel led Paterula with strong i nterna] 

submarginal r idge, making a sinus forward i n  front of the distinct ped­
icle fissure. Apex situated submarginal ly in  both valves. 

D e s c r i p t i o n : -- The outl ine is c ircular or sl ightly elongate el l ipt ica l .  
The  greatest width of the shel l  is s l ightly behind the middle .  Conspicuous 
growth I ines and fila .  I nconspicuous radiating I ines are sometirnes  visible .  

VentraJ valve s l igh tly a n d  rather evenly convex (most s o  posteriorly) , 
except for the depressed marginal border (0. 3 mm broad anteriorly) , only 
broken posteriorly by a conspicuous pedicle fissure. The apex i s  s i tuated 
submarginal ly and is  b luntly rounded. Interiorly a conspicuous r idge, re ­
present ing a th icken ing of the  shel l ,  runs j ust inside the  marginal border . 
In front  of the fissure the  r idge becomes lower and makes a shal low sinus 
forwards ( i nwards) . At two more p laces, on each side of the valve , about 
one·third of th e way from the posterior to the anterior end ,  the r ing-l ike 
ridge shows minor i rregularities . Here the ridge is faintly depressed and 
makes an inconspicuous s inus i nwards as i t  sends off a ridge or fold-l ike 
elevation , obliqu ely backwards, pa inting against the apex. From the apex 
two distinct fu rrows radiate to the middle of  the she! ! .  Here tbey embrace 
a smooth oval spat ,  partly divided by a short median furrow. At the end 
of each radiat ing furrow there is an ind istinctly del imited , rough spat .  In 
front of a l l  the spots there are a number of short brancl1 - l ike structures , 
probably representing vaseular markings .  
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Dorsal valve .  Also sl ightly convex, perhaps a l itt le more than t h e  
ventraJ valve .  The  apex i s  situated submargin ally and  is  bluntly roun ded 
here too. The depressed margin earresponds to that of the opposite valve, 
but shows no notch . In the interi or a groove opposes the ring-l ike r idge 
of the v entraJ valve .  There is an  obliqu e groove corresponding to each of 
the obl ique r idges of the ventraJ va lve .  A number of faint  furrows rad i ate  
from the apex ha lfway to  the  anterior and lateral margins .  

D i m e n s i o n s :  
Length Width L' W 

3 ·3  m m  3 ·3 m m  1 .0 

J . 2  J .O J . [  
2 . 6  )) z . s  )) l .  O 
z . s  » 2 . 5 l .  O 
1 . 4 1 . 3 1 .0 

l .  O >> 0. 9  >> l .  l 

D i s c u s s i o n : - The core specimens agree wei l  with BARRAN UE 's  i l lu­
strations. Even the ratio length : wiclth is  the same as far can be j u clged 
from i l lustrations .  As no Bohemian materi a l  of Paterula boltemica has been 
available for comparison , i t  is not aclv isable to refer the core specimens to 
Paterula boltemica with certainty, the more so as a renewed stucly of th e 
Bohemian material may lead to th e separating of new species ,  - the great 
v ertical range (d r -d3--cl5 ) pointed out by BARR:\ N D E ,  bei ng  suspicious .  A 
lectotype or neotype should be ehosen from Bohemian materi a l .  

The specimens dep icted by HADDIKG ( r g I 3 ) from Scan i a  as Paterula 
boltonica seem s imi lar  to the core specimens .  HADDING reports th is species 
from as low down as in the zone of Nemagr. gracih1, as wei l  as in  the  
nearest overlying beds . 

O c c u r r e n c e  1 n  c o r e : - Rather l imited, S 8 Ao-·· S 7 · 7o m in t he  Black 
Tretaspis  Shale .  

Paterula cf. portlocki (GElNITZ r 8 5 2 ) . 

P I .  X XIV,  figs .  4, 5 ·  

1 8 5 2  Orbimla ( Ortlu's) Portlocl.:i, G E I N I 'L'Z p .  2 5 ,  p i .  l ,  fig.  3 1 �an d 3 2 ?) .  

1 890 Discina Portlocl.·i (GEI NITZ) - G E ! NITZ p .  2 7 . 

1 9 1 5  Discina Portlodii (GE!N ITZ) - HADDING p. 30, p i .  I V ,  figs.  2 1 ,  2 2 .  

M a t e r i a l :- A m1mber of compressed,  separate valves . 
D i a g n o s i s : - An ovate, th in -shel led Paterula with faint in terna! 

submarginal r idge. Apex situated nearly midway between pos terior border 
and centre in ventraJ valve ,  s l ightly more posteriorly in  dorsal .  Pedicle 
fissure not very conspicuous. 

D e s c r i p t i o n :- Outline o va  te ,  greatest width sl ig h t! y behind midd le  
of she!! .  Conspicuous concentric growth-lin es and fila .  
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Ventrat valve .  Very low conical with depressed marginal border. Apex 
situated about midway between posterior margin and centre. Owing to 
mode of growth , the apex is relatively nearer the posterior margin in  old 
shells than in young .  

In terior of va lve  shows an  inconspicuous submargin al ridge. A short 
groove posteriorly erosses this and th e marginal border and ends i n  a 
shallow pedicle fissure. Two distinct but fine furrows radi ate from the apex 
to the middle of the shel l .  A fainter system of radiating elements is occa­
sionally seen. I t  is most conspicuous where i t  erosses the marginal growth- l ines .  

Dorsal valve .  Very low conical with depressed marg in .  The apex is 
perhaps situated a l i tt le more posteriorly than in  the ventrat valve. Interiorly 
a faint system of radiating elements. In one case an in conspicuous and 
short median septum was observed .  

D i m e n s i o n s :  
Length 

J . O  m m  
2 . 6  » 
2 . 6  » 
2 . 5  ,, 
2 . 5  

2 . 2  

l .  O ,, 

Width 
2 .6 m m  
2 . 2  

2 . 1 ,, 
2 .  I 
2 .0 

! . 8 » 
o . 8 5  » 

L! W 
I . I 5 

1 . 20 

1 . 2 5  

! . 20 

1 . 2 5  

! . 2 5 

! . 20 

D i s c u s s i o n :- When erecting the species ,  GEINITZ only gives the 
followi n g  information about it : " durchschnittl ich nur zwei Linien gross . . .  , 
mehr oval-kreisrund ,  n icht kreisrund . . .  , z iemlich randliche Lage des nied­
rigen vVirbels . . .  , dicht an dem Rande vor ihrem Wirbel noch eine kleine  
leistenförmige Erhöhung . . .  " 

GEINITZ also states that this spectes occurs m Bornholm together with 
a certain graptolite that HADDI N G  later has identified as Diplog-raptus 
calcaratus robustus Hoc.  

I n  spite of  th is  not  too detailed descript ion , HADDING was able  to find 
out which species GElNITZ rneant of the several i n articulates occurring in 
the Middle Dicellograptus Shale of Born holm , because only one showed 
the » l ittle r idge-l ike elevati on >> beh ind th e apex. 

The core specimens agree weil with HADDING 's  description , except for 
his remark that th e dorsal valve (HADDING :  ventrat valve) h as a low in­
terna!  median r idge.  His figures also show specimens more circular than 
the  ovate core specimens .  

Paterula cf. portloclci differs from Paterula cf. bohemica i n  the more 
central position of  i ts apex, its more elongate el l iptical outl ine ,  less pro­
nounced pedicle fissure and interna! r idge in the ventrat valve ,  and in i ts 
thinner shel l  substance .  The two radiating furrows in the ven trat valve are , 
however, qu ite s imi lar i n  these two forms. In shape and size Paterula cf. 
portlocl.:i recalls some of the Paterula balclatclziensis specimens figured by 
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REED ( 1 9 1 7) ,  one  even showing  the same pair of radiating  furrows . Just 
in these specimens the apex i s ,  however,  s ituated more marginally than in 
the others figured by REED. The constancy i n  the ratio length : width in 
each of the two core species of Paterula suggests that the specimens re­
ferred to P. balc!atchiensis, some distinctly elongate el l iptica l ,  other subcir­
cular ,  might belong to d ifferent species or  subspecies . 

O c c u r r e n c e  i n  c o r e :- 64. 5-56 . 7  m .  This means that i t  occurs 
from the base of the black (Chasmops) shale below the Black Tretaspis 
S hale to the top of the latter. It i s  i n terest ing to com pare th is  vertical 
d istribut ion with the small on e of Paterula cf. boltemica ( 5  8 -40- 5 7 . 70 m). 
Paterula cf. port!ocki occurs fairly regularly, though never in  such great 
numbers as Hisingerella nitens . 

Lingulellid, gen .  e t  sp .  i nd .  

A few more or less crushed separate valves of a Lingulella-like brachio­
pod h ave been met with i n  the lower part of the Black Tretaspis Shale 
(63 . 30-6 r . So m) .  In size and shape the specimens agree very wei l  w i th 
the description of the s hell HADDING ( I 9 I 5 )  n a mes Lingula dicellograptorum 
var .  pulla, from the Middle Dicellograptus Shale of Bornholm and Scan ia .  
The interior i s ,  however, qu ite unknown i n  the  core specimens ,  as weil a s  
in  the  Bornholmian and Seanian specimens .  

Articulata . 

The determination of articulate brachiopods IS more or less dependent 
on their i n terna! characters. It has not always been possible to study these 
m the core mater ial ,  and consequently the systematic posit ion of several 
species described here is  not certa in . I n  some cases material collected in 
the field h as given additional informations . 

In addition  to the brach iopod species described below from the  Black, 
Green and Red Tretaspis Beds, also others occur i n  the core. A small 
strophomenid i s  met with in the Black Tretaspis Shale, or rather in the 
dark l imestone l enses in  the shale .  Immature dalmanell i d  specimens (perhaps 
» Ortltis » argentea HISINGER) occur in  the Black and Green Tretaspis Shales . 
A t iny ( I -2 mm) dalmanell id with a rather convex ventraJ and an  almost 
flat dorsal valve is regularly met with in the Red Tretaspis Mudstone .  

In  the sandstone,  here tentatively referred to the Tretaspis Series as 
i ts  top bed, there are a number of brach iopod spec ies ,  on ly represented 
by one or two sheils each i n  the core .  vVith the exception of one easily 
recognisab le  l i ttle Schizoramma sp . ,  i t  h as therefore not been advisable to 
give any description of these brach iopods un ti l  more material has been 
collected in the field , the more so as many species probably will prove to 
be new. To give an idea of the fauna ,  the following preliminary determina­
t ion by Mr. V. JAANUSSON is given : Dalmanella c f. testudinaria DALMAN , 
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Hindella ? cf. cassidae DALMAN,  Cliftonia ( Oxoplecia) sp . ,  Dolerortltis sp . ,  
and others. 

The writer wishes to thank his friend Mr. V. jAANusSON for most 
valuable h el p and ad v ice regard ing the stud y of the  articulate brach iopods 
i n  the core. 

Gen us Sowerby ella JONES 1 92 8 .  
Sowerbyella ? cf. restricta (HADDING 1 9 1 3 ) .  

1 9 1 3  LejJtaena seriaa var. restricia H AD D I N G ,  p .  6 2 ,  p i .  V, tigs .  29�3 3 .  

Immature sh ells, usually less than 2 mm wide ,  occur in aston ish ing  
quantit ies at several levels i n  the  Black and Green Tretaspis Shales .  Most 
of t hem have  on ly 5 -6 rad ii cleveloped.  The rad i i  often show a tenclency 
to swell i n  the umbonal region .  Shells belonging to stages transit ional to 
the far less common adult  specimens h ave also been found .  

Adul t  she i l s  agree very we i l  wi th  the descri ption g iven by HAD lllNG ,  
ha  v i ng  r r - r  3 rad i i  and  maximall y 5 i n  terradial costae. The primary 5 r ad  i i  
p lay a sl ightly more ciaminat ing r6le t han  t he  other radi i .  The  sheils i n  the 
core show no  i n terna! features other than that they are papil lose .  They 
reach a width of ful ly 5 mm and a length of j ust over 3 mm. 

R e m a r k s : - As Iong as the  interna! characters are not  known , the 
systematic pos i t ion of  this shel l  is uncertain .  In s ize and externa! orna­
mentation th is she!! recalls a species described as Sowerbyella sericea var .  
a/bida by REED ( 1 9 1 7 ) from the  Girvan distr ict and referred to as Lcptel­
loidea ? a/bida (REED ) by jONES. 

O c c u r r e n c e  i n  c o r e :- In the black shale at the top of the (has­
mops d iv is i on , and in  the  Black and Green Tretaspis Shale .  

O c c u r r e n c e  e l s e w h e r e : - H A D DI NG states that  th is form is found 
in  the zone of 1\lemagraptus ,r;racilis and the n earest younger beds, as  we i l  
as  In  the correspond ing  Ogygiocaris Shale in  Jämtland .  He also reports i t  
from the  Chasmops and Tretaspis Series .  Besides at Kinnekulle i t  also 
occurs 111 other localit ics in Vestergötland .  

The Sowerbyella s u bcorrugatella Group .  JoN Es r gz8 .  
1 88o, A N G E l.l N - L I N DSTR Ö M  (Fragmenta S i lurica) p .  30, p i .  XV! l ,  tigs . 1 -4 .  

1 9 1 6 , H O LTED A H L , p .  79 , pi .  XIV,  tigs.  6, 7 ·  

1 9 1 7 , REEll ,  p .  8 8 6 ,  pi . XV ,  tigs .  3 3 , 3 4 . 

1 92 8 .  0. T. ] O N ES,  p p. -163,  5 1 1 , p i .  XXIV, figs. 1 4 , 1 5 . 

Sowerbyell a ?  rosettana n .  sp .  
PI .  XXIV,  tigs .  9 - 1 2 .  

D e r i v a t i o n o f n a m e : - From Lat. rosetta, all u d  i n g  t o  the f act t h at 
the two valves are often found in  j uxtaposit ion and give the fossil a rosette­
l ike appearance . '  

' I t  i s  a curious fac t  that  even other brachiapads are not  uncommonly found i n  juxta­
posit ion in  the Red Tretaspis  Mudstone ; in  samples from Östergötland bot h a Sam/Jo 

sp .  and a smal l  da lmanell icl .  
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H o l o t y p e :-- bp.  5 2 76 .  
T y p e l o c a l i t y :-- Jonstorp ,  Vestergötland .  
T y p e s t r a t u m :-- Red Tretaspis Mudston e .  
C o r e  m a t e r i a l : -- A number of separate valves , ventral moulds and 

complete shel ls .  
D i a g n o s i s :-- A species remin ding of the  So?Uerbyeffa subcorrugatefla 

group . In the mid-region of the ventraJ valve fou r  darninating primary 
rad i i  border two radiating (paramedian) su lci, between which there is a low, 
ftattened median fold .  These featu res are reversed in the dorsal valve ,  
wh ich has two paramedian folds and a sh al low median su lcus .  The trans­
verse rugae between the radii of the shel l  are non -conti nuous ,  concen tric folds .  

D e s c r i p t i o n : -- E x t e r n a ! f e a t u r e s . The shel l  is concave-convex . 
Th e outl i n e  is subsemicircu lar, the  greatest width at the b i nge .  The anterior 
part  is  often concealed by matrix ,  making the shel l  appear broader than 
i t  real ly is .  The cardinal  angles are sl ightly produced and about 70° , bu t  
they a r e  often defective and t hen  seem rectangular .  The ventraJ va lve i s  
apsac l ine and  the dorsal valve hypercl ine ,  the angle between t he  two i n ter­
areas being negligible .  

The surface of both  valves is covered by radiatin g costae of two 
d ist inct sizes, the radii and threads of O. T. JONES.  Between the radii there 
are consp i cuous transverse wrinkles, concentrical ly a rran ged , each wr ink le  
being s l i ghtly convex posteriorly and term inat ing lateral ly at the radi i .  

There is n o  special a l ignment o f  the  transverse rugae ; one  ruga (wrink le) 
may be next its fel low in the adj acent series ,  or may be opposite a trans­
verse stria between the rugae. The th reads undulate over the wri nkles. 

The median region of this shel l  is of special in terest. In  the ventraJ 
va lve i t  is separated from the two lateral sectors by a pair of well -ra ised 
pr imary rad i i .  Inside th is pair of radi i ,  there is another p air of equal ly 
well-raised pr imary rad i i .  These four radii play a darninating r6Je in the 
sculpture and wil l  be termed the main radi i  ( inner and  outer pair) . The 
space between the inner main radii wi l l  be termed the med ian sector ,  whi le 
the  spaces between the inner and outer main radii wi l l  be caJ led the 
paramedian sectors. I n  th e median seetar there are ,  i n  adult specimens, one 
secondary (median ) radius and two tertiary radi i , and  i n  each of th e para­
median sectors, also ,  there is one secondary radius .  The total number of 
rad i i  i n  the middle third (including the outer pair of main radii ) is thus 
nine. Between every two of these radi i  th ere are from 2 to max. 5 threads. 

Turning to the lateral seetars of  the shel l ,  these have each 4-5 rad i i ,  
equa l  i n  strength but not in length . They earrespond in  strength to the 
secondary rad i i  in the mid-region ; though each lateral seetar has on e pri­
mary radius .  The number of threads between the radii in  th e lateral th i rds 
also number maximally five. The total number of radii in one valve is 
about 20. 
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In the dorsal valve the four  main rad i i  l i e  m the bottom of grooves, 
i nstead of  being raised as in the ventraJ valve. 

The ventraJ valve is convex, most so posteriorly. The two paramedian 
sectors are developed as sulci and the median sector i s  s l igh tly fold- l ike .  
At the beak the fol d  of the median sector darninates anteriorly. In the 
concave dorsal  valve these features are reversed . The anter ior margin is  
thus bip l icate. 

I n t e r n a !  f e a t u r e s . Furrows , corresponding to the rad i i  and threads 
of the exterior ,  are wei l  d eveloped alon g the margi n ,  but become fainter 
posteriorly. Transverse depressions, corresponding to the wrinkles ,  are more 
or l ess developed . The interior of the valves is  coarsely papi l lose .  The  
papi l lae are s ituated in  rows between t h e  furrows . Espec ia l ly those on  each 
side of  furrows corresponding to radi i are weil developed. Pap i l lae do not 
occur in  the transverse depress ions ,  but are often weil developed j ust around 
these .  The pap i l l ae  become fewer and coarser posteriorly. They are ,  however, 
not developed i n  the muscu lar area of  th e ventraJ valve, nor in  the corre­
spond ing part of the dorsal va lve .  

In the ventrat interior the dental lamel lae are  well -defined , about 0 .6  
mm Iong i n  a she l l  of the average s i ze ,  and enclose the two equally short 
muscle- impressions .  The weil -marked medium septum forks anteriorly after 
a short d istance (0. 3 mm) .  The branches make nearly a r ight angle  with 
one another and form the inner boundaries of the muscle- impress ion . Each 
musde- impression is  d iv ided rad i al ly by a furrow , which also cont inue� i n  
front of these .  The furrows probably represent t he  pa l l ia l  mark i n gs .  

Dorsal interior .  The h inge- l ine is not crenu lated . The crural bases 
are stra ight and conspicuous,  d iverging at about 1 7  5 ° . They are connected 
with the card inat process, which ,  unfortunately, is defective in  the only 
specimen showing the dorsal  interior .  Anteriorly the card in a l  process i s  
seen t o  b e  divided b y  a short but conspicuous furrow. Two septa ,  end ing  
in pap i l lae ,  run  from the  cardinal region ha l f  way towards the  anterior 
margin . There is  no median septum and no so-cal led >> Sowerbyel len ·Grube » 
(ÖPIK) .  

D i m e n s i o n s :- The sheils i n  the core reach a s ize  of 5 mm (length) 
X 1 I mm (width) ,  and shei ls of about this s ize are most com mon . The 
smallest specimen measures 2 X 4 mm.  

D i s c u s s i o n :- The wrinkled or corrugated surface of  th is  speci es 
suggests its place in the  Sowerbyef!a subcorntgatel!a Group of O .  T. jONES .  
The interior of the ventraJ va lve ,  with t he  smal l  muscle-impressions ,  c learly 
resembles that of  S. subcorrugatel!a REED (probably from Upper Bala) .  In 
size and outl in e S. ? rosettana reminds on e especial ly of  th e S. subcorruga­
te!!a specimens original ly described from Tyrone (probably Upper Bal a) by 
PORTLOCK ( 1 843 p .  4 5 0) as a variety of Leptaena sericea ; these spec imens 
being smaller and with more rad i i  than the S. subcorrugate!!a specimens 
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described by REED from the Girvan district ,  Whitehouse Group .  (See O .  T. 
JONES 1 92 8  p .  463 . ) O .  T.  JONES does not  state anyth ing about the interna! 
features of the dorsal valve of S. subcorrugatella. As Iong as these are 
unknown, the generic reference of the species remains uncertain . Unfortun ­
ately, neither the  dorsal interior of  S. ? rosettana is ful ly known , but  th e 
» Sowerbyellen -Grube » is lacking. As this cavity is considered an important 
feature of the Sowerbyel l inae by ÖPIK ( 1 93 3  p .  48) ,  i t  is possible that this 
species should not be  referred to Sozuerbyella . S.  subcorrugatella REED may 
be Congeneric with S. ? rosettana n. sp .  

Several specimens of S. ? rosettana n .  s p .  be longing to the Palaeontolo­
gical Institute of Uppsala were labelled » Leptaena trabeata? LINDSTRÖM >> . 

Examination of the original material used in the description of  Leptaena 
trabeata in Fragmenta Si lurica at the Riksmuseum ,  Stockholm , showed that 
this is qu i te another species .  Sozverbyella? trabeata LINDSTRÖlVI i s  larger ,  has 
a finer and more regular concentric structure, and d iffers from S. ? roset/aua 
also in interna! features. S. ? rosettana agrees better i n  s ize with Plect­
ambonites trabeata LINDSTRÖM var .  acuminata HOLTEDA I/L ( 1 9 1 6) from the 
Tretasp is (Trinucleus) Div is ion in Norway . C01nparison with HOLTEDAllL' s 
material shows that the wrinkles here ,  too ,  are finer and more continuous 
t han in  S. ? rosettana. The development of the  median region of S. ? ro­
s ettana n .  sp .  differs, however, from that of al l  the other forms men t ioned 
above .  

O c c u r r e n c e i n c o r e :- Common! y in  the fossi l iferous part of the 
Red Tretaspis Mudstone ( s o .60-44 .20  m) .  

R e g i o n a l  d i s t r i b u t i o n :- This  shel l  i s  known from different lo­
cal it ies for Red Tretaspis Mudstone in  V estergötland :  Jonstorp (Mösseberg) , 
Skogastorp (Plantaberget) , Kungslena (Varvsberget) , and from Red Tretaspis 
Mudstone  at Rödbergsudden , Östergötl and .  Shel ls  from the l atter locality 
are smaller, the largest specimens found in  the collections m easuring 4 X 8 
mm.  Shel ls near to this size were commonest . 

Sowerbyella ? sp .  i nd .  

A sma l l  shell w i th  Sowerbyella-l ike exterior has  been  met with a t  d if­
ferent lev els i n  the Red Tretaspis  Mudstone .  One  complete shel l  measured 
3 - 5  ( l ength ) X 6 (width ) mm. Either owing to bad preservation or  to faint  
development  of  the costae, little can be seen of the externa! ornamentation .  
There appear to be 5 primary radii and possibly some sl10rter radi i . There 
are on ly scarce indications of th reads. The mid-region of the ventral valve 
i s  s l ight ly gibbous. The specimens are probably nean ic .  Notb ing of  the 
interior is known .  
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Genus Christiania DAVIDSON. 

Christiania sp .  i nd .  

A smal l  Cltristicmia species is  regularly met w i th  in  the lowermost part 
of  the Red Tretaspis Mudstone  ( s o .9o-so .6o m ) . Its dimensions varies be· 
tween 7 mm ( length) X 8 . 1 mm (width ) an d 6 m m  X 6 m m . The valves have 
a slightly rough , only concentrically striated surface .  A faint but conspicuous 
sulcus in  the ventraJ valve reaches the anterior margin ,  making  this appear 
sl ightly b i lobate. No precise diagnosis of th is  species wil l  be given as Iong 
as the inter ior of other Cltristiania species remains so incompletely known , 
and the exterior of the species differs so l'ittle .  The same species as in  the 
core has been found at various local it i es i n  Vestergötland and in  Öster­
götland .  Cltristiania specimens rather l ike those from the Red Tretaspis Mud­
stone have been found at leve! 5 7 - S O  and levels 5 6 . 2o- 5 6 . 8o m in  the Green 
Tretaspis Shale .  They seem to be proportion ately sl ightly wider .  A single 
Cltristiauia specimen has been found in the Black Tretasp is  Shale ( 5 8 . 80 m) . 

Genus Schiz oramma FO ERSTE 1 9 1 2 .  
Schizoramm a sp .  i nd .  

P I .  X XIV, fi g s .  1 3- 1 6. 

M a t e r i a l : ·- Four ventraJ valves (on! y on e from the care) , showing 
the  exter ior only .  

D e s c r i p t i o n :- The ventraJ val  ve is subpyramidaL Outl in e tran sverse 
subel l i pt ical , strongly truncated posteriorly. Cardina l angles rounded.  H inge 
wide and strai ght .  Anter ior commissure rectimargi nate .  In terarea plane and 
s l ightly procl ine .  Beak not i n curved.  The delthyrium i s  open but constricted 
by lateral p lates, making th e opening narrmv and almost pa ral lel-s ided for the 
greater part of  its course .  As a resul t  of the development of  lateral plates , the 
strong teeth are situated some distance laterally from the margin ofthe open ing .  

Surface mult icostel late .  New costel lae ar ise by i mplantation .  Both cos­
tel lae and striae also cover the otherwise smooth i n terarea. Growth-l ines 
are ind i cated by faint  swell ings of  the costel lae .  Near the margin one or 
two growth- l ines seem to be  indicated by imbricat ion . 

D i m e n s i o n s  o f  v e n t r a J  v a l v e :  

Specimen l Length 
mm 

in l Width in l Hei
m
gh

m
t in l l mm Locality Collector 

bp. 5 332  4 l 6 ,l 3 l Core 3 5 . 56  m l 
�---�-�-:-�-�-�-�--�---�--��----�---�� ---�-: �--��-K-u_u_:_to-rp ____ �lc_-_· _H_E_N_N_:_N_c_s�-�-o.E-N� 

O c c u r r e n c e  I n  c o r e :- Leve! 3 5 . 5 6  m .  
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G R A P T O L O I D E A. 

It has not been possible to detect in the core the only graptolite men­
t ioned by LINNARSSON ( 1 87 1  p .  347) from the Tretaspis Series at Kinne­
kull e : Diplograptus pristis (His . ) .  

The graptolites described below are, however, a l l  from the Black Tret­
aspis Shale ,  whi le LINNARSSON records Diplograptus pristis (His. )  from 
the Green Tretaspis Shale .  Admittedly graptol ites (probably a Diplograptus 
sp . )  h ave been met with i n  the Green Tretaspis Shale of the core, but 
the ir  state of preservation has been too bad for determination . Even in 
the Black Tretaspis Shale the graptol ites have  not always been possi ble 
to identify .  

The greater part  of the graptoli tes have been determined by Dr .  P .  THORS­
Lt:ND.  

Family Dicran ograptidae LAP\\'ORTII  1 87 3 .  

Genus Dicellograptus HOPKINSON r 87  r .  

Dicellograptus johnstrupi HADDING 1 9 1  s .  

1 9 1 5  Dicellog·rajJtus jolmstrujJi H ADDING p .  24, p i .  I I I ,  tigs .  1 2- 1 8 . 

T y p e d a t a :-- As lectotype is here ehosen the !arg er of the four 
typical  specimens on  the s lab from Riseba:k, Bornholm, reproduced by 
HADDING (Pl. I I I ,  fig.  r 6) and belonging to the Geol . -Mi n .  Institute in  Lund .  

T h e  s t i p e s .-- For  the first 5 mm the sti pes d iverge w i th  an axil­
lary angle of 3 30°--3 1 0° . Often this part on ly is found .  Then the stipes 
make an outward bend with more conspicuous d ivergence .  The upper part 
shows a gentie convex curvature . In  one specimen the convex curvature 
starts right at the origi n .  In three specimens the stipes can be  traced for 
fu l ly 5 cm , and in one for 6 . 5 cm,  though in most spec imens the length 
varies from 0. 5 to 1 . 5  cm .  At the proximal end the stipes have a breadth 
of 0-4 mm or somewhat less . After 5 mm they have obtained a breadth 
of 0.8 mm. The longest specimens have a breadth of 1 . 3 mm at the d istal 
end .  The material is more or less compressed . The !east campressed spe­
cimens are somewhat more slender (obta in ing a breadth of only 0.7 mm 
after r o  mm) .  The longer stipes are usually twisted. 

T h e p r o x i m a l e n d :-- Specimens showing bot h reverse and obverse 
aspects are commonly found.  The si cula i s  not preserved in  i ts fu ll len gth 
in any of the specimens .  The vi rgel la is fai rly short, but usually quite 
conspicuous j ust as the spines of th .  r ' , I 2 , 2' and 22 •  In one case what is  
probably the apertural spi ne  of the s icula can be seen . The two proximal 
thecae grow almost horizontal ly ,  giv ing off a mesial spine not far below 

2 8-46595 · Bull. o f  Geol. Vol. XXXII. 
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Fig. 2 .  Dieel/ograptus .fohnstmj>i H ADDI NG. 
Reverse v iew of the proximal end of two spe­
cimens,  gr. 332 (above) and gr. 333 (below),  

from leve! 5 7 .70 m .  

the aperture (as do  also th . 2'  and 2 2) . The distance between th eir aper­
tures varies from I ·3 to 2 mm. The thecae develop as typ i ca! for Dice!!o­
grapti. Th.  z '  is quite Iong for a theca in  the proximal region (up to I . s  mm ) . 

T h e  d i s t a l  t h e c a e :- There are about  1 2  th ecae i n  the first I O  

mm. I n  the  larger specimens there are about 8 i n  r o  m m  a t  the  d istal end .  
Each theca is  2 . 5  mm Iong and overlaps for nearly one h alf i t s  length . 
The apertural excavation occupies about one thircl of the wiclth of the st ipe .  
The free ventra l  wall is curvecl , and the apertural portion i s  introverted . 

R e m a r k s :- The c o re specimens agree weil with Diee/lograptus jolm­
strupi described by HADDING from the zone of C!imaeograptus sty!oideus 
in Bornho lm ,  but  they often bear a sotnewh at greater resemblance to Di­
ee!!ograptus morrisi HOPKINS in its general form .  The earl iest developed 
thecae are, however ,  characteristically slender, not wicle as in  Diee/lograptus 
morrisi. (See text-fig. 2 . )  These two species are obv iously closely related . 
Diee/lograptus morrisi i s  reported from b lack Tretaspis shale i n  Dalarna 
(TIIORSLUI\ D  1 93 5  p .  48) and Jemtlancl (THORSLUND 1 940 pp .  84, 87 ) .  

O c c u r r e n c e i n c o r e :- In the Black Tretaspis Shale (62 .20- 5 7 .90 m) . 

Family Viplograptidae LAPWORTII r 8 7 3 .  

Genus Viplograptus McCov r 8 s o  s .  s .  

Subgenus Ortb ograptus LAPWORTH 1 87 3 .  

Viplograptus ( Orth ograptus) cf. truncatus LAPWORTH r 8 7 7 .  

1 877 Diplo,:;rajJtus trrmcatus - LAPIVORTH,  p .  1 3 3 ,  p l .  V I ,  fig. 1 7 .  
1 907 Diplograptus ( Ortlwgraptus) tnmeatus, LAPWORTH - E LLES & Woon, p .  232 ,  

p l .  XXIX ,  figs. 3 a-e. 
1 9 1 5  Diplograptus trunea/us, LAPWORTH - H AD D I N G ,  p .  1 4 , p l .  I I ,  figs.  4-7 . 

D e s c r i p t i o n :- Fragments, probably belonging to Diplograptus trun­
eatus LAPWORTII ,  are not u n common in  the Black Tretaspis Shale .  One  
rhabdosome could be  tracecl for 2 . 5  cm . In I 5 mm i t widened from 1 . 2 to 
more than 3 mm. The thecae are never weil preservecl, but seem to w ielen 
at the edge of the aperture ,  overlapping for une half the total length . The 
apertural margin is  s l igh tly concave ; excavation inconspicuous .  The thecac 
h ave a length of almost 3 mm, and h ave a general incl inat ion of more 
than 30° ; 8-9 i n  ro m m .  
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R e m a r k s :- This form is  samewhat smaller t han the British on e 
(zones of Dicranograptus clingani and Pleurograptus linean�r) , but agrees 
weil with th e form described from Bornholm and Scania (zone of Clima­
cograptus st),foideus) . 

Viplograptus ( Orth ograptus) truncatus pauperatus ELLES & Woon 1 907 .  

1 907 Dzp!ograptus ( Orthograj!tus) truncatus, LAPWORTH var. f!auperatus - E LLES & 
WOOD, p .  237 , p i .  XXIX, figs. 5 a-d.  

1 9 1 5  Dzplograptus tnmcatus LAPW. var. f!auperatus, LAPW. mscr.  - HADDI]'I;G ,  p .  I 5 , 
p i .  I I .  figs. 8-1  1 .  

T h e s t i p e s :- All th e specimens seem t o  b e  fragments o n  ly. The long­
est fragment with proximal end preserved measures r r mm. The Jongest 
fragment without proximal end is  2 r mm Iong .  As ful l  breadth , almost 
2 mm, is obtained after 5 mm , the polypary may at !east reach a length 
of  26 mm.  

T h e p r o x i m a l e n d :- This  is preserved in  th ree  specimens, all 
showing  the obverse side. The breadth is r mm. The sicula is  free for 
ful l  y r mm til l  i t is concealed by th . 3 ' . The v irgella can be traced for 
n ear ly r mm. A short apertural spin e can also be  seen .  The thecae r I and 
r 2 are developecl as is  normal in Diplograpti. Th. r I gives off a spine 
some l i t t le clistance below the aperture ,  w h i le th .  r 2 gives off another where 
clirect upwarcl growth commences . These mesial spines coulcl also be traced 
for about r mm. No septum makes i ts appearance unti l  five thecae have 
clevelopecl on each side. 

T h e t h e c a e h ave a length of  r . 8- r . 9  mm and overia p for on e h alf 
their extent .  They wielen throughout, somewhat abruptly immecliately un eler 
the  apertural margin ,  reach ing a width of  0 .6  mm. In bi -profile v i ew they 
have an i ncl in ation of about 3 5 ° , and there are r o- 1 3  thecae in  ro mm. 
The apertu ral margins are  everted , sl ightly concave as  they transgress a 
l i ttle upon the wall of the theca immediately above. The excavation is 
fairly i n conspicuous.  Growth-l in es are weil  marked (abou t  1 7  in  one theca) . 

R e m a r k s :� This form agrees weil with the Brit ish form from the 
zones of  Dicranograptus clingani and Pleurograptus linearis, but seems to 
be samewhat larger than the specimens from the zone of Clz11wcograptus 
styloideus i n  Bornholm . 

O c c u r r e n c e  i n  c o r e :- In the Black Tretaspis Shale .  Leve! 5 7 .6  m .  

Diplograptus ( Orth ograptus) quadrim ucron atus (HALL) r 86 5 .  

1 865 GraptolitlUts quadrimucronatus - HALL ,  p .  1 44 , p i .  XIII ,  figs .  I - J o. 
1 907 DijJ!ograjJtus ( Orthograptus) quadrimucronatus, HALL - E LLES & WOOD p. 2 2 3 ,  

pi .  XXVI I I ,  figs .  1 a-d.  
1 9 1 5 Diplograptus quadrimucronatus, HALL - H ADDI NG, p .  1 2 , fig .  3 ·  
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D e s c r i p t i o n :- Rhabdosome mo re than 7 cm in  length , widening gradu­
ally within I 5 mm from I ·3 mm to a breadth of about 3 mm,  which is 
then maintained .  Sicula 1 . 5  mm Iong.  Thecae I O- I  I i n  I O  mm, having a 
length of 2 mm ,  and overlapping for somewhat less than half their extent .  
Apertural margins sl ightly lobate, both outer an gles furnished wi th  stiff 
proj ecting spines .  In  symmetrical v iew the thecae have a general inclination 
of  fully 20° . In other v iews the spines are often i nvis ible .  

R e m a r k s :- This form agrees weil  with the Brit ish form (zone of 
Pleurograptus linearis) as weil as with the form from Bornholm and Scan i a  
(zone of Climacograptus stylozdeus) . 

O c c u r r e n c e  i n  c o r e : - In the Black Tretaspis Shale (62 . 7 -·62 .6  m) .  

Genus Climacograptus HALL I 86 5 .  

Clim acograptus styloideus LAPWOIZTH 1 87 8 .  

1 8 78 Climacograptus styloideus - LAPWORTH, p .  3 30. 
1 906 Climacograftus styloideus, LAPWORTH - E LLES & WOOD, p.  205 , p i .  XXVII,  figs . 

9 a-e. 
1 9 1 5 Climacograj;tus styloideus, LAPWORTH - H ADDING, p. 2 1 ,  p i .  I l ,  figs.  20-27.  

D e s c r i p t i o n :- Rhabdosome ,  traced up to 2 cm,  widens qu ickly 
from 0 . 8  mm at its origin to I .8 mm .  Sicula not observed . Virgella traced 
for more than I mm.  Thecae overlap for a very small fraction of  their 
extent ,  about IO i n  IO mm,  fully 1 mm i n  length . The excavations are 
sl ightly oblique and i ncl in ed downwards and inwards . 

R e m a r k s :- The specimens in the core d iffer from the Brit ish form 
(zone of Pleurograptus linearis) through their smaller s ize ,  but agree very 
weil with the Bornholmian form (zone of  Climacograptus styloideus) . The 
species is  also reported from black Tretaspis shale in  Dalarna (THORSLUND 

I 934 p. 48) and in Jemtland (TIIORSLUND I 940 p. 2 2) . 
O c c u r r e n c e i n c o r e : - In the Black Tretaspis Shale ( levels 62 . 8  

and 62 . 1 m ) . 
Clim acograptus cf. minim us (CARRUTIIERS I 868) .  

1 868 Dij;lograj;sus minimus - CARRUTHERS,  p. 1 2 5 ,  p! .  V, figs .  1 2  a-b. 
1 906 Climacograj;tus minimus, CARRUTHERS E LLES & WOOD, p .  1 9 1 ,  pi .  XXVII ,  

figs .  1 a-g.  

A tiny Climacograptus i s  met with at several horizons of the Black 
Tretasp is Shale .  The longest rhabdosome reaches a length of 9 mm and 
a breadth of  1 - 4 mm .  The rounded proximal end has a breadth of less 
than I mm,  but widens i n  four mm to 1 . 3 m m .  Sicula v is ible for I m m  
of length ; v i rgella conspicuous ; v irgula d istally prolonged . Basal the c a  e 
adorned with short spines somewhat below the apertures. Length of thecae 
about I mm. Owing to their unfortunately compressed state, l i ttle more 
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can be said about the thecae. The apertures seem to be s ituated in deep 
excavations . The septum originates at once between th . 2' and t h .  22 •  

R e m a r k s :- The breadth of this form l ies between the breadth of 
Climarograptus miuitmts CARR. (nearly 2 mm) and that of Climarograptus 
brevis E. & W. (up to about I mm, as a rule rather less) . The compact 
and rounded-off appearance of the proximal end points towards C. minimus. 
C. minimus is  found in the zone of Dirranograptus clingani and Pleuro­
graptus linearis in Scotland , and is also reported from the black Tretaspis 
s hale in Dalarna (TIIORSLI.JND I 934) .  C. brevis occurs in the zon e s of 
Nemagraptus gracilis and C. peltifer i n  Britain ,  but  is reported from the 
zones of Dirranograptus clingani and C. styloideus i n  Bornholm by HADDING. 

Family Leptograptidae LAPWORTH I 879 ·  

Genus Leptograptus LAPWORTII I 8 7 3 ·  

Leptograptus flaccidus m acer ELLES & WooD I 903 .  

1 903 Lejtograptus jlaccidus var. macer - ELLES &: \VOO!J, p .  r r o, p i .  X V ,  figs. 2 a-i . 
1 9 1 5  Leptog-raptus jlaccidus var. macer, ELLES & WOOD - HADDING,  p. 2 5 ,  pi .  I I I ,  

figs .  20-23 .  

Only fragments have been found .  One stipe could be  traced for more 
than 4 cm from its ongtn ,  its breadth here be ing c .  0.2 5 mm . The greatest 
breadth observed was 0.6 mm. The thecae are badly preserved and the 
s icula is broken off; but the characteristic oblique look of the  proximal 
end, the wide angle (2 20°- I 90°) and the tenu i ty of the stipes pennits 
on e to place this form in  Leptograptus flarrzdus marer E. & W .  

R e m a r k s :- The British form occurs in  the zone of  Pleurograptus 
linearis and the Bornholmian and Seanian one in the zone of Climarograptus 
styloideus. 

O c c u r r e n c e  i n  c o r e : - In the Black Tretaspis Shale ( level 62 .6  m ) . 

TRILO BIT A. 

Only the Tretaspis specimens in  the core have been the obj ect of a 
closer examinat ion,  in  order to campare them with the subspecies estab­
l ished by ST0RMER . The material is, however, not very good. This is even 
more the case with the other trilobites , and as these are scarce in the core, 
no  detailed description of these species wil l be given here. 

Besides the species occurring in  the core th e fol lowing tri lobites have 
been found in  the Green Tretaspis shale at Kinnekulle ,  according to LJN­
N ARSSON ( r 869) : Pltarops remrvus LINN . ,  Dindymene ornata LINN. ,  Aczdas­
pis sp . and Calymme sp .  
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Genus Tretaspis McCov I 849 . 

Tretaspis seticornis seticornis (HISINGER I 84o) , emend.  ST0RMER I 945 · 

1 S4o Asafilms seticornis - H IS INGER,  p. 3 ,  pi .  XXXVII ,  fig. 2 .  
1 8 5 1 -5 4 Trintteletts seticornis, H IS .  - ANGELIN ,  p .  84 , p i .  XL ,  fig .  l O. 
I 8 S I-S4 Trinucleus ajfinis - ANGELIN,  p. 84 , p i .  XL ,  fig. 20, 2 1  e ?  
1 930 Tretasflis setirornis, HISINGER - ST0R�IER,  p .  S S ,  fig. 27 ; p i .  7 , figs.  1 - I S ;  pi .  8 ,  

figs. 1 -6, p i .  I l , figs. 1 -7 . 

1 936 Tretaspis seticornis, H isiNGER - ASKLUND, p. 4 , p i .  I, figs.  1-6 .  
1 945 Treta.1jll:> setiwnzis (HIS I NGER 1 840), forma typica - ST0Ri\!ER pp.  40 1 ,  406, text­

tig. 4 , pJ . J ,  fig. I .  

T y p e  d a t a : -- As stated by ST0RMER ( I 94 S )  a lectotype has to be 
ehosen from HISINGER's cotypes, or from specimens deriv ing from the black 
Tretasp is Shale at Furdal or Draggå, Dalarna .  

M a t e r i a l : - I 2 mo re or less campressed and fragmentary cephala 
and a few fragments of the pygidium and thorax. Minute fragments proh­
ably belonging to th is  form are very common . 

D e s c r i p t i o n :- C e p h a l o n . None of  the I 2  specimens are quite 
com plete, even when the gena! prolongati ons are not considered. The g i rder 
of the lo;ver Iamella is very prominent .  In al l  specimens the glabella is  
bacl ly preserved. The cheek lobes have lateral eye-tuhereles that are but  
l ittle elevated. The yoU11ger spec imens have a reti culated surface both 
on glabella and cheek lobes. The width of the cephalon varies from 8 - I  5 
mm, though campressed specimens give the impression of  h aving a width 
of up to 20 mm.  The brim has radial sulc i  with two rows of pits .  If I .  
elenates the number of p i ts along the  posterior margin i n  the prolongation 
of  the occipital segment, II .  across the fringe along the median I ine in 
front and III .  across the fringe in front of the dorsal furrow, the pit ind ices 
of  the core material are : I =  6-7, II = 3, III = 4·  In 1 945  ST0RMER 
establ ished t wo varieties of Tretaspt�'i seticornis beside the forma typica. All 
the specimens that allowed a study of the characteri st ic details beton g to 
his forma typica. 

P y g i d i u m :  On ly two fragments of a ny considerable s ize have been 
found ; a smaller one (complete probably 7 X 3 mm) and a larger one (com­
plete probably I O  X 4 mm ) . The frontal part of  the rachis is not preserved 
in the former, while the latter shows 7 pairs of muscle-scar anterior to the 
posterior band.  

O c c u r r e n c e  i n  c o r e : - S9 · S S-so. so  m,  that is i n  the  Black and 
Green Tretaspis Shale  and i n  the lowermost beds of the Red Tretaspis 
Mudstone .  

O c c u r r e n c e e l s e w h e r e :  T. se ticorms is reported from al l  over  the  
north of  Europe .  The subspecies seticornis i s  h i therto known from different 
local it ies in Vestergötland,  from black Tretaspis shale in Dalarna,  and i n  
Norway from t h e  Lower Tretaspis Shale  (4 coc) , Hadeland .  
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Tretaspis gran ulata bucklandi (BARRANDE I 8 5 2 ) ,  emend.  ST0Rl\1ER 1 930 .  

1 8 5 2  Trinudeus bucklandi BARRANDE,  p .  :26 1 ,  p i .  29 , tigs .  1 0- 1 7 . 
1 869 Trintteletts Wahlenbergi ROUAULT - L IN NARSSON,  p. 34 . 
1 906 Trinucleus bucklandi BARR.  - O I.I N ,  p .  66, p i .  4 , fig. 1 .  

Trimtdeus elliptifrons, O LIN ,  p . 68 ,  p i .  4 , fig. i � 
1 930 Tretaspis gnmulata CWA H LB. )  var. bucklant/i (BARR. )  - ST0R M ER ,  p. 70, figs. 30, 3 I .  
1 945 Tretaspis gramdata (vVAHLE!\ BERG) var. bucklandi (BARRANDE), emend.  ST0R MET' 

1 930 - ST0RMER,  p .  40 1 .  

T y p e  d a t a :  A s  stated by ST0R!IIER ( 1 94 5 )  a lectotype has to be ehosen 
from the Bohemian specimens (Bed D5) described by BARRANDE . 

M a t e r i a l :- More or less campressed fragments, especial ly of the 
cephalon . 

D e s c r i p t i o n :- C e p h a l o n .  Fringe narrow. Pits i rregularly arranged. 
There are 3 rows of pits on  the cheek roll ,  but in  at !east one spe­
c imen the inner row i s  div ided i nto two rows of smal l  p i ts i n  radia l  sulc i .  
In the few cases where the p i t  indices could be  determined,  they agree 
with those given by ST0RMER ( 1 930 p. 7 7 ,  1 94 5  p. 40 1 ) .  Owing to deforma­
tion , the size is  d ifficult to tel l ,  but one specimen ind icates a width of  22 mm . 

P y g i d i u m a n d t h o r a x .  Only smal l  fragments h ave been met with . 
O c c u r r e n c e  i n  c o r e :- 47 . 7 5 -44-45  m in  the Red Tretaspis 

Mudstone .  An isolated occurrence of Tretaspis grantdata possibly subsp .  
bucldmzdi (fragments of  several specimens ) was found as low down as at  
leve! 5 5 - 5 5  m in  the Green Tretaspis Shale (see p .  3 7 8) .  

O c c u r r e n c e  e l s e w h e r e :- Sweden : Red Tretasp is Mudstone ,  differ­
ent locali ties i n  Vestergötland ; Tretaspis Shale ,  Scania.  - Denmark : Tret­
aspis Shale, Bornholm.  - Bohemia : D5 •  

Other Recorded Trilobites.  

LoJtclwdomas tetragoJtus ( ANGELIN r 8 5 r ) . Several cephalae and pygi­
diae in the Red Tretaspis Mudstone .  It has as yet not been proved that 
this species is the same as that w hi ch BARRANDE ( r  846) n a med Ampyx 
Portlod.:i from Bohemia .  Poorly preserved fragments of  Lonc/wdomas sp .  
have also been  found  i n  the  Black and Green Tretaspis Sha les .  

Dimzide eug!ypta ( ANGELIN r 8 5 r ) .  On e complete, bu t poorly preserved 
specimen was found in  the Red Tretasp is Mudstone at leve! 47 . 80 m.  

Trinodus cf. trinodus (SALTER r 866) . Cephalae and  pygidiae occur in  
the Black, Green and Red Tretaspis Beds. 

Triartlzrus sp .  A fragment of  a cranid ium was found i n  the Black Tret­
aspis Shale (leve! 62 . r o  m) . 

Caplzyra cf. radians BARRAKDE I 846 . Parts of  cephalae and of thoracic 
segments, finely preserved,  were found  in the Black Shale at leve! 6 1 .90 m. 

lllaozus megalopfttftalmus (LINNARSSON r 869) . Cephalae and pygidiae are 
regularly met with in the Red Tretaspis Mudstone. 

lllaenus s p .  (PI . II ,  fig. 1 ) .  A rather interesting pygidium from leve! 
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46 -48 m in  the Red Tretaspis Mudstone shows 4 well -defined pairs of muscle 
scars on the sides of the pygorachis .  Length 6 . 5 mm, width 9 · 5  mm.  A 
similar pyg idium (Red Tretaspis Mudstone ,  Skogastorp ,  Vestergötland ) be­
langs to the  collections of the Palaeontological Institute in Uppsala .  

Phillipsine/la cf. parabola (BARRANDE I 846) . Cephalae and pygidiae are 
regularly met with in the Black and Green Tretaspis Shales .  They are 
usually rather smal l .  

Cybele verrucosa DALMAN I 828 .  Fragments of this tri lobite are charac­
teristic fo r the Red Tretaspis Mudstone .  

Dalmanitina mucronata (BRONGNIART I 822 ) .  A pygidium was found in  
the  grey sandstone at leve! 3 5 -4 5  m.  

Pseudospltaerexoclms sp .  A fragment of a cephalon occurred at leve] 
5 5 .  I m in  the Green Tretaspis Shale .  

O S T R A C O D A .  

Since LINNARSSO-"' described two ostracods from the Tretaspis beds of 
V estergötland in  I 869, no ostracods from these beds have been stud i ed .  
When the core was spl i t  up ,  i t  was soon found that ostracods occurred 
abundantly. I 4  different species could be  distinguished, among these Lm­
N ARSSON 's  Primitia tenera . The other species, w h i ch h e described as Fri­

mitia sirangtdata SAL TER, could not be found,  though he  reports i t from 
Kinnekulle. Probably TROEDSSON i s  right when he  states that P. strangulata 
had become a col lective name for younger, primitia-like ostracods. In that 
case >> P. strangulata » may have included such forms as Bromidella !imzarssoni 
n. sp .  The I 4  species dealt w ith here do not  represent all the ostracod­
species occurring in  the Tretaspis beds at Kinnekul le .  Fragments and poorly 
preserved specim ens seem to suggest at ! east three more species .  

Orientation .  This follovvs E. TRIEBEL I 94 1 . In h is  thorough work he 
shows that i t  i s  most reasonable to assume that the sulcus (showing the 
s i te  of the contraction muscles) is situated in  front of the m iddle (p .  3 I 6) 
and t hat the great maj or ity of the sp ines point backwards (p .  3 5 3 ) .  Mo re­
over ,  the polarity of the marginal fri i ls (p. 349) may be used as a support 
for determin ing the orientation . 

In the following the central area is spaken of i n  opposition to the 
marginal area or border along the free margins .  Sametimes the surface is 
markedly steepest in  a narrow band just ins ide the depressed marg inal  
barder ,  thus making i t  poss ible to distinguish between a marginal horder, 
a marginal slope, and a central area. In other cases the marginal border 
and central area are separated by a concentric gro o ve ( Conchoprimitia), a 
concentric ridge (Drepanella a . o . ) , or a velum ( = false horder, fri Il ) as in  
Rromzdella. 

Taxonomy. This follows E .  A. SCHMIDT I 94 1 .  
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The writer wishes to thank his friend Dr .  IVAR HESSLAND for his i n ­
terest i n  and valuable advice regarding the  description of these ostracods . 

Superfarn. Beyrichiacea ULRICH & BASSLER I 92 3 .  

Fam. Primitiidae ULRICH & BASSLER 1 92 3 .  

Subfam.  Primitiin ae BASSLER & KELLETT 1 934 ·  

Genus Primitiella ULRICH & BASSLER 1 92 3 .  

Primiiiella ten era (LINNARSSON r 869) . 
1 869 Primitia tenera - Ll!"'NARSSON, p. 8 5 ,  p i .  I I ,  fig. 70.  

1 9 1 8  l'rimitiella tenera LNRSN. - TROEDSSON, p .  4 7 ,  pi .  l l ,  figs. 1 -J .  

T y  p e d a t a : - I t has not been possible to fin d a ny Primitiella temra 
specimens col lected by LINNARSSON from the type stratum and local ity i n  
t he  col lections i n  Uppsala and  Stockholm.  A neotype should therefore be 
col lected from Red Tretaspis Mudstone at J ettened ,  Mösseberg, Vestergötland . 

O c c u r r e n c e i n c o r e :- Separate valves of this ostracod are found 
in  great numbers i n  the Black ,  Green and Red Tretaspis beds of the core . 
They agree wei l  w ith the or iginal description by LINNARSSON and also 
with the detailed description by TROEDsSON of his specimens from the 
Staurocephalus Shale and th e Brachiopod Shale i n  Scan ia .  

Genus L accoprimitia ULRICH & B ASSLER 1 92 3 .  

Laccoprimitia ? bin adosa n .  sp .  

PI .  XXV,  fig .  1 .  

D e r i v a t i o n o f n a m e : - The name refers to the f act that there a r e  

two nodes on each va l ve .  
H o l o t y p e : - ar .  os .  98 (a right va l  ve) . 
T y p e l o c a l i t y :- Kinnekul le ,  V estergötl an d .  
T y p e  s t r a t u m :- Red Tretaspis Mudstone .  (Core leve! 44 -4  m) . 
M a t e r i a l :- A nu m ber of separate val v es .  
D i a g n o s i s : - An elongate primit ian ostracod with a p i t  and two 

nodes on each valv e ;  one node in  front  of the  pit ,  the other postero­
ventral ly. 

D e s c r i p t i o n :- Valves elongate, about twice as Iong as h igh .  Binge 
straight. Dorsal margin straight ; free margins regularly curved, ends subequal , 
ventral margin nearly straight , almost parallel to dorsal margin .  Posterior 
part of valve s l ightly higher than anterior .  Valves evenly and moderately 
convex. A distinct node i n  front of a well-defined p i t .  Another ,  s l ightly 
pointecl node near the margin where th e posterior and v entral free m argins 
meet .  Valves probably s imi lar ; contact seems p lane .  Surface in  wei l -preserved 
specimens minutely gramdate and sli ghtly warty. 
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D i m e n s i o n s :- Holotype :  Length 1 . 2 mm,  length of b inge 1 .0 mm,  
h eight o .6 5 mm .  

D i s c u s s i o n : - The  generic reference o f  th is species is  uncertai n .  
The p i t  suggests Laccoprimitia, but  according to  the  original diagnosis this 
should not have surface nodes. The absence of a border along th e free 
edge of the va lves po ints  towards Haploprimitia, while the  cut l ine of the 
shel l  is Primitiella-l ike .  SWARTZ ( 1 936  p .  368) describes a species ,  Primi­
tiel/a (?) ventricosa , with a rather similar arrangement of the nodes. The 
position of the nodes i n  Laccoprin·u"tia ? binodosa n .  sp .  further reminds one 
of Ctmobolbina rara TROEDSSON ( r 9 r 8) from the Brachiopod Shale in 
Scania .  1-accojn·imitia? binodosa n. sp .  differs , however, in having no signs 
of a seeond sulcus. TROEDSSON bases h is  species on one specimen only, 
a somewhat defective right valve .  The secondary sulcus and the low ele­
vation between the sulci in  this specimen may be ascribed to compression . 
This is the more possib l e  as TROEDSSON states that a furrow surround ing 
the anterior node has been eaused by the depression of the node .  Jt is  
thus possible that Ctenobolbina mra TROEDSSON and Laccoprimitia ? binodosa 
n .  s p .  can be  proved to be synonyms .  

O c c u r r e n c e  r n  c o r e :- Rather l imited , between 46 . 2  and 44 .6  m,  
tha t  is a t  the  top  of the  fossi l iferous part of th e Red  Tretaspis Mudstone .  

Laccoprimitia ? nigra n .  sp .  

PI .  XXV, fig .  2 . 

D e r i v a t i o n o f n a m e : - From Latin mger, black, 111 v 1ew of its 
abundance in black shale .  

H o l o t y p e :- ar .  os .  99· 
T y p e  l o c a l i t y :- Kinnekull e ,  Vestergötland .  
T y p e s t r a t u m :- Black Tretaspis Shale .  (Core leve! 5 7 · 5 5  m . ) 
M a t e r i a l :- A great number of separate val ves ,  more or less com­

pressed . 
D i a g n o s i s :- A smooth ostracod with sl ightly leperditoid outl i n e  

and  a usually not very distinct p i t  in i t s  lower end .  The  p i t  is better de­
veloped on interna! moulds .  

D e s c r i p t i o n :-- Outl ine truncate ell iptica l ,  slightly leperditoid . Hin ge 
straight. Valve rather smoothly convex, though i t  is  usually possi ble to 
discern a very shallow depression in front (?) of a (centrally situated) sl ightly 
elevated an d rounded area. A thin depressed border is  seen along the free 
margins .  The interior mould often shows a fairly well-defined pit ,  though 
i t  may also be  absent .  In some cases this pit marks the lower end of a 
narrow sulcus-l ike depression . The position of the pit  falls within the  area 
of th e depression of the exterior of the valve ,  and sometimes the p i t  is 
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developed here, too.  The surface seems to be smooth , but i t  is sometimes 
seen to be finely uneven . Shel l  rather th in .  Valves probably s imi lar . 

D i m e n s i o n s : -
r.ength H i nge Height L/H 

L arge specimen r . 4 mm l .  O mm l .  I mm I .  J 
H olotype I .  l 0.6 » o.6 > •  r . 8 

Smal l e r  specimen . . 0 .9  ,, 0- 4 5 ,. 0- 4 5  » 2 .0 

Small specimen . o. s O.J  ,. O. J ,. I . 7 

D i s c u s s i o n :- The generic posit ion of this species is uncertain .  The 
pit ,  though usual ly not developed on the exterior of the valve ,  but often 
on the interna! mould ,  may be campared with the pit of Laccop1'imitia . As 
the pit in  Laccoprimitia ? nigra n. sp. i s  situated in its lower end ,  th is would 
involve that this end should be  considered the anterior. Usually th e sulcus 
or  pit of the pr imitian ostracods is s i tuated in  the h igher end. In the le­
perditians, however, the anterior end is  the lower. Laccoprimitza? nigra n. sp. 
may be campared with Laccoprimitia subcentra/is BOUCEK 1 9 3 6 ,  which 
has a dark-coloured muscular depression in  the lower end of the valve.  

O c c u r r e n c e i n c o r e :  - Very common in the Black Tretaspis Shale .  

Fam. Drepan ellidae SwARTZ 1 9 3 6 ,  emend . ScrJI\I IDT 1 94 1 .  

Subfam. Ulrichiin a e  Sci-l \llDT 1 94 1 .  

Genus Ulrichia JONES 1 8 90.  

Ulrichia m aeron adosa n .  sp. 
PI. XXV, fig. J .  

D e r i v a t i o n o f n a m e : ·- The name r e  f ers t o  the f act that, i n  relation 
to the shell , the two nodes are larger than usual .  

H o l o t y p e  :- ar. os .  94· 

T y p e  l o c a l i t y :- Kinnekulle, Vestergötland .  
T y p e  s t r a t u m :- Red Tretasp is Mudstone .  (Core leve! 5 5 - 4 m . ) 
M a t e r i a l : - One left and one r ight valve .  
D i a g n o s i s :- Like U!ridtia morgani JONES I 890, bu t with the two 

nodes relatively much larger, so that th ey fil l  the greater part of the area 
ins ide the raised r im.  

D e s c r i p t i o n :- Outl ine truncate el l iptical . Shel l  a l i t t le  h igh er an­
teriorly than posteriorly. Binge straight .  Paral le l  to the free margin a swollen 
rim. Two oblong nodes till most of the area ins ide this rim .  The anterior 
node i s  s lightly larger than the posterior . The upper, bluntly pointed ends 
of the nodes hardly protrude over the b inge .  The anterior node points 
sotnewhat backwards , while the posterior i s  almost vertical .  In one of the 
specimens a smaller node i s  s ituated between and partly below the bases 
of  the two main nodes. Between the nodes there i s  an undefined central 
depression . Surface sl ightly granulate. 
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D i m e n s i o n s : - Holotype :  Length 0.6 mm, binge 0. 5 mm, height 
0 -45 mm. 

R e m a r k s : - Resembles s u ch Ulrichia spec ies as U. morgani ]ONES 
from th e Bala Beds, North ·wales. 

O c c u r r e n c e  i n  c o r e :- The left valve from 5 5 -4 m leve! in  the  
Green Tretaspis Shale ,  th e r ight  va lve  from the 50 . 50  m leve! in the Red 
Tretasp is Mudston e .  

Subfam. Aechminin a e  BoUCEK 1 936 ,  emend.  SCHMIDT 1 94 1 .  

Genus A echmin a ]ONES & HOLL r 869. 

Aechmin a sp. ind .  

Four poorly preserved Aecltmina specimens have been found in the 
core .  They are all of the type with a rather Iong and slender spine .  The 
spine seems to inc l ine a l ittle . The valves are without ornaments and are 
h ighest in front of the spine .  The length of the best  preserved specimen 
seems to be  0 .6 mm and the height (without spine) 0.3 mm.  The spine is 
broken off in  this specimen , but can be  traced for 0 -4 mm in another. 

O c c u r r e n c e  i n  c o r e : - Two specimens i n  the Black, one in  the 
Green , and one in the Red Tretaspis beds. 

Subfam. Drepan ellin ae ULRICH & BASSLER 1 92 3 .  

Genus Kin n ekullea n .  gen . 

D e r i v a t i o n o f n a m e :- The genus Is named after Kinnekulle m 

Vestergötland .  
G e n o t y p e : - Kinnekullea zuaernz n .  gen . & n .  sp .  
D i a g n o s i s :-- Valves wi th  straight b inge .  No fri l l  or » brood pouch » .  

A n  arcuate ridge runs subparallel to and weil inside the anterior free margin .  
In i t s  dorso-anterior end  it is  more or less connected w i th  a node  or  sp ine .  
Backwards the ridge may extend subparal lel to the whole of the free margin .  
The  ridge, sometimes connected with a marginal s lope,  always marks the  
boundary between the  central and  marginal areas . Where the  ridge i s  
missing, the  marginal s lope alone may separate these areas . The  ridge may 
be well-defined or low and swollen .  

R e m a r k s :- This genus  has  a r id  ge ,  subparall e l  to the free margins, 
as has the genus Drepanella. The ridge in Kinnekullea does not ,  however, 
proj ect beyond the b inge I ine as in  Drepanella, nor has i t  a mainly ventraJ 
situation as i n  Scojieldia. \Vhi le  there are 2-7 nodes in the central and 
dorsal region in Drepanella, there are 2 or only one in Kimzekullea, the 
anterior showing a tendency to become spine-l ike and more or less connected 
with the ridge. The small size of the Kinnekullea species also differs from 
the typical species of Drepanella {carapace about 2 . 5  mm long) . The r idge 
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seems, however, to j ustify that Kinnekullea be placed i n  the Drepanell idae, 
more precisely in the Drepanel l inae ,  which i n clude i.a .  Drepanella, Sco­
jieldia, and :fonesella. When two nodes are present , the valve of Kinnelmllea 
may produce an Ulrichia-like appearance. In this connection i t is  of interest 
to remember that Scr-IMID'r ( 1 94 1 )  erects a new subfamily Ulrich i inae , which 
he  places i n  th e Drepanell idae. 

Kinn ekullea waerni n. gen . & n. sp. 
PI. XXV, fig. 4· 

D e r i v a t i o n  o f  n a m e : ·- The species i s  narned i n  honour of B .  WA�RN . 
H o l o t y p e :- ar. os .  96 (a left valve) . 
T y  p e l o c a l i t y :- Kinnekul le ,  Vestergötland.  
T y  p e s t r a t u m :- Black Tretaspis Shale .  (Core leve!  56 . 9 5  m. ) 
lVI a t e r  i a l :-- Several weil -preserved separate val  ves. 
D i a g n o s i s : - A Kinnekullea with on e sp ine- l ike n ode,  and the rid ge 

nmning subparallel to the whole of the free  margins .  
D e s c r i p t i o n :-- Outl ine truncate el l iptical ; b inge straight ; dorsal 

margin straight, j oin ing free marg ins  with obtuse angularity ; free margins 
regularly curved, ends subequal .  A well-defined arcuate ridge, subparallel 
to free margins ,  separating steep and fairly broad marginal area from central 
area of valve .  The ridge, represent ing a th icken ing  of the sh ell ,  is not 
v is ible on  i n terior moulds .  Its place ,  however ,  i s  marked by a step between 
the central and marginal areas . In campressed specimens the ridge appears 
to have a more central position ,  owing to the flatten ing of the marginal 
area. The anterior end of the r idge r ises into a sl ightly bulbous spine, 
point ing postero-dorsally and a l ittle out from the valve ,  but hardly pro­
j ecting beyond the h inge .  An extremely faint  node in  the posterior half of 
the valve may sometimes be distinguished.  The fa in t  depress ion between 
this » node » and the bulbous spine may represent the sulcus. Valves proh­
ably s imilar ; contact seems plane .  Surface smooth. 

D i m e n s i o n s :-- Holotype : Length 0 .9 mm, length of b i nge 0. 7  mm, 
he ight  0. 5 mm. 

O c c u r r e n c e  i n  c o r e : - In the Black, Green , and lowermost part 
Df the  Red Tretaspis Beds. 

Kinn ekullea h esslandi n .  gen . & n .  sp. 
PI.  XXV, fig. 5 ,  6.  

D e r i v a t i o n  o f  n a m e :- This species is  named m honour of I . 
HESSLAND. 

H o l o t y p e : - ar. os .  9 5  (a left valve) . 
T y p e  l o c a l i t y : - Kinnekulle , Vestergötland .  
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T y  p e s t r a t u m :- Glauconit ic mariston e at the base of the Black 
Tretaspis Shale .  (Core leve! 6 2 . 8 7  m. ) 

M a t e r i a l :- A small  nu  m ber of  separate valves. 
D i a g n o s i s :- A Kinnekullea with two n odes, the rid ge extending 

posteriorly subparaHel to the ventrat margin to a point be low the posterior 
n ode .  

D e s c r i p t i o n :- Outl ine  truncate el l iptical ; h inge straight ; dorsal 
margin straight, j o i n i ng  free margins with obtuse angularity ; free margins 
regularly curved, ends subequal .  Two nodes near the dorsal margin with 
a sulcus-l ike depression between them . The posterior n ode is blunt and 
has almost a centro-dorsal posit ion .  The anterior node is bulbous and w ith 
a small spine point ing postero-dorsally. Just in front of the anterior sp ine ,  
and sometimes connected with i t ,  is the anterior end of the well -defined 
ridge which is  subparaHel to the free margins and runs as far back as to 
a point  below the posterior node .  The marginal area outside the ridge 
is  rath er steep, and so is  the margin dorsally to the nodes. Th e sculpture 
of the valves is thus mainly confined to the anterior half; the posterior hal r  
being smoothly convex . Sometimes , apparently mostly i n  the larger specimens,  
the sculpture is somewhat effaced, especial ly the ridge, which becomes lower 
and more step-l ike ,  and at the same t ime broader .  (As in th e holotype . )  The 
same  is  true of the interior moulcls .  Valves probably similar ; contact plane .  
Surface finely p i tted .  

R e m a r k s :- This species is  rather l ike and probably closely related 
to the stratigraphically sl ightly younger Kimzekullea zuaenzi n. gen . & n .  sp . , 
the d ifference main ly being the longer ridge, the more spine- l ike anterior 
nocle ,  and the lack of a distinct posterior node in the latter. It is  of interest, 
however, that this node may sometimes be d istinguished ,  though very 
faintly. 

D i m e n s i o n s : - Length I . o  mm, length of h inge 0.6 mm, height 
0.7 mm. (» Large » specimen : Length I .  I mm, height 0.7 mm. ) 

O c c u r r e n c e i n c o r e :- In the lowermost part of the Black Tretaspis 
Shale (62 .90- 6 1 .90 m) .  

Kinn ekullea th orslundi n .  gen . & n .  sp .  

Pl .  XXV, fig.  7-9. 

D e r i v a t i o n  o f  n a m e :- This species is narned in  honour of P .  
THORSLUND who ,  i n  h is studies of the  Cambro-S i lurian in  Sweden ,  has pa id 
due atten tion to the ostracods . 

H o l o t y p e :- ar. os .  97 ·  
T y p e l o c a l i t y :- Kinnekulle ,  Vestergötland .  
T y p e  s t r a t u m :- Red Tretaspis Mudstone .  (Core leve!  54 -40 m) .  



O R D O V ICIAN AND SI LURIAN STRATA AT KINNEKULLE 

M a t e r i a l :- Several separate val ves . 
D i a g n o s i s :- Valves with a sometimes sp ine- l ike n ode in front  of 

an undef1ned sulcus .  In the cont inuation of the  node a more or less well ­
defined ridgc subparaHel to th e anterior free margin .  The ridge soon vanishes 
ventrally .  Central area d istinctly punctate .  

D e s c r i p t i o n :- Outl ine sl ightly leperditoi d ,  greatest h eight i n  the 
posterior part. Hinge straight. In front  of the  undefined sulcus a wcll-defined 
node, sometimes more l ike a sp ine ,  attain i ng  a length of 0 . 3 mm. The 
slope between the cen tral and marginal areas swells up anteriorly to form 
a short ridge, which continues into the node . A faint ind ication of a node 
may sometimes be distinguished j ust beh ind the sulcus. Surface punctate 
in the central area only .  Also the interior mould is p itted .  It seems as if 
the ridge is most conspicuous in the stratigraphically oleler specimens .  

D i m e n s i o n s :  

H olotype . 
Large specimen . 
Small specimen . 

Length 
1 .4 mm 
1 . 7 
1 .0 " 

H inge H eigh t  
l .  O mm 0.9 mm 
1 . 3 1 . 2 
0 . 7  0 .7  

R e m a r k s :- The anterior nod e and r id ge suggest the inclusion  of 
this species in  Kimzekullea. It especial ly resembles those specimens of  K. 
/tesslandi where the scu lpture is not  so pronounced . lt d iffers, however , 
from K. waerni and K. !tesslandi by i ts h igher  and more leperditoid valve, 
as weil  as its rather coarse punctation . In these features J{. tlwrslzmdi 
resembles Conchoprim itians of the type Conclwprimitia tallinmsis - C. 
tolli, especially the groove-less C. tolli integra ÖPIK .  This is especially true 
of the stratigraph ically youngest specimens of K. tlwrslzmdi. It is possible 
that the ridge of Kimzekullea may be campared with the groove of Conclto­
p rimitia . 

O c c u r r e n c e  i n  c o r e :- Fairly common in  the Black, Green , and 
Red Tretaspis Beds. 

Kinnek ullea h ofsteni n. gen . & n. sp. 
PI .  XXV, fig. 1 0. 

D e r i v a t i o n  o f  n a m e :- This species Is narned in  honour of  Pro-
fessor N. VON HOFSTEN , Rector of the University of Uppsala in 1 943-47 . 

H o l o t y p e :- ar. os .  89 (a r ight valve) . 
T y  p e l o c a l i t y :- Kinnekul le ,  Vestergötland. 
T y p e  s t r a t u m :- Green Tretaspis Shale (Core. leve! 5 0 . 5 5  m . ) 
M a t e r i a l :- Several separate val ves. 
D i a g n o s i s :- Smooth valves with a well -defined spi ne ,  situatecl at 

the antero-dorsal corner and curved backwards. 
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D e s c r i p t i o n : - Outl ine truncate el l iptical with a postero-dorsally 
proj ecting sp ine ; h inge straight ; dorsal margin meeting fr e e margins with 
sl ight angularity ; free margins regularly curved , ends subequal .  The dominat­
i ng spin e curves in an even continuation of the curvature of the anterior 
free margin t i l l  i t  po ints postero-dorsally and a l itt le laterally. At !east i n  
some specimens a short and n o t  well-defined ridge i s  seen below t h e  spine .  
Sometimes a lso a s l ightly depressed marginal area i s  marked off from the 
central area ,  though usually these areas cannot be told apart. Valve rather 
convex, surface smooth . In a dorsal v i ew the conture of a complete specimen 
would suggest an arrowhead, the spines forming the wings. 

D i m e n s i o n s :- Holotype : Length 0.9 mm, b inge 0.7 mm, height 
(without sp ine) 0. 5 mm,  length of spine 0-4 mm. 

R e m a r k s :- This species is rather different from the genotype of 
Kimze!?ullea ,  its sp ine ,  however, p robably being equivalent to that of the 
other Kimze!?ullea species .  When a short r idge and a depressed marginal 
area is developed, K. ftojsteni reminds of K. thorslundi, the latter, however, 
be ing less convex, larger ,  with a shorter spine and distinctly punctate . 

O c c u r r e n c e  i n  c o r e :- In the Green Tretaspis Shale .  

Fam. Hollinidae SWARTZ 1 936 ,  emend .  SCHMIDT 1 94 1 . 
Subfam. Hollinin a e  SCHMIDT 1 94 1 .  

Genus Bromidella HARRIS 1 93 1 .  
(Synonym : Uhakiella ÖPIK 1 93 7 ,  see SCHMIDT 1 94 1  p .  3 3 . ) 

Bromidella linn arssoni n .  sp .  
PI .  XXV, fig .  1 1 . 

D e r i v a t i o n  o f  n a m e :- This species is narned in  honour of G.  
L!NNARSSON,  who first gave a detailed descript ion of the Tretaspis Series 
m Vestergötland ,  and first described ostracods therefrom. 

H o l o t y p e :- ar. os . 9 1  (a right valve) . 
T y p e l o c a l i t y : -- Kinnekulle , Vestergötland.  
T y p e  s t r a t u m :- Black Tretaspis Shale .  (Core leve! 5 9 -45  m. ) 
M a t e r i a l : - A few complete sheils and several separate val ves, man y 

of which with » brood-pouch >> .  
D i a g n o s i s : - Like Bromidella ( >> Uha!?iella >> ) pumila (ÖPIK 1 937 ) ,  

bu t !arg e r ,  with sh orter >> brood-pouch » and with reticu lar ornament. 
R e m a r k s : - The orientation is  opposite to that used by ÖPIK. 

According to TRIEDEL ( 1 94 1 )  the >> brood-pouch >> forms the anter ior part 
of the marginal horder .  The  function of the so-called >> brood-pouch >> i s  as yet 
not known for certa in ,  hut its presence in some specimens probably indi ­
cates a sexual dimorphism. TRIEBEL states (p .  36 5 )  that i t  i s  j ust as I ikely 
that i t  i s  characteristic of the males as of the females. 
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D e s c r i p t i o n :- Outl ine truncate el l ipt ical .  H inge stra ight .  Dorsal 
margin straigh t ;  free margins evenly curved, ends subequal. Sulcus deep 
and open towards the b inge.  Median lobe connected with posterior lobe 
by a swell ing which surro un ds lower part of sulcus. No ventraJ lobe can 
be distinguished. Posterior lobe hardly separated from median . Some speci­
mens (ÖPIK : males) have a plane velum (false horder) anteriorly and ven­
trally, s i tuated o. I -0 .2  mm from the margin .  The velum has a l inea te 
structure parallel to the outl ine and broken by radiating striae. Other 
spec imens (ÖPIK : females) have, i nstead, an anteriorly s ituated sausage­
shaped » brood-pouch » , formed by the convex vela of both valves meeting 
ventral ly .  Behind the » brood-pouch >> the velum seems to continue  as a low 
r id ge on! y. The >> brood-pouch >> j ust fai ls to reach to a point  bel  o w the 
sulcus ,  as in  Bromidella pumila . All  specimens are denti cLJ !ate posteriorly, 
the denticles reaching a length of o. I mm. The surface i s  reticulate. Valves 
s imi lar i n  size. 

D i m e n s i o n s :- Holotype : Length I .6 mm,  b inge 0 .9  mm,  height 
I .2  mm, width 0.7 mm . 

D i s c u s s i o n :- While the i n terior of the val ve  shows the velum as 
a narrow and deep groove,  the interna! mould shows hardly any traces of 
this or  none at all . In fact ,  the smooth interna! mould with its deep and 
s imple sulcus would ,  i f  found alone,  b e  interpreted a s  a Primitia sp .  lt is  
quite possible that the specimens LINNARSSON describes as Primitia strangu­
lata SALTER (and reports also from Kinnekulle) are such moulds ,  the more 
so  as i t  has not been possib le  to find any Primitia specimens i n  the core, 
i n  spite of several hundred ostracods hav ing been examined .  In the field , 
though not so when splitting  up the core, the stone with Bronudel/a !in­
narssoni is apt to spl it so that one  slab contains the interior mould and 
the other shows the in terior of the valve.  The moulds,  mistaken for the 
shel ls ,  attract more attention i n  the field than the inter ior of  the valve ,  
mistaken for the externa! i mpress ion .  This statemen t is  easily proved by 
Jooking through collected materia l .  Several such mou lds have been found 
in  the collections Jabel led Primitia sp .  or Primitia strangulata .  TROEDSSON 
( I 9 I 8) is probably right when h e  states that » P. strangulata » in Sweden 
has become a collecti ve name for younger Ordovician , primitia-l ike ostra­
cods . It is thus· not impossible that Br01nidella limzarssoni will prove 
to be a synonym for a species earlier described as a Primitia sp. Several 
Primitia species described from blocks in  Germany show l ikeness to the 
interna! mould of Bromidella linnarssoni. 

O c c u r r e n c e i n c o r e :- Rather common in  the Black, Green and 
Red Tretaspis Beds. 

29-46595· Bull. o /  Geol. Vol. XXXII. 
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Genus Bifla bell u m  Öl'IK 1 93 7 .  

Bifla bell u m  vestrogothic u m  n .  sp .  
PI .  X X V ,  fig .  1 2 .  

D e r i v a t i o n o f n a 111 c : -- Fro m  Lat in for Vestergö t l and .  
H o l o t y p e : -- ar .  os .  90  (a left va l  ve) . 
T y p e  l o c a l i t y : - - Kinneku l l e ,  Vestergötland .  
T y p e  s t r a t u m : -- Black Tretasp i s  Sha le .  (Core leve] 5 7 .0 m . ) 
M a t e r i a l : - Severa l  separate va l  ves .  
D i a g n o s i s :- Like Biflabcl!um crista ÖP1K 1 93 7 , bu t  more e longate 

and wi th  the  ve lum no t  exten d i ng  so far poster ior ly .  
D e s c r i p t i o n : - She l l  same what e longate wi th  stra ight  h i n ge .  Pos­

ter ior angle end i ng  in a sp ine- l ike process . The sul cus  con t i nues as a 
depress i on  down to the  vel u rn ,  tu rn i n g  about  I 0° round  a node i n  fron t  
of the  su lcus .  A sho r t  fu rrow below the  nocle  j o i n s  t he  su lcus ,  mak i ng  
t h i s  appear s l igh tly  b i furcate .  T h e  ve l um i s  radia l ly str iated. The  poster i or  
e n d ,  free from ve l um ,  i s  dent i cu late .  Surface ,  appeari ng  smooth , i s  m i n u tely 
gran u late .  

D i m e n s i o n s :- Holotype :  Length 1 . 3 ,  h i n ge 1 . 3 ,  h e i gh t  0 .6 m m .  

O c c u r r e n c e i n c o r e : -- I n  t h e  Black, Green and lower111ost part 
o f  the  Red Tretasp i s  Beds .  

Fam . Kl oeden ellidae UuucH & B A S S L E R  r go8 . 
Genus  Jan esin a Ur .R T C I I  & BASSLER 1 908 . 

]on esin a ?  m odesta n .  sp .  
P I .  X X V ,  fig. 1 3 .  

D e r i v a t i o n o f n a m e :- The  n ame I S  given 1 11 v1ew of t h e  rath er 
s imple scu lpture of th i s  species . 

H o l o t y p e :- ar .  os .  9 3  (a r igh t  va lve) . 
T y p e  l o c a l i t y : - Kinneku l l e ,  Vestergöt land .  
T y p e s t r a t u 111 : --- Black Tretaspis Shale .  (Core leve !  59 .6  m . ) 
M a t e r i a l :·- A n u  m ber of separate va l  ves .  
D i a g n o s i s : -- Like 'Jonesilla arcuata B E A N ,  bu t longer and with smal ler  

su lcus ,  more an ter iot- ly s i tuatecl .  
D e s c r i p t i o n : - Valves stron gly convex ,  except for t he  poster io r  

end ,  ob long ,  approx imat i n g  a paral l elogra111 in outl ine .  About twice a s  

I ong  a s  h i gh . Su l cu s ,  end i ng  i n  a p i t ,  reaches l ess t han  ha l f  the he igh t 
from the  dorsal  m a rg i n .  I n  front o f  the  su lcus  a round nocle .  Poster ior  
lobe a lmost u n i forrnly convex and  l arger than the anter ior ,  wh ich is s l ight ly  
b i lobate .  Margi na l  regions samewhat ftattened out ,  especia l ly poster iorly, 
though the trans i t i on  in to  the convex lobes i s  success ive .  Ou tl i ne  of  an­
terior free margin cl i st i n ct ly rnore convex than posterior . Binge straight .  
Dorsal angles samewhat sp i n e- l ike .  Surface smooth . 
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D i m e n s i o n s : - Holotype :  Lengtl1 I .  I m m ,  h i n ge 0 . 8 5  mm ,  he ight  
0 . 5 5  mm.  

R e m a r k s : -- Only separate valves have been found ,  and  i t  has  not 
been poss ib le to detenn ine  which i s  th e larger  valve .  Owing to i ts l ikeness 
to s imple types of 'Joucsina, th is  spec ies h as tentat ively been referred to 
th i s  gen u s .  'J. ;  modesta als o recalls Balticella oblong-a TI IORSLUN D I 940, 
but i n  th e latter the  ventraJ s ide i s  incurved .  

O c c u r r e n c e  i n  c o r e :- Rather  restr icted ,  only i n  the lower  ha l f  
of the B lack Tretasp is  Shale .  

Ostrac o d s  o f  u n k n o w n  systematic po siti o n .  

The  two ostracod spec i es br i efly desCI· i bed be low,  would earl i er h ave 
been placed uneler  t he  head in g :  S u perfam i ly  Cypr i cl a cea U LJZ JC I I & BA SSLER 
I 92 3 ,  Fami ly  Baircl i iclae SAr:.s I 8 8 7 ,  Genus E);t/wqp ris B R A D V  1 8 80. As 
stated by SCllMIDT ( 1 94 I  p . 7 2 ) the S uperfami ly Cyp r idacea con trad i ets the 
taxonomy of  recen t  ostracods .  Further the  fam i ly  Ba i rcl i i clae  i s  erected 
upon recent ostracocls and should not  be usecl for Pa leozo i c  spec ies .  The  
same  may be sa i d  about the  genus BytltoC)'p ris. 

Genus i n clet .  sp .  A.  

A few separate valves ,  rather  s im i l ar i n  s i ze  and ou t l i n e  to the  S i l ur i a n  

spec ies >> Byt/wcyp ris » /w l !i JONES I 887 ,  h ave  been f ou n el i n  t he  Green 
Tretasp i s  Sha le .  

Length 1 . 5 5  mm,  he ight  0 . 8 5  mm.  

Genus in clet .  sp .  B .  
A complete shell and  some valv es of a BytltoCJ!p ris-l i ke species have 

been found  i n  the  Top Sandstone ,  leve!  36 .0 m m .  Outl ine  a l most  as in  
» BytltoC)!p ris >> plullipsiana J or-ms & HOLL I 869,  b u  t relat i ve!  y sh orter .  The 
r ight  va lve  over laps the left ,  but main ly poster ior ly ,  ventral ly and an ter iorly .  
The  sh el l  i s  w idest i n  i ts anter ior ha l f. Some va lves found  in  t he  Black 
Tretasp is  Shale  are rather s imi lar .  

Length 0. 5 mm, he ight 0 . 3 mm, w i dth 0 .3  m m .  

1 9 1 4 :  J 
1 9 1 4 :  2 

1 9 1 8  

1 926 

M A C H A E R I D I A .  
Fam. L epidocoleida e  vVIT J J ERS I 926 . 

Genus L epidocoleus FA BER 1 8 8 7 .  

L epidocoleus s u ecicu s  MoBERG I 9 I 4 . 

Lepidocoleus suuicus - MOBERG p .  1 3 ,  p i .  I I .  figs .  J - I I .  
» MO DI;;RG - M O B!o:RG p 489 

MOBERG - TR OEDsSON p .  46.  

MOBERG - \V I T H E R S  p .  27,  pi .  I I ,  fig.  l .  



4 2 0  GUNNAR HENNINGSMOEN 

T y p e  d a t a : - As lectotype WJTIIERS ( 1 926) has ehosen the speci­
men described by MOBERG ( 1 9 1 4  page I 5 ) ,  and depicted by WITHERS 
( 1 926 Plate II ,  fig. r ) . Brit .  Mus.  - I 1 442 5 .  Coli .  Dr .  F.  A. BATBER. 
The lectotype i s  from the  Black Tretaspis Shale at Svälasgård, Sicattung­
byn i n  Dalarna .  

M a t e r i a l : - Loose plates are found a l l  through the Black Tretasp is  
Shale i n  the core . Their  length var ies from 2 to 5 mm. They are usually 
very weil preserved, and qu i te agree with the detailed descript ions given by 
MOBERG and W!TIIERS, except that their i nner surface is  not smooth but 
finely granulate. 

R e g i o n a l a n d s t r a t i g r a p h i c d i s t r i b u t i o n :- Lepidocoleus 
:suecicus was or iginal ly desCt·ibecl from the Black Tretaspis Shale in Öster­
götland and Dalarna. TROEDSSON ( 1 9 1 8  p. 46) reports it from the upper 
part of the Brach iopocl Shale ( = Dalmanit ina Series) in  Scania ,  and THoRs­
LUND ( 1 934  pp. r r - r s )  mentions a L. cf. suecicus from the zone of Stau­
rocepfwlus and from the Dalman it ina Series in Dalarna .  The core material 
shows that L. suecicus also occurs i n  Vestergötland.  In Brita in ,  WITHERs 
( 1 926) reports i t  from layers of Ashgil l ian and Caradocian age .  

C O N O D O NTA. 

Genus Drepan odus PANDER r 8 56 .  

Drepan odus altipes n .  sp .  
PI .  XXV, fi g .  1 4· 

D e r i v a t i o n o f n a m e :- The name i s  given 1 ll vtew of the rather 
Iong (high) base of this species .  

H o l o t y p e :- cd.  r .  
T y p e l o c a l i t y :- Kinnekulle, Vestergötland .  
T y p e s t r a t u m :- Rase of t he  Black Tretaspis Shale .  (Core leve! 

6 2 . 8 7  m . )  
M a t e r i a l :- A mtmber of fairly w el! preserved bu t campressed 

spectmens . 
D i a g n o s i s : - A Drepanodu:s w ith c ur ved cusp and characteristic 

Iong base. 
D e s c r i p t i o n :- Tooth simple with curved cusp and markedly Iong base. 

The base is  also well  expanded. The cusp curves t i l l  its axis becomes almost 
paraHel to the plane of the base .  An anterior (convex) and a posterior 
( concave) keel shape a b lade-l ike cusp , more or less flattened.  A short 
lateral keel may sometimes be seen at the base. The apex of the con i cal 
basal cavity seems to be  s ituated about midway between the margins .  

L e n g t h : - c .  r mm. 
O c c u r r e n c e :- Common in  the glauconitic bed and regularly occur­

r ing in the lowermost part of the Black Tretaspis Shale (62 .go-6 r . 50 m) .  
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OTHER F O S S I L S .  

Gastro p o d a .  

A few specimens of  a pianospiral gastropod h ave been met with in  the 
Black Tretaspis  Shale .  Diameter about r cm.  They are strongly compressed , 

and the  petr ifying material is pyrite . 

Hyolithida. 

Fragments of Hyolith icla  are regularly met with m the Black Tretaspis 
Sha\e ,  one  reaching a width of  2 . 5  cm. 

Po rifera.  

Sponge-n eedles ? 

Smal l  un iaxal  spiCLtles occu r  i n  great quantities at several levels in the 

Black Tretaspis Shale .  Tb ey are straight and n eedle-shaped (pointed at one 
end only) . The ir  length var ies  from 4 to IO  mm, and the ir  d i ameter from 
0 .02  to  o .  I mm.  The sp icules a re  usually circular i n  cross-section and have  

a smooth surface ; more  selelom they are  finely striatecl parall e l  to th e axis . 
Some sp icu les have one  or two dist inct lon gitudinal furrows ,  i n  the latter 
case giving them an 8-like appearance in  cross-section .  These furrows are 
possibly due to compression and m ay indicate that an axial canal existed 
in  the spicule .  The needles are sometimes gathered in broad ,  worm-sh aped 
clusters ,  but ,  as i t  seems, with no predominatin g  orientati on . The petri fy ing 
materi a l  is al ways pyri te .  

Fossils of  u n c e rtain systematic positio n .  

Plant· and worm-tra il - l ike  fossi ls .  

Plant- and worm-trai l - l ike fossi ls occur abundantly at several  levels in 
the  Black, Green and Red Tretaspis Beds .  They are more or less flattened 
and usually form from I to 3 mm wide bands .  They are imbeddecl sub­
paral le l  to the bedding planes .  They are sometimes of a green colour in 
the Red Mudstone ; when not they are hardly d ist inguishable from the 
surrounding mudstone ,  havi ng hard ly any rel i ef. In  the Black and Green 
Tretaspis Sh ales they are always distinct ,  an d consist of  a brown ish , earthy 
substance .  The nearest surrouncl ing  matrix sometimes becomes stained ,  too, 
thus makin g  the bands appear broader .  The bands sometimes seem to branch , 
and th i s  is at !east t he  case i n  some very fine (c .  0 . 2  mm wide) plant- l ike 
fossils at levels S J . 20- S J .O  m .  The l atter occur  together with wieler  bands 
(several transit iona\ widths occur) , the broadest bein g  3 mm wide .  Here 
the substance of the bands and » twigs » may sometimes be dark blu e  instead 
of brown .  
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ORDOV!C!AN AND S ILURIAN STRATA AT K INN EKL:LLE 

Prof. T .  G .  HALLE at the Paleobotanie Department of the Naturhisto­
r iska Riksmuseum ,  Stockholm,  h as k indly Jooked through this materia l .  In 
his report he  states that the fine twig-l ike fossi ls mzj;llt be algae, and 
possibly even  some of the  coarser ones ,  found  tagether wi th t h ese .  

Stratigraphical problems and results. 

The success ion of layers in the care i n  the boundary area between the 
Chasmops and Tretaspis Series is as fol lows : Above the uppermost l ime­
stone layer of th e Chasmops Series ,  wh ich  accord ing to THORSLUND (above 

p. 34 5 )  contai ns Tretaspis ceriodes there come 5 cm of glaucon it ic marlstone 
followed by black sh a le .  On ly 5 cm above the mariston e ,  and als  o 7 5 cm 
above it ,  the zone-fossi l  Climacograptus styloideus occurs . Later on  beds 
contain ing graptol i tes of this zone (though not the zone-fossil itself) alternate 
with beds contain ing Tretaspis seticornis seticornis. 

The  graptoli tes found  i n  the Black Tretasp i s  Shale i n  the core (Table V) 
thus show that this shale belongs to the zone of Pleurograptus limaris and 
Climacograptus styloideus. THORSLUND has already shown that this i s  the 
case as regards the Black Tretaspis Shale  i n  Dalarna ( I  9 3  5 p .  48 )  and 
Jemtland ( I 940 p .  I 2 I ) . 

Furthermore the graptolites i n  the core show that the boundary between 
the above-mentioned zone and the next older zone of DicraJtol{raptus clin­
gani should be drawn above the l imestone layer a l ittle above the base of 
the black shales on  top of the Chasmops Limestone .  As th is  boundary is 
also recognized as the boundary between th e Chasmops and  Tretaspis Series 
(Cf. TIIORSLUND I 940 p . I 2 1 ) , i t  means that the  lowermost part of the 
black shale earlier as a whole referred to the Black Tretaspis Shale ,  should 
now be inc luded i n  the Chasmops Ser ies ,  th e glaucon i t ic  bed m arking  the 
lower boundary of  the Tretaspis Ser ies .  

Beds r ich i n  glauconite often reveal  th e presence of gaps i n  the ser ies 
of strata (See HADDING 1 93 2  p .  I 5 9) .  In this case the  break would probably 

not be  a great one, but i t  is interesting that a break between the Chasmops 
and Tretaspis Series has been found in Gotland (Cf. TJIORSLUND & \VESTER­
c),Ro 1 93 8) ,  and pred ic ted by TnoRSLUND ( 1 940 p .  1 2 2) very I ikely to 
exist also in  Jemtland .  In  this connection i t  should also be remembered that 
RAY\WND ( 1 9 1 6  p .  244) suggests the existence of  a prom inent break be­
tween the Upper Chasmops Limestone (4 bo) and the Tretaspis  Shale  (4 ca. ) 
i n  the Oslo ·Region .  ST0RMER ( 1 945  p .  3 9 5 )  shows that such  a break most 
probably also occurs in  other d istri cts i n  Norway, and, as i t  seems at a 
Success ively h igher leve!  northwards from Oslo .  I n  Bornholm HADDlNG 
( 1 9 1  5 p .  1 0) records a 2 cm » stark zersetzte, rostbraune Schicht » between 
black shale belonging to the zone of  Dicrauograptus clingani and black 
s hale belonging to the zon e of Climacograptus styloideus . 
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Table V. 

Zon a l  R a n ge o f  t h e  Graptol i t e s  fou n d  I n  t h e  B l a c k  Treta spis  S h a l c  I n  t h e  C o re 

I n  th e C o re ,  K i n n ekulle  

B l ack Tretaspis  S h a l e  

Dicellog·r. jolmstrujJi H AD D I J\ C  . 
Ort/w gr. c f. truncatus LA PW . .  

Orthogr. trzmc. jJaujJeratus E. & \V . 
Ort/w gr. quadrimucronatus ( H ALL) 

Climacogr. c f. 111i1liJJIZIS CARl, .  

l I n  Bornh o l m  a n d  l '  
S c a n i a  a c c ord i n g  i ' I n  Britain  accord i n g  to 

l to HADil i N C .  1 E i . LES  & Woon 
I B = B o r n h o l m  o n l y l 
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Several  o f  t h e  fossi ls  fou n cl i n  t h e  B l ack Tretas p i s  S h a l e  in t h e  core 

w e r e  known earl i e r  fro rn th e D icel l ogra p t u s  Shale i n  Scania and Bornh o l m , 

t h u s  s l1 0 w i n g  t h e  c o n nect ion between these areas a n d  Vestergö t l a n d .  T h ere 

are a lso close c o n n ect ion between these districts and o t h e r s .  T h u s  f. i n s t .  ' 
i t  i s  n o w  k n o w n  t h a t  J-Jisillgerdla nitens (HrsiNGER) o c c u rs i n  t h e  Black 

Tretas p i s  Shale  o f  Dalarn a ,  Östergötl an d ,  Vestergötlancl , a s  w e i l  as in  th e 

D icel lograptus S h a l e  o f  S c a n i a  a n d  Bornhol m .  

T h e  M a s u r  L i mesto n e  a t  K i n n ek u l l e  was ear l ier  only k n o wn fro m  blocks ,  

but  t h e  core s h o ws t h a t  i ts  strat i gra p h i c a l  pos it ion h ad been correctly as­

sumed to be above t h e  Green Tretas p i s  S h ale  and below t h e  Red Tretaspis  

Mudstone .  

As m a y  b e  seen fro m  t a b l e  IV there seems t o  b e  a p a l e o n t o l o g i c a l  

b o u n cl ary b e t w e e n  t h e  l o w e r  1 .  5 m a n d  t h e  r e s t  o f  t h e  Red Tretas p i s  M u d ­

sto n e .  S o m e  forms o n ly o c c u r  b e l o w  t h i s  b o u n d ary,  w h i l e  o t hers a r e  o n l y  

fou n d  above i t .  

S T 0 1 U l E R  s tates ( 1 930  p p .  76 ,  7 7 )  t h a t  a p p arently 3 z o n es e x i s t  i n  t h e  

S w e d i s h  Tretasp i s  Beds ; a l o w e r  z o n e  w i t h  Tretasp is seticornis ,  a m i d d l e  

z o n e  w i th T. gramdala a n d  a n  u p p e r  z o n e  w i t h  T latilimba. In  general  

t h e  core m at e r i a l  v e r i fi es th i s  with  regarcl t o  t h e  two l o w e r  z o n e s ,  w h ere 

the u p permost  o c c u rrence o f  T scticornis i s  a t  l e v e !  5 0 . 5 0  m (Red T r .  Mst . ) 
a n d  t h e  l owermost occurrence o f  t h e  ma i n  b u l k  o f  T. gramdata at 47 . 7  5 m .  

Th ere i s ,  h o w e v e r ,  a n  i s o l ated o c c u r r e n c e  o f  T. g-ramtlata a s  l o w  d o w n  a s  

i n  t h e  Green Tretas p i s  S h a l e  at  l e v e! 5 5 - 5 0 m ,  w h i c h  i s  5 m b e l o w  t h e  

u p p e r  l i m i t  o f  T. seticorJiis ,  a n d  n e arly 8 m b e l o w  t h e  n ex t  a p p e arance o f  

T grmwlata. Unfort u n ately t h e  m ater ia l  at  5 5 . 5 0 m d o e s  n o t  perm i t  a 
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subspecific  determ inat ion , wh ich  could prove whether the subspecies found  
here  i s  th e same as the  one  occurr i n g  h ighe r  u p ,  vie:. T. gramdata buck­
lalldi. As to the upper zone ,  with T. latilimba , it is e i ther  no t  present  i n  
the core o r  probably more or  l ess equal ized b y  t h e  upper ,  un foss i l i ferous 
part of  the l{ed Tretasp is  Mudstone .  

The  core shows tha t  th ere is  no  sharp l i tho log ica l  boundary between 
the Red Tretaspis Mudstone  and the  overly ing  sandstone ,  r ich i n  brach iopods .  
There  seems, however ,  to be  a break i n  the  sed imentat ion between th i s  
sandstone  and the overlyi ng  l imestone ,  the l atter conta i n i ng  b i ts  of  sha le  
at  its base .  Un fortunately the upper 6 . 5 m of  the  Red Tretaspis Mudstone 
are un fossi l i ferous .  The sandstone is  here tentat ive ly assi gned to the  Tretaspis 

Ser ies as its top bed ,  and the break i n  sed imentat ion thus  cons idered to 
mark the boundary between th e Tretasp is  Series and the Da lman i t i n a  beds . 
The occurrence of  Dal11lauitina mucrouata i n  the  sandstone  shows that i f  
th i s  sandstone  belongs to the  Tretasp is  Ser ies ,  i t  represents the  Staurocephalus 
Zone ,  wh ich conta ins  a fauna  wi th  elements both from the  Tretasp is  Ser ies 
and  the  Dalmanit ina beds .  This zone  h as h i th erto not been recogn ized at  
K innekul le ,  but  has been found  at  the top of  th e Tretasp is  Ser ies elsewhere 

in Vestergötlan d ,  as wel l  as in Dalarna (TIIORSLC.l\D 1 93 5 ) ,  Jemt land (Tucms­
LU\'D 1 943 ) ,  Scan i a ,  and in Bornholm (PocLSEN 1 936) .  Pout.SEi'\ ( 1 9 36) h as 
shown that  t h e  Staurocephalus Zone earresponds to the  Brit ish zone of  
Diee/lograptus anups. The Tretasp is  Ser ies thus earresponds to the three 
Br it ish graptol i te zones o f  P!curograp tus linearis, Diee/lograptus comp lauatus 

and  Dice!!ognlp tus auceps.  

The break between the Tretaspis Ser ies and the Dalmanit i n a  beds is  
of  specia l  i n terest , as i t  i s  also recogn ized as a break between the  Orclo ­
v ic ian  and S i lur i an s t ra ta  of Sweden .  Th i s  bound ary has ,  however ,  been 
treated i n  severa l  ear l ier papers ,  and wi l l  no t  be d iscussed h ere .  I t  should 
only be emphasized that th i s  break i s  reported from a l l  d istr icts i n  Sweclen 
where the  Tretasp is  Ser ies and the Dalmani t i n a  beds occu r .  

A cumparison between the  d ifferent cleve lopments of  the Tretasp is  
Ser ies i n  Scand inav ia ,  as wel l  as of  t he  correspond ing  Br i t ish and Anti ­
eost ian  l ayers bas recent ly been g iven by ST0R�VJ ER ( 1 94 5  pp.  3 9 5 -398 ) .  
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Explanation of Plates.  
Plate XXI I I .  

D i ameter  of care  7 c m .  

1 .  Care s e e t i a n  bet 11·een  5 8 . 1 0  a n d  5 7 .96 m .  I n  t h e  c e n tre a pyri t i c  con cret i o n .  Arou n d  

t h i s  typ ica l  s p e c k l e d  s h al e .  T h e  l o we r  p a r t  o f  t h e  sec t i o n  c o n s i s t s  of grey m u d s t o n e .  

2 .  Care be t,v e e n  5 4 -99 a n d  54 .90 m s h o w i n g  s p e c k l e d  s h a l e .  

Plate  XXIV. 

S p e c i m e n s  figs .  1 ,  9 - 1 2  are fro m  t h e  Red Tretaspis  :\ l u d stone , fi g s .  2-8 fro m  t h e  

B l a c k  Tretasp is  S h al e  a n d  figs .  1 3- 1 6  from t h e  T o p  S a n d s t o n e .  I f  n o  oth e r  state m e n t  

i s  m a d e .  t h e  spec imen be longs t o  t h e  Palaeon t .  I n s t .  U n i v .  of U p p s a l a  a n d  i s  from t h e  

Kul latorp c o r e .  A l l  s p e c i m e n s  w h i te n e d .  V . J A A N USSON a n d  N .  H J O R T  p h o t .  A .  N i i. S S O N  ret .  

r .  J llaenus s p .  Pygi d i u m .  Leve!  46- 48 m .  ar .  3380.  C .  6 X .  
" Paterula cf. bo!temica B A R RA NDE .  I n ter ior  o f  v e n t ra l  va lve .  Leve!  5 8 - 40 m .  b p .  

5 303 .  1 3  x .  
3 ·  Hisin;;·ere!la nitens ( H l S ! N G E R).  Posterior  v i e w  of v e ntral  va lve .  A p e x  damage d .  

Leve!  6 r . 5 0  m .  b p .  5 336 .  20 X .  
4 - Paterula c f. portlod·i (G I ·: I N !TZ) . Exter ior  of dorsal  va l  ve .  Leve!  6 r . 6o m .  b p .  5324 .  2 5 X .  

s . Same.  I nter ior  o f  v e ntraJ  va lve .  Le,·el  6 1 .60 m .  b p .  5 3 2 3 .  r 6  X .  
6 .  Hising-erel/a nitms ( H  ! S I N G E R). Dorsa l  val  ve .  D raggitn , Rii t tv i k ,  D a l e carl  i a .  C ol i .  

H I S I N G E R .  l� i k s m u s e u m ,  S t o c k h o l m ,  Paleoz .  D e p t .  - D r .  504 1 a .  Lecto t y p e .  1 3  X .  
; .  Same.  D orsal  valve .  From same stab as fig.  6 .  R m .  Paleoz .  D e p t .  - B r .  504 1 b.  

13  x .  
8 .  S a m e .  I n n e r  s i d e  o f  dorsal  va l  ve .  Leve!  6 1 . 5  m .  b p .  5 3 50 .  1 3  X .  
9-1 r .  Sotuerb_velia ? rosettana n .  s p .  F i g .  9 anter ior  v i e  w ;  fi g .  1 0  ven traJ  v i e  w ;  fig.  1 r 

poster ior  v i e w .  S k u l torp ,  Vestergöt lan d .  b p .  5 284 .  H ol o t y p e .  3 3 X .  
r 2 .  S a m e .  Exter ior  of dorsal  a n d  ven traJ valves i n  j ux t aposit i o n .  J onstorp ,  M össeberg,  

Vestergö t lan d .  C o l i . }AR V IK  & T H O RSLU N D 1 93 5 ·  bp.  5 2 76 .  3 -3 X .  
1 3- 1 6. Scltizoramma s p .  VentraJ va lve .  F ig .  1 3  ventraJ  v ie w ; fi g. 1 4  la teral  v i e 11· ; 

fig .  r 5 anter ior  v ie  w ;  fig.  r 6  poster ior  v i e w .  Leve!  3 5 . 56 111 . b p .  5 3 3 2 .  6 .6 X .  

Plate XXV. 

The specimens figured are fro m  t h e  Kul latorp care a n d  b e l o n g  to the Palaeo n t .  l n s t . ,  

U n i v .  of U p p s a l a .  F i g s .  1 -4,  7- 1 4  drawn by M rs LEPI KSAAR ;  figs .  5 ,  6 by E .  STÅH L . 
M agn. 2 8  X .  

r .  LaccojJrimitia ? binodosa n .  sp .  A righ t valve .  Red Tretaspi s M udstone .  Leve! 4440 111 . 
ar. os .  98 .  H olotype.  

2 .  Laccoprimitia ? nigra n .  s p .  A l eft valve .  B l ack Tretaspis  Shale .  Leve!  5 7 - 5 5  m .  
ar .  os.  99·  H olotype .  

3 ·  Ulrichia maeronadosa n .  sp .  A l e ft valve.  R e d  Tretaspis  M u d s t o n e .  Leve!  5 5 -40 m .  

ar. o s .  9 4 ·  H olotype.  
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4. A"innelmllea waerni n .  gen. & n .  sp .  A Jeft valve. ll lack Tretaspis Shale .  Leve! 

5 6 . 9 5  m.  ar. os .  96. H olotype.  
s .  A"imzel:ullea lusslandi n .  gen . & n .  sp .  A left valve .  The anterior spme 1 s  m1ssmg. 

l3 1ack Tretaspis  Shale .  Leve! 6 2 . 8 7  m.  ar. os .  95·  Holotype. 
6. A"imzel.:ullea l1csslandi n. gen . & n .  sp. Anterior part of  a left valve.  B lack Tret ·  

aspis Shale .  Leve!  62 .87  m.  ar. os .  8 6 .  

7 .  Kimze!.:ullea t/10rslmuli n .  gen . & n .  sp .  A righ t valve. Red Tretasp i s  Mudstone.  
Leve! 44 - 3 5  m.  ar. os .  87.  H olotype.  

8 .  Same. A Jeft valve .  Red Tretaspis Mudstone.  Leve! 5 4 - 40 m. ar. os .  9 7 . 
9· Same. A Jeft valve .  Black Tretaspis Shale .  Leve! 5 9 - 5 5  m. ar.  os .  8 8 .  

1 0. J{imze!.:ullea hojsteni n .  gen .  & n .  sp .  A right valve. Green Tretaspis Shale .  Leve! 

50. 5 5  m.  ar. os .  89 . H olotype. 
1 1 . Bromidella limzarssoni n. sp .  A righ t valve. Black Tretaspis Shale .  Leve! 59-45 m. 

ar. os .  9 1 .  H olotype.  
1 2 .  Bijlabellum 11estrogotlticum n .  sp .  A left valve. B lack Tretaspis  Shale .  Leve! 5 7 .0 111 . 

ar. os .  90. H olotype.  
1 3 . Joncsina _ J  111odesta n .  s p .  A righ t val ve .  B lack Tretaspis  Shale .  Leve! 59 .60 m.  

ar .  o s .  9 3 .  H olotype. 

14 .  DrejJanodus altijJes n .  sp .  B lack Tretaspis  Shale .  Leve! 62.87 111 . cd.  1 .  H olotype. 
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I .  Description of the Core. 

At !east the topmost 3 5 . 1 5  meters of the core belong to the Silurian , 
or, to be more exact, to the Llandovery. In ascend ing order, 2 . 3 8  m thereof 
belong to the Dalmanitina beds, 29 -4 m to the Rastrites beds, and 3 · 3  m 
to the Retiolites beds. Above the zero point of the boring the seetian 

30 - 46595 .  Bull. o /  Geol. Vol. XXXII. 
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Diagram of the S ilurian of the Kullatorp care. 
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extends for additional 2 2 . 7  m of mudstone belonging to the Retiol ites Beds , 
followed by a 2 7  m th ick cover of diabase. Sedimentary beds between the 
topmost Llandovery and the Quaternary are lacking  i n  V estergötland , at 
Kinnekulle as weil  as at the other mountains .  

Dalmanitina Beds.  3 5 . I 5 -3 2 . 7 7  m. 

A series of beds becoming upwards more and more sandy and follow­
ing above the red Tretaspis mudstone possibly ought to be  referred to 
the Dalmaniti na  beds, hut more probably they represent the zone of 
Staurocephalus davifrons i n  the Tretaspis  Series ( Cj. HENNINGSMOEN p .  427 ) . 

Above the  top of these sandy beds follows l imestene with Dalmanitina 
mucronata BRONGN. , etc. , above a surface of discontinuity at 3 5 . I 5  m .  No 
angular unconformity has been observed hut the  boundary between siltstone 
and l imestene is  very d istinct. 

N umerous black fragments of s hale are scattered in the crystal l ine 
l imestene i n  the lowest part of  the Dalmanit ina beds. Most of them l ie 
3 cm or less from the base of  the limestone ,  hut single p ieces occur up 
to 10 cm above the base. This crystall ine  l imestene goes up  to 34. I 3 , 
i.e. it comprises I m.  In its upper part there occur thi n ,  sandy and marly 
beds dividing the l imestene in to several banks and !enses. The limestene 
is very r ich i n  fossils, small strophomenids as weil as rhynchonellids being 
especially abundant .  

The preliminary l ist of  species is as follows : 

Homalonotus platynotus DALM. at several levels ; fragments of cranid ia ,  
pygidia and thoraces . 

Dalmanitina mucronata BRONGN. scattered . 
Hindella ? casszdea (DALM. )  at several levels .  
Strophomenidae spp . '  very numerous throughout the whole section . 

Both flat and arcuate types .  
Rhynclzonellidae small  types not so very abundant as the preced­

ing ones. 
Fragments of brachiopods. 
Graptodictya sp .  grown i n  the shape of  a flat disk with rounded 

holes ,  34-48; 34 ·  5 9 ·  
Bryozoa ,  several different, staff-like types .  

At 34 .  I 3 the crystall ine l imestene tums in to a fine-san dy and calcareous ,  
grey to greyish brown mudstone alternat ing with grey to greyish blue, fine­
grained to dense, fine-sandy l imestene i n  diffuse lenses and beds. This 

• LINNARSSON and TROEDSSON report Sc/zuchertella j;ecten from the Dalmani tina 
beds at Kinnekulle ,  but whether their determination is  corre ct further investigations 
will have to prove. 
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Fig.  1 . Basal part of  Dalmanit ina Limestone 3 5 ·  r s-J s .oo with scattered sh ale 
fragments in  the lower part. Nat.  size. 

apparently barren rock passes into a grey, fine-grained , h ere and there 
samewhat rusty and scanti ly fossil-hearing  calcareous sandstone or perhaps 
better si ltstone at 3 3 .06. Upwards the rock grows less calcareous. At the top , 
at 3 2 . 7 8, the calcareous sandstone is yellowish grey, rusty and weathered , 
and del imited from the overlying beds by an uneven denudation surface .  
Determinable fossils are found i n  the upper part on ly : 



O RDOVICIAN AND SI LURIAN STRATA AT K INNEKULLE 4 3 7  

Proetus sp .  (3 2 . 79) ;  Hyatidina sp .  (accord ing to V .  jAANUSSON) (3 2 . 84) , 
Lingulide ( 3 2 . 94) and some fragments of other brachiopods ; 
Lepzdoco!eus suecicus MBG ( 3 2 . 9 5 ;  3 2 . 7 8) .  

(I have encountered Le01zaspis cmtrina (DALM . ) , P!ectambonites sp . ,  
C!imacogmptus of the 1torma!is- type at the r ivulet Korsbäcken 
at th is  l eve! . ) 

This seguence of  l imestone ,  sandy l imestone and calcareous sandstone 
rs thus bordered by denudation surfaces both be low and above .  It attains 
a total th ickness of 2 . 3 8  m. 

Rastrites Beds. 3 2 . 7 7-3 · 36 .  

The  Rastrites beds can be subdivided into t he  following petrographic· 
stratigraphic seetians from below upwards : 

I )  Alternat ing gr e y and greyish black mudstone with scattered l imeston e 

!enses. Total thickness I 2 . 9 5  m .  Zones of  Akzdograptus acuminatus 
(Nrcr-r. ) , Dimorphograptus extmuatus E. & W . ,  and Penzerograptus re­
vo!utus (KURCK) . 

z ) Grey l imestone and mudstone .  Thickness I m.  No fossils . 
3 )  Black shale (typical graptolite shale) . Thickness 0 .72  m .  Zones of Pe­

ta!o!z"thus folium (Hrs . )  and Cepfta!ograptus cometa (GEIN . ) .  
4 )  Mostly grey but  also at some levels r ed  mudstone ,  with a number of  

graptolite-hear ing black bands i n  the  grey mudstone .  Th in  beds of 
bentonite at some l evels .  Tagether I 4 . 7 5  m.  Zones of  Spirop�aptus 
turricu!atus (BARR . ) , itfonograptus discus TQT , and very I ikely also of 
M. sedgwicki PORTL. 

I .  Grey a n d  Black Mudsto n e  with S cattered Limeston e Lenses.  

Zones of Akidograptus acumin atus (Nrcu. ) ,  Dim orphograptus exte­

n ua tus E. & W . ,  and Pern erograptus revolutus (KcRcK ) .  3 2 . 7 7- 1 9 . 8 1 .  

This seetian has a thickness of 1 2 . 9 5  m and consists of black mudstone ,  
grey mudstone vvi th black bands, and some layers or lenses of l imestone .  
Apart from the alternation of lighter and darker layers of mudstone th is 
seetian displays no  real  divergences in  i ts var ious parts ,  the same types 
of sed iment being met with throughout the section .  

Above the yellowish grey siltstone of the Dalmanit ina Series and se­
parated from it  by a surface of d iscontinu i ty follows mudstone .  The lowest 
part of this mudstone ,  up to 7 mm, is mixed with washed-up debris from 
the substratum ; i t is  yellowish grey with numerous rus ty spots and with 
traces of fossi ls .  

3 2 . 76-3 2 . 2 6  consists of black mudstone with only a few thin l ighter 
layers . The rock is rather fine-bedded though not so as to laminate into 
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thin smooth l ayers, the surfaces of the layers being uneven . The streak 
is usually grey, hut at some levels it is black and the mudstone stains .  
Precipitates of ferric oxide at several levels. Graptolites in  rel ief are fil led 
both w ith ferri c oxide and pyrite . At 3 2 . 74 there is a small concentration 
of granular pyrite . Also between 3 2 . 26  and 30 . 50  the dark mudstone 
occupies a considerable space i n  proportion to l ighter grey types. Lighter 
grey mudstone predominates strongly sti l l  higher up .  

The darker mudstone i s  usually more finely stratified whi le the l ighter 
one is mostly thick-bedded, and often spl i ts a long other planes than the 
stratification planes .  Here and there the l ighter mudstone has l ighter or  
darker spots, p robably traces of digging animals .  Rusty spots occur in  
some places whi le  pyrite is  on ly rarely met with (20 . 3 2) .  At 28 . 80 a fi n e­
sandy layer has been encountered , and at 1 9 . 8  s ingle round grains of 
quartz have been found in  a dark brach iopod-bearing mudstone .  Possibly 
also a thin bed of  bentonite was deposited at this leve!. Unfortunately 
the core is here quite fragmentary. At 2 7 . 87-27 . 70 and at 2 2 . 5 5-22 . 3 5  
the core consists o f  l ight grey and fairly dense l imestone .  I t  i s  impossible 
to determine whether the l imestorre appears in the shape of  continuous 
beds or as lenses only. 

Fossi ls are fairly numerous in  the core, hut nowhere do they cover 
the whole surface of the beds.  Differences in  facies as weil  as in the 
fauna! sequen ce have been observed . Graptolites are quite predominant in  
the  dark mudstones ; they are, indeed, contirred to them .  In addition ,  there 
occur some l ingulidae ,  Paterula sp .  (29 . 2), single articulate brach iopods,  
gastropods, several ostracods, etc. In l ighter mudstones the fol lowing species 
and groups have been found : 

Lingula sp .  
Sozuerbyella sp .  
Small smooth art iculate brachiopods, abundantly. 
Rhynchonell ide (20 . 86) .  
Gastropods.  
Hyolith ids .  
Ostracods (Primitia sp . ) . 
Acidaspis ceutrina DALJ\J. (26 . 3- 1 9 . 83 ) .  
Calymme sp .  (20 . 87 ) .  

Graptol ites occur  i n  the dark mudstone throughout the whole  portion ,  
though most numerously at 30 . 5-3 2 . 7 5 ;  i n  some cases they are preserved 
in relief. In spite of  their sparseness in  the h igher parts , i t  h as nevertheless , 
thanks to them, been possible to divide the portion into three d ifferent 
zones, as demonstrated by the table below. 

The lowest zone,  the zone of  Aktdograptus acuminatus, is characterized 
mainly by forms wh ich may be derived from Climacograptus scalaris Hrs. 
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var. normalis LAPW. , by transit ional forms between this species and C/. 
medius TQT, and by both these species. The m iddle zone ,  the zone of 
Dimorplzograptus extenuatus, is but faintly pronounced and poor in species 
and individuals .  

In the upper zone,  the zone of  Pernerograptus revolutus, M. incommodus 
TQT. and C!. ftughesi N ICH . are the most common species. 

2. Grey Limeston e  and Mudsto n e .  I 9 . 8 I - I 8 . 8o. 

This section of the core is quite badly crushed and has suffered great 
losses ( s o %) .  It is probable that the mudstone beds h ave been subj ected 
to stronger weathering than the l imestone beds, and have been partly washed 
away. The surfaces of j o ints and beds in the impure l imestone often have a 
yellow coating fro m  weathering, showing that these beds are h ighly permeable 
so that the lime is dissolved from numerous surfaces of fissures and bedding 
planes .  

Owing to the crushed and incomplete condit ion of the core notb ing 
can be sa id with certainty regarding the mutual  position , thickness , and 
alternation of  the l imestone and mudstone beds. 

The l imestone is  l ight-grey to grey, dense, breaking with a conchoidal 
fracture, and partly so impure that i t  changes into calcareous mar! .  No 
distinct stratification can be seen though some tendency to banking is ob­
served . Pyrite in the form of irregular lumps is  met with in  the upper part. 
Below the l imeston e borders on grey mudstone ; this mudstone is  also in­
tercalated , th ickness unknown , between the l imestone banks. The upper 
boundary is very sharp but uneven as some l imestone nodules penetrate 
through a topmost thin stratum of grey mudstone .  

No fossils have been met with , though some smal l ,  irregular ,  oblong 
patches of oxidized ferriferous mud might be interpreted as trai ls and furrows 
l eft by animals .  

3·  Black S h a l e .  

Zones of Petalolith us folium (His . )  and of Cephalograptus cometa 

(GEIN . ) .  I 8 . 8o- I 8 . I O. 

This section consists almost enti rely of black laminated shale .  Lighter 
beds appear but very sparsely. Pyrite appears near the top in  the form 
of small nodules, and the graptolite rhabdosomes, when preserved in  rel ief, 
are filled with pyrite. At I 8 .  s o  t here is a bed of pyrite up  to I 2 mm thick. 
The boundary of the black shale towards the substratum is  distinct but 
uneven. Th e upper boundary has not been observed .  

This  section ,  surrounded by barren strata above and below, distinguishes 
itself by a remarkable abundance of  graptolites. Tbey are usually flat and 
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consequently not very easy to determine ,  but at certain levels the grapto­
l i tes are entirely or  partly preserved in  rel ief. A few brach iopods have 
been found i n  the highest and lowest parts of th i s  graptolite-hearing section , 
i n  the lowest part also a s ingle valve of an ostracod. 

The following graptolite species occur more or less abundantly throughout 
this section of the core : 

Climacograptus ltughesi NICH. 
Cl. scalaris His.  
Glyptograptus tamariscus (N!CH. )  
Ort/tograptus bellulus (TQT) 
Petalolz"thus palmeus (BARR. )  
Demirastrz"tes decipiens (TQT) 
Monograptus lobiferus M'Cov 
Pernerograptus limatulus (TQT) 
Pristiograptus leptotlzeca (LAPW. )  
P. regularis (TQT) 

Confined to the lower part, I 8 . 8o- 1 8 -40 : 

Petalolithus folium (His. ) 
Demirasfrites convolutus (TQT) 
Monograptus clingani CARH . 
M. ge1111natus BARR. 
M. intermedius LAPW. 
Rastrites approximatus f. approximatus PERNER 
R. peregrinus BARR. 
R. sp .  
Spirograptus elongatus (TQT) 

Only in the upper part, 1 8 -4o- I 8 . I o :  

Cephalograptus co11zeta (GEIN . )  
C. tubulariformis (NICH. ) 
Petalolitlzzts cf. ovato-elongatus (KURCK) 

The section r 8 . 8o- r  8 -40 represents the zon e of Petalolithus folium,  
while t he  section r 8 -4o- r 8 . r o  fal ls within th e zone of Cepltalograptus co­
meta. 

In order to understand the conditions of sedimentation of this shale i t  
is  v ery important to ascertain what is the explanation of i ts  black colour. 
The relatively h igh content of organ ic  matter (8 . 5  % as compared with about 
5 % in  the l ighter grey shales) wil l  but  partly expla in the  colour. Rocks 
with h igh content of organic  matter need not necessari ly be  dark and vice 
versa. However, the h ighest content of organ ic matter has been measu red 
in  the darkest rocks of the Rastrites beds ; the lowest black s hale of 
the Rastrites beds has 7 - 5 % of organic  matter, whi le the content of the 
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other samples analysed is  4- 7 5 - 5  %. A th in ,  graptolite-hearing dark band 
i n  the discus-zone  certainly h ad bu  t 4 - 7  5 % of organ i c con tents, bu  t 
that may be  explained by the dense alternation there of dark beds with 
l ighter ones, so that an analysed sample is  a mixture of the two. 

Consequently , bot h th e l ighter and dark er beds of the Rastrites beds demon­
strate that the sea i n  wh ich these sediments were deposited was rich in 
organic I i fe ,  even i f  th is does not appear i n  form of maero-fossils and 
» Lebensspuren » at all levels .  

As can b e  seen by the zonal sequence,  the black shale in  spite of  
i t s  l imited thickness (0 . 7  m) , was  certainly deposited during a considerable 
t ime. Two d ifferent graptolite zones are represented . The accumulation of 
sediments was p robably very slow and the sediments are far more highly 
organogene i n  origin than i n  the adj oin ing beds.  The precipitates of pyrite 
ind icate stagnant water saturated wi th sulphuretted hydrogen and with but  
l i ttle oxygen .  Traces of bottom fauna are e i ther  very insign ificant or en­
t irely lacking,  which circumstance ,  too,  speaks of stagnated surroundings .  
Currents bu  t rare ly carr ied oxygen and sediments to this area of sedimentation . 
The fossils preserved in  the shale are planktonic  graptol i tes which were de­
posited i n  great numbers, either having been carried there by sea-currents 
but not washed away again, or they got i n to water poisoned by sulphuretted 
hydrogen and died there - or both these hypotheses may be true. Here 
and th ere their rhabdosomes cover the bedding planes .  

P.  E .  RAYMOND has i n  1 942 disenssed the problem of  the pigment of 
black sediments . In that connection he  deals with the abundant occu rrence 
of b lack sediments in  the older Paleozoic systems with graptolites, trilobites , 
etc. , and it is but exceptional ly that he  i s  incl ined to consicler them as 
sed iments eaused by stagnation .  Instead, he emphasizes the wide-spread 
extension of those sed iments and the world-wide occurrence of the fossi l s ,  
especially of the graptolites . From th is he concludes that  neither the de­
composition of organic remains under anaerobe condit ions nor su lphuretted 
hydrogen in stagnated surmundings can be the main cause of the black 
colour of the sediments. RAYMOND maintains that animals with ch it inous 
shei ls were of far greater importance in  the seas of older Paleozoic t imes 
than in  the seas of  to-day. He mentians i narticu late brach iopods ,  tri lobites 
and graptol ites . Fragments of chit inous sheils were, he says, concentrated 
into certain places, e.g. in  mud-bottoms, where they were better protected 
against complete destruction by microbes breaking down the ch iti n ,  and 
so they brought about the black colour of the sediments .  For i n  the course 
of time chit in tums black.  Thus, accord ing to the interesting and plausible 
explanation given by him, chit in wi l l  be the pigment i n  this b lack shale. 
Based on other arguments I nevertheless assert that i t  was deposited in 
rath er stagnated surroundings,  even if  the actual colour of the sediments 
can not be considered conclusive evidence .  
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Furthermore, it is conceivable that it is the various layers , alternatingly 
rich and poor in  chitinous sediments that produce the very dcnsc black 
and grey-striped mudstones both occurring above and below this black 
shale. Graptolites prevail almost exclusively where the black component 
predominates in  more or  less homogeneous bands ; in  the l ighter grey 
m udstones there are mostly brach iopods with calcareous shel ls ,  but no 
graptol ites . 

4 · Grey and Red Mudsto n e  with Black Bands a n d  B e d s  of B e ntonite.  

Zones of Spirograptus turriculatus (BARR.) ,  Mon ograptus discus TQT 
and very I ikely also of M. sedgwicki PORTL. I S . I o-3 . 3 6. 

This seetian consists of grey and greyish green, and of red and reddish 
brown mudstones, which pass one into another without any sharp bound­
ar ies .  At a number of levels there appear in  the grey mudstones dark beds 
and layers r ich in graptolites, alternat ing with the grey beds. In addition , 
there are some single layers of l imestone and several layers of bentonite . 

The graptolite-hearing dark m udstone layers - >> bands » according to 
British terminology - have no  very great indiv idual  thi ckness. In some 
places the dark, a few mm thick layers alternate with l ighter beds ,  in  other 
places they attain  a thickness of  z- r o  cm. As a rule, dark and l ight beds 
follow closely upon each other, sometimes one type ,  sometimes the other 
predominates. The graptol ite-hearing layers are most ly pure black but 
a few of them are more or less brown in  colour .  

Lighter mudstones without dark bands predominate .  The colour is  usually 
grey to l ight grey, yellowish grey or bluish grey, often with spots or thin 
streaks of darker rock. At I 6 . 5 o- I 6 .oo, I 5 . 30- I 5 .0 3 ,  6 . 2 5 -6.09 and 
5 .64-3 . 87  there is found reddish brown mudstone ,  which towards the 
upper and lower boundaries changes into pure brown and greyish brown , 
and wh ich there alternates with grey and greyish green mudstone .  The 
rock is  generally very fine-gra ined .  At 6 . 5 8  there occur a number of l ight 
yellowish grey , sandy concretions and spots i n  the grey mudstone.  Spots 
and Iines of l ight mudstone in  dark mudstone or the reverse ,  i. e . dark 
mudstone in light mudstone ,  structures which may be explained as trails 
or burrows of worms or other animals ,  appear at several levels . 

At 1 4 .69 there occurs a clayey somewhat rusty greyish vi olet l imestone 
forming a nodular bed up  to I cm thick, which is overlain by benton ite .  

Especially interesting are the beds of volcan ic  ashes which in the form 
of greenish grey and sometimes yellowish grey bentonite' with numerous 
micaceous scales have been deposited at several levels within the Upper 
Rastrites beds, as I h ave already reported on a previous occasion (THORS-

' Future petrographic examinations of  S wedish beds of  bentonile wi l l  show whether 

this  i s  really bentonile or some other rock of a similar type.  
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LUND I 945 ) . A specification of  the levels as weil as an estimate of the 
thicknesses of the beds fol lows below. In  v iew of the easy destructibi l ity 
of benton ite through dri l l ing or water, this estimate is given with a certain 
reservation only .  

I 7 . 80 3 mm ; 
I 7 . 7 2 - I 7 . 70 about I 6  mm (the bentonite is strongly intermingled with 

grains of biotite) ; 
I 5 . 66- I 5 .60 6o mm (this is the thickest bed .  The colour is yellowish grey 

and the bentonite is strongly intermingled with mica. At the top , 
brownish yellow micaceous bentonite alternates with l ight grey mud­
stone .  The bentonite here l ies with a boundary as sharp as a razor­
edge on black mudstone with S. turriculatus) ; 

I 4 .68 o-2 mm (on l imestone) ; 
I 3 . 2 3  about I O  mm (mixed with rusty grains) ; 
1 0. 5 5  some mm ; 
6 . 3 5  a few cm (the core having been badly crushed, it was not possible 

to determine the leve! ; bu  t as the water-level of the Kullatorp spring 
is  at 6 . 3 3  and as levels of springs h ave been found i n  other places 
immediately on  the beds of bentonite, i t  seems reasonable to locate 
the bentonite to the leve! stated above) . 

Thus 7 positive levels of bentonite have been observed . 
It has already been pointed out before that th e graptolites are mostly 

confined to the darkest mudstones while other fossi ls ,  brach iopods, trilobites, 
etc. , usually occur in  l ighter rocks . This i s  strongly pronounced in  the 
upper zones of  the Rastrites beds. We find a number of levels with finely 
bedded b lack mudstone,  bands, often rich in  graptolites and with single 
lingulida, intercalated by thick beds of l ight grey, greyish green or  reddish 
brown mudstone showing bu t a sparse fauna consisting mainly of  articulate 
brach iopods, but never of graptolites . 

Apart from the brachiopods, which h ave not yet been fully deter­
mined , a conodon t has been found at I I .68 .  

Above the b lack graptol ite sha le  in  the  C. cometa zone follow some 
metres of greyish green and brownish red , but very sp�rsely fossil -hearing 
mudstone .  Favosites gothlmzdicus LAMARCK formajorbesi ED'vVARDS & HAIME 
( 1 7 . 2 5 ) and fragments of  brach iapads with phosphatic sh eils are the only 
fossils found in the core. An exact determination of the stratigraphic leve! 
can not be  based on these fossils . The beds of bentonite at I 7 . 80 and 
1 7 . 70,  on the other hand,  seem to indicate the zone of M. sedgwicki. This 
wil l  be further d iscussed on p .  463 . 

At I 5 . 66 t here is a t h in  bed of black mudstone with graptolites. The 
species Spirograptus turriculatus (BARR. ) , Monograptus (Streptograptus) nm­
cillatus LAPW. ,  Petalolitltus palmeus (BARR . ) and Flegmatograptus obesus 
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(LAPW.)  show that we have reached the S. turrieu!atus zone at this leve! . 
It extends at !east up  to I 3 . 70 m and i n  addit ion to the species narned 
above i t  contains also Monograptus (Str. )  exiguus NICII . ,  M. marri PERNER, 
M. pandus LAPW. ,  Spirograptus proteus BARR . ,  S. torti!is PERNER and 
G!yptograptus tamarisetts (NICH . ) .  The three bands belonging to this zone 
are th i n ; I cm at I 5 .66,  I cm at 1 4 . 3 2  and 4 cm at I 3 . 7 2- 1 3 .68 .  Above 
them there follow th ree bands : at 1 3 . 3 8- I 3 . 3 5 ,  I 3 . I 8- I 3 . 1 5  and I 2 . 5 8-
I 2 . 5 5 ,  which with some hesitation only may be referred to th is zone as 
the graptolites in those bands are common to the 5. turrieu!atus and Mono­
graptus disetts zones : 

G!yptograptus tamarisetts (NICI-1 . )  
Peta!o!it!tus tenuis (BARR. ) 
Monograptus marri PERNER 
M. (Streptograptus) becki BARR. 

M. (Str. ?) aff. dextrorsus TULLB. 
Pristiograptus mtdus (LAPW. ) 
Spirograptus protetts (BARR. ) 

The M. discus zone begins at I 2 . 20 with the appearance of the zone 
fossil M. diseus TQT. About twenty bands contain a graptolite fauna,  r ich 
in  species and individuals ,  characteristic for th is  zone .  _ll,f. discus may be 
traced up to 7 . 60 and Diversograptus sartorius (TQT) st i l l  occurs at 6 . 70. 
Then , however, the beds w ith their reddish brown and grey mudstones are 
completely barren up to 2 . 8 7 .  In spite of the lack of fossils but in account 
of  the facies I have ehosen to extend this section , and consequently the 
M. diseus zone too,  to 3 . 3 6  m.  Thereby the reddish brown mudstone beds 
between 6.30 and 3 . 8 5  are assigned to the same series as the reddish brown 
mudstones appearing earlier at I 6  m, I 5 m and outside the care South of 
the diabase cap at a leve! corresponding to about I 3  m .  At 3 . 3 6  there follow 
several sandy beds and at 2 . 8 7  the graptol ites of the Retiol ites beds. 

With regard to the distribution of the graptolites i n  the care the M. diseus 
zone i s  d iv isble into two parts , a lower part, I 2 . I 5 -9. I O, and an upper part , 
9.0-6 .7  (3 . 36) .  

In the lower part have been found :  

G!yptograptus tamarisetts {NICI-I . )  
Peta!o!itftus tmuis (BARR.) 
Mo1wgraptus erz'.lpus LAPW. 
M. diseus TQT 
M. 1narri PERNER 
M. pandus LAPW.  

M. priodon BRONN 
M. (Streptograptus) aff. dextrorsus TCLLB. 
M. (Str.) cxiguus NICH.  
Pristiograptus mtdus (LAPW. ) 
Spirograptus ptanus (BARR. ) 
S. proteus (BARR. ) 
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With the exception of M. crispus and M. discus these species occur also 
10 lower beds and most of  them continue in  the upper part of the zone .  

At 9 m appear an additional nu mber of species, most of  them being 
typical for the M. discus zone ; a couple of them, however ,  Monoclimacis 
crmulata (TQT) and Retiolites geinitziauus BARR . ,  are forerunners of the 
Retiol ites beds . 

Of  the species already met with at lower levels the following ones 
surv1ve : 

Petalolitftus tmuis (BARR. )  
Flegmatograptus obesus (LAPW.) 
Monograptus crispus LAPW. 
M. discus TQT 
M. marri PERNER 
M. priodon BRONN 
M: (Streptograptus) exiguus NICH. 
Spirograptus planus (BARR . )  
S. proteus (BARR .)  

The following are new for the leve! : 

Retiolites geinitzianus BARR. 
Demirastrites pragensis PRIBYL var .  
Diversograptus sartorius (TQT) 
Mouodimacis crenulata (TQT) 
Monod. cf. griestoniensis (NICHOL) 
Pristiograptus pergratus PRIEYL 
Spirograptus jlagellaris (TQT) 
S. sp .  

Only by a comparison with deposits of the same age in other  localit ies 
can i t be settled how this i nerease in  the fauna is to be explained : w hether 
better conditions were the cause of  the richer fauna or  whether we have 
really found a stratigraphically valid boundary. 

Retiolites Beds . 3 . 36-o.oo. 

The core comprises hut l i ttle more than 3 m of the Retiolites beds. 
The boundary towards the Rastrites beds has in  the profile on p . 434 been 
fixed to some sandstone lenses at 3 . 36  m .  

The  rock in t he  core is chi efiy a dark grey to greyish brown and 
greyish green , hard mudstone ,  showing here and there l ight spots of  siltstone 
or sandstone !enses. The  crevices in the upper  parts are  usually bluish 
black owing to precipitates of iron .  The rock is here strikingly harder and 
sandier than in the underlying M. disetts zone. It  is  noncalcareous. From 
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2 . 8 7  m upwards there are sparse fossils throughout the whole care, the 
graptoli tes seeming to be confined to the dark types of  mudstone,  the 
brach iapads occurring both in those beds and especial ly in the l ighter ones .  

The fol lowing species have been found :  

Monoclimacis confinens (TQT) (o. 8o ; 2 . 0) 
Monod. crmulata (TQT) 
Monod. aff. griestoniensis (NICHOL) (2 .0) 
Monograptus crispus LAPW. var .  
M. priodon BRONN 
Spirograptus spirafis (GEIN. )  (2 . 87 )  and 
Lingula sp . ,  articulate brachiapads and ostracods (o. 68 ; 0 . 70) .  

II . Retiolites Beds above the Core Sequence. 

To the descri ption of the sequence series of the core I should l ike to 
add same field observations regarding those portions of the Retiolites beds 
that l i e  above the zero point of  the boring ;  · they comprise 22 . 7  m. 

Above the to p of the boring, 2 5 7 .  r 2 m a bo ve sea leve! ,  black and grey 
mudstones fol low up to 2 79. 8 m, where the sequence i s  interrupted by 
intrusive diabase. The rock i s  contact-metamorphically infiuenced by the 
diabase. Though this inftuence decreases with the distance from the contact 
surface, i t i s  stil l d iscernible at a depth of 2 5 m below the diabase. Even 
on the boundary the fossils have not been extinguisbed, hut tbey are badly 
preserved , being strongly crystall ized . The general character of the fauna 
can , consequently, be establ ished but  i t  is  ratber difficult to undertake more 
detailed examinat ions .  Up to about 270 m the beds are wei l  accessible 
i n  road cutt ings both on  the eastern and western s ide of Högkullen , the 
local name of the top of Kinnekulle .  

In the lowest part, the rock consists of  distinctly slaty dark mudstone, 
wbile h igher up i t  generally bas a l igbter colour .  It is  brownisb grey at 
about 2 7 2  m, turning light greyish brown at 276 m. The superficial  beds 
are very rusty. Same very l ight beds have been observed at a few levels .  
Thus,  a bed of pale yellow mudstone about ro cm thick occurs at 260.68 m 
i n  the road cutti ng  immediately SSW of the boring place .  The same bed 
is  encountered i n  the quarry samewhat NE of  the boring place at 2 6 1 .09 m .  
On the eastern side of Högkul len ,  a similar bed bas been observed at 
267 . 3 2  m and a white rock, about one cm th i ck, with yellowish white grains 
at 270. 7 3  m. Judging  from i ts appearance, I consicler i t  very probable tbat 
th is last narned bed consists of metamorpbic  bentonite .  Also the other very 
l ight beds here d iscussed may be of the same origin ,  hut  lacking sufficient 
petrographical facts, I can only express th is as a supposit ion . 

Apart from very few sparadie  brachiopods, the fauna consists almost 
exclusively of graptolites . At certain levels they are quite numerous, especially 
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Mouoclimacis crenulata s. 1 . ,  Monograptus priodon and Spirograptus spira/is. 
Thus, e .g. the following species h ave been found high up i n  the road cutting 
SSW of the boring place at about 260 m above sea leve! : Monograptus 
priodon BRONN, Spirograptus planus (BARR. ) ,  5. spirafis (GEIN. ) , M. (�trepto­
graptus) nodifer TQT, Monoclimacis sublimzarssoni PRI BYL and Diversograp­
tus sp .  

In the western s lope ,  a short distance south of the way up to the diabase 
cap 2 76 .6 m above sea leve!, the following species could be identified with 
more or less certainty : Morwgraptus priodon BRONN (though with a sl ightly 
bent proximal end which recalls M. riccartonmsis (LAPW.) ) ,  JJ;lonoclimacis 
limzarssoni (TULLB. ) (numerous) , Spirograptus spi7'alis (GEIN . ) ( r specimen ) , 
JIII. sp . ,  Cyrtograptus aff. lapwortlzi TULLB . ,  C. sp .  and Retiolites geinitzianus 
BARR. The determination is rendered difficult by the poor state of preservation 
of  the fossils . They mostly appear as hollow spaces i n  the rock, filled with 
a partly crystall ized rusty powder. 

Graptol ites could also be traced close to the d iabase i n  the l ight yel­
lowish brown and bard, rather fine-stratified mudstone ; but i t  was impos­
s ible to identify them. 

III .  Chemical T ests 
carried out  by P. G R UNDULls  of t h e  Palaeontologi cal  Inst i tute of Uppsala.  

l Dissolved In Loss by ignition .  Fe s l boil ing 
l di luted HCl Mainly organic  

(Mainly CaC03) matter 

% % % % 

I . D almanitina beds,  l i mestone 34· 5 3  
-34- 5 7  8 ! . 2 5  1 . 2 5  1 . 2 5 0.07 5 6  

2 .  Dalman i t i n a  b e d s ,  calcareous sand-
stone 3 3 - 5 3-3 3 - 5 7  6o. s  2 . 0  1 . 3 7  5 -

3 ·  Dalmanit ina beds, sandstone 3 2 . 8 7  
-3 2 . 9 5  3 4 · 5  ! . 7  5 2 . 8 7 5  -

' 4 - Hoastrites beds,  lowest  black m u  d-i 
ston e 3 2 - 5 5 - 3 2 . 6 2  z . s  7 - 5  4 - 5  -

s . Rastrites beds,  lower grey m u d s tone 
26 .6 5 - 2 6 . 70 1 1 . 5  4 - 7 5  4 - 3 7 5  -

6. H.astr i tes  beds ,  l imestone,  1 8 .94-
1 9 -44 76.76 1 . 4 - -

7 - Rastrites bed s ,  C.  come t a  z o n  e ,  
black m udstone I s . s s  4 - 7 5 8 . 5  4 - 3 7 5  0.397 

8 .  Rastrites b e d s ,  M .  discus  zon e ,  
graptol i te-hearing band 7 .60- 7 . 6 5  2 . 7 5  4 - 7 5  5 ·0 0.0 

9 · Rastrites beds ,  M .  discus  zon e ,  grey 
mudstone 7 . 8 . 4 - 5 4 .0 1 0 . 3 7 5  0. 1 2 1  

1 0 .  Rastrites  beds ,  M. discus  zone,  red 
mudstone 5 .0 . l .  O 5 -0 7 . 1 2 5  0.0 
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IV. Remarks on Climacograptus scalaris His. var. normalis Lapw 

and some related species in the core. 

In the lowest parts of  the core a fairly rich fauna of often quite weil 
p reserved Climacograptidi has been observed . With this material some im­
portant results, both from a systematic and a stratigraph ic  po int  of v iew,  
have been ach i eved. I shall ,  therefore ,  give a survey of the species found 
and descriptions of some new speci es and forms. I n  th is Connection I wish 
to refer to DAVIES 's  account ( I 929) of some part ly contemporaneous fossils 
in Great Britai n ,  as weil as to my d iscussion on  the strat igraphic  facts 
ascertained (pp .  46 I ,  462 ) .  

Climacograptus scalaris v .  normalis ' has a very l im ited extension at  
Kinnekulle .  The species occurs in  the lower  parts of the dark graptolite 
shale at the base of  the Rastrites beds between 3 2 . 7 5  and 3 2 . 5 2 .  

P r i n c i p a l d a t a :  Sicula vis ible o n  the obverse s ide up  t o  a length of 
I .  I 5 mm.  Rhabdosome at th I 0 .70 mm broad (o.6 s -o. 8o) , distally not 
exceeding 1 . 3 mm. Number of thecae in  5 mm 5 . 2-6 (distance between 
the apertures of th I ' - 5 ' = 3 . 2 5-3 .6  mm) . Septum begins at 1 . 2- 1 . 3 5  and 
and 1 .6- 1 . 7 (measured in  proportion to theca I ' , 2 ' ,  etc. , cf. p .  454) . 

From this species a number of  other species and types as enumerated 
below may have or iginated : 

Cl. scalaris Hrs. v .  transgredims n .  var .  forma (t,-o. 
Cl. medius TQT. 
Cl. premeditts n. sp .  
Cl. indivisus (DAVIEs) . 
Cl. rectangularis M'COY. 

Closely related to Cl. scalaris v .  normalis i s  a lso Cl. scalaris v .  misera­
bifis E. & W .  I t is a mu ch more slender type ,  i ts breadth not exceeding I .o mm.  

Cl. scalaris v .  transgrediens occurs at Kinnekulle chiefly i n  the upper 
part of the dark sha le  at the base of the Rastrites beds and also a few 
ruetres h igher up i n  the sequence. Regarding the distribution of the v arious 
forms vide fig. 2 .  

P r i n c i p a l d a t a :  The four forms of  var .  transgrediens, viz. (t,-o, the 
subdivis ion based upon the beginn ing of the septum on the reverse side, 
show i n  most respects but  l ittle variation , though some trends may be traced . 

Visible part of s icula 0.90 mm ( i n  two early specimens I .  I 5 mm ) . 
' There can be same doubt whether it is appropriate to designate this type as a 

variety of the much younger Cl. scalaris H is .  As  I h ave as yet not  been able to come 
to a definite conclusion regarding the details o f  Cl. scalaris I must here desist from 
d rawing any systematical conclusions.  H I SINGER's  h olotype being in scalari form view is 

not of  much help .  Other specimens I h ave seen show a close resemblance to var. nor­
malis. In contrast to British specimens (E!.LES & WooD 1 9 1 8 , p. 1 84, 1 8 5 )  they sometimes 
exceed a length of 20 mm being 30 mm and more. 

3 1 -46595.  Bwl. o f  Geol. Vol. XXXII. 
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Rhabdosome at th I '  o.6o-o. 7 5 m m  broad , d istall y i t attains a breadth 
of 1 . 5 mm, but probably not rnore . Number of thecae in  5 mm 6 in  forma 
IX and � .  6-6 .2  i n  forma y and a (distance between th e a pertures of th I I _ 
5 '  = 3 .0-3 .4 m m  in  forma IX and � '  2 . 8-3 . 3  mm i n  forma y and a) . 
Septum begins at 2 .  I 7 in IX, 2 - 5 7-2 .87  in � . 3 - 0-3 . 2 7  i n  y and 3 - 5 3-3 - 80 in a. 

Cl. medius appears later than the types j ust described, and since the 
graptolite facies soon begins to recede ,  only some few widely scattered 
specimens have been observed.  At Kinnekulle, the lowest level where it 
appears is at  30 .6 m .  

P r i n c i p a l  d a t a :  Visible part of the sicula 0 . 8 5  mm.  
Rhabdosome at th  I '  0. 7 5  mm (o. 7o-o.8o) broad, distally the rhabdo­

some attains a breadth of 1 .6 mm . Number of thecae in  5 mm 5 .6-6. 5 
(distance between the apertures of th 1 '-5 ' = 2 . 8-3 . 5  mm ) . Septum be­
gins at th 4 and  h igher up .  

Cl. scalaris v .  transgrediens forms a transition between Cl. scalaris v .  
normalis a n d  Cl. medius with regard t o  t h e  time of its appearance a s  weil 
as to its anatomical characteristics . Cl. scalaris v. transgrediens occurs 
s imultaneausly with and somewhat later than Cl. scalaris v. normalis, first 
forma IX appears , then forma � '  y and a ,  and the last surviving specimens 
are contemporaneous with the earl ier occurrences of Cl. medius. 

Out of a material of  30 specimens ( C l. scalaris v. normalis 9, C l. sea­
laris v .  transgrediens I 8 ,  C l. medius 3 ) the following tendencies in the 
development of C l. scalaris v .  normalis in to C l. medius ma y be traced : 

The first thecae have a tendency to conceal more and more of the 
sicula ; v is ib le part = I .  I s -o. 8 5 mm. The proximal part of the rhabdosome 
seems to retain its breadth , or poss ib ly to sl ightly diminish it ; distal ly the 
maximum breadth increases from 1 . 3  mm to 1 .6 mm,  both figures indicating, 
however, rather the tendency than the maximum breadth . There are broader 
specimens ,  but the species could not be determined as the proximal  end 
was missing .  The frequency of the thecae (number of thecae in  5 mm ) 
seems to i ncrease (counted per I O  m m  from I 0 -4- I 2  to I I - I 3 ) - Often 
the measure for the distance between th I '  and th 5 '  g ives a more exact and 
better express ion for the same th ing .  The posit ion of the beginning of the 
septum on th e reverse side (on the obverse s ide the septum reaches the 
sicula) sopplies the  most important systematic characteristic .  In this group 
of species there is a tendency on th e part of an ever- increasing  number of 
thecae ,  after growing out from their predecessors, to cross the middle I ine 
and  open on  the opposite s ide .  Thus the stage i s  delayed when from one 
theca two fresh thecae bud out ,  each of them forming the or ig in of new 
thecae i n  two rows ly ing back to  back and separated by a septum.  

The septum of Cl. scalaris v .  normalis begins at  about 1 . 2 5  and 1 . 7 ;  
in Cl. scalaris v .  transgrediens i t  begins at about 2 .  I 7 ,  2 . 7 ,  3 - I 5 and 3 . 6 5 ,  
and i n  C l. medius a t  4 an d 5 .  
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Fig.  3 - Di agram sh owing t h e  beginning of t h e  seplum on t h e  reverse side i n  relat ion 

t o  t h e  t h ecae of  the  righ t-h a n d  row. M easures taken from t h e  lower margin of  t h e  theca 

openings.  T h e  X-ax i s  i n d i cates the  thecae 1 '-4' (r ight- h a n d  row w hen seen from t h e  

reverse sid e). T h e  Y-axis  i n d i cates th e space between t w o  consecutive theca open i n g s .  

E.g. t h e  u ppermost d o t  i n  t h e  middle  r o w  i s  to  be r e a d  as 2 . 86 a n d  means that  t h e  

septum stretches  d o w n  to  a leve! between t h e  openings of  t h  2 '  a n d  3'  and e n d s  qui te  

near to t h e  opening o f  t h  3 ' .  

F i g .  4 - Graph based u p o n  fi g .  3 - T h e  X-axis  i n d i cates t h e  space between two con­

secutive theca openings n o  matter w h i c h .  The distance from t h e  lower theca opening 

t o  the upper one i s  given i n  percen t .  T h e  plott ings h ave been classed togeth er : o r - 2o 

under r o ; r 1 -30 under 20 etc. The Y- axi s i n d i cates t h e  number of specimens measure d .  

In order to show the connection between the beginning of the septum 
and the budding out of two thecae from one theca thus forming two rows 
of thecae, I have plotted down i n  a d iagram the point marking the be­
ginning of the septum (fig. 3) .  A curve based upon th i s  diagram shows two 
maxima (fig. 4) . One of the maxima represents the state when the two 
thecae have budded from a theca opening on the right side of the m iddle 
I ine, the other when they have budded from a theca opening on the left s ide .  

Besides the types c i ted above some addit ional ones may derive from 
Cl. scalaris v .  normalis, vzz . :  

Cl. premedius. 
C l. indivisus _ 
Cl. rectangularis. 

Cl. jJ1'onedius. Only two specimens are known from th e Kullatorp core 
in  the lowest black Rastrites shale between 3 2 .62 and 3 2 . 5 2 .  

P r i n c i p a l  d a t a :  Visible part o f  the s icula 0 . 8  mm.  
Rhabdosome at th r '  o .  s o  mm broad, el istall y i t atta ins a breadth of 
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r . 6 5  mm. Number of thecae in 5 mm 4 . 7  (i. e. 9· 5 th in  1 0  mm), distance 
between the apertures of  th I '- 5 '  = 4-4 mm). Septum begins at 3 . 2-4. 

Thus it is the slender proximal part, the more widely spaced thecae, 
and the late appearance of the septum that d isti nguish this species. 

C!. indivisus occurs rarely in the lowest black Rastrites shale at  3 2 . 5 5 ,  
and I specimen at 30. 8 8 .  

P r i n c i p a l d a t a :  Visible part of t he  sicula 0.9- r .o mm.  
Rhabdosome at th I '  o .65  mm (o.6o-o.6 5 )  broad, distally a breadth 

of 1 . 9 mm has been measured. Number of thecae in  5 mm 5 . 8  (distance 
between the a pertures of th I '-5 '  = 3 -4 mm). Septum i s  entirely m issing 
on reverse and obverse s ides .  

Cl. rectangularis . The lowest leve! at which i t  has been detected i s  
2 8 . 5 5 ;  i t  then appears h igber up ,  though on ly sparsely owing to the rela­
t ively unsuitable facies .  

P r i n c i p l e d a t a :  Vis ible part of the sicula a bo ut I mm. 
Rhabdosome at th I '  0.65 mm (o . 6 s-o . 7 5 ) , distally a maximum breadth 

of 1 . 9 mm has been measured. Number of thecae i n  5 mm 6 . 3  (distance 
between the apertures of  th I '- 5 '  = 3 . 2-3 .6  mm). Septum begins at 
I . 3 - I .6 .  

The early development of the septum and the  rapidly increasing breadth 
are the characterist ic  features of this species .  

\iVhi le each of the three last narned species , C!. premedius, C!. indivisus, 
and Cl. rectangularis, may be supposed to have originated from Cl. scalaris 
v .  normalis or  a closely al l ied type,  none of them can be assumed to h ave 
originated from either  of the other  two. 

D e s c r i p t i o n  o f  n e w  F o r m s :  

Clim acograptus scalaris His. v .  transgrediens n .  var. 
PI .  XXVI, fig. z ,  3 .  

1 929 Cl. scalaris- Cl. medius transient DAVJES  p .  7 ,  fi g s .  2 8 ,  3 1 .  

H o l o t y p e :  gr. I 2 23  b (forma �) .  
M a t e r i a l :  A number of specimens from the Kullatorp core ,  Kinne­

kulle ,  Vestergötland . 
D i a g n o s i s :  Cl. medius- Cl. scalaris v .  normalis. Septum on the reverse 

side begins between th 2' and 4' .  
D e s c r i p t i o n :  The rhabdosome is straight ,  rare  ly exceed ing 20 mm. 

Owing to the bend of th r '  the rhabdosome tapers samewhat towards the  
proximal end ; i t attains ,  however, a breadth of 0 . 7  mm at the aperture of  
th  I ' ;  at th 3 '  the breadth i s  a bo ut  0.9 mm. D istall y I 2 mm from the  
proximal end ,  a breadth of  r . s  mm has  been measured. Thus  the rhabdo­
some very slowly increases i n  breadth . 
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On the reverse s ide most of the sicula Is concealed by th I 2• On the 
obverse side i t  can be traced somewhat farther, i ts proximal part, however,  
being partly covered . On two early specimens the length of the visible 
part has been ascertained to be I .  I 5 mm and on three other specimens 
0 . 8 5-0.90 mm.  

A v irgella proj ects downwards from the sicula and - as is  mostly true 
of  specimens in rel ief - it is  usually broken.  In  several cases i t  has ,  how­
ever, a length of 1 . 3 - 1 . 8  mm, i n  one case 3 . I mm. Theca I '  buds out 
rather h igh up on the wall of the sicula .  It grows down the sicula ,  and 
then turns i n  a sharp bend at or somewhat below the aperture of  the 
sicula ,  whereupon i t  grows upwa rds again and opens almost I mm above its 
lowest part. Th I ' gives rise to th I 2 , and t hat on e gro w s obl iquely upwards 
over the sicula on the reverse s ide .  The inner walls of the thecae have a 
feebly s igmoid curvature, and h ighest up  they run out to the border, form­
ing a roof over the semicircular aperture. The outer walls, on the other 
hand ,  first run parallel with the inner walls of the preced ing thecae but 
bend sharply on  reach ing the margin of the rhabdosome and then run 
almost parallel with the axis of the rhabdosome. 

At the proximal end there are 6 to 6 .2 thecae in  5 mm, which ,  with 
reference to a couple of specimens of the requ ired length , may be inter­
preted as I z-- I 2 - 4  th in 1 0  mm. By measur ing the distance between the 
to p of th I ' and the to p of th 5 ', thus 4 thecae, I have obtained another 
measure for the doseness of the thecae. This measure varied between 3 .0 
and 3 -4 i n  forma a and � ,  2 . 8  to 3 · 3  in forma "( and o .  Thus the thecae 
of forma "( and o seem to have been somewhat more closely set than those 
of forma a and � · 

The septum is complete on the obverse s ide but incomplete on the 
reverse s ide .  A tendency to delay the development of the septum has been 
observed , so that on  ascending in  the sequence one observes how its formation 
begins h igher and h igher up in  the rhabdosome .  There are four  separate 
forms with d ifferent vertical extension . 

Fonna a and � :  The septmn begins between th 2 '  and 3 ' , either at 
z . I 6-z . I 8  or at 2 . 5 J-z . 86 .  

Forma "( and o :  The septum begins between th 3 '  and 4 '  either at  
3 . 0-3 . 2 7  or at 3 · 5 3-3 . 80 . 

The  septum is straight or only sl ightly undulating .  There is ,  however, 
a specimen (gr. I I 96) from leve) 29 . 2  with a strongly undulat ing septum . 
According to the in it ial part of  i ts septum i t  should be placed in  forma � ·  

D i s c u s s i o n :  As  already pointed ou t  by  DAVIES ( r 929 ,  p .  8 ) ,  th is  
variety seems to constitute a transit ion between Cl. scalaris v .  normalis and 
C!. medius. Thus i t is  open to discuss ion to wh ich of  those species i t ought  
to be referred .  Cl. scalaris v .  normalis usually has a more  complete septum.  
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DAVIES reports , however, forms from the zone of Glyptograptus persculplus 
in Wales which owing to the delaying of the septum lead to Cl. medius. 

Cl. medius has an incomplete septum on the reverse s ide .  It begins at 
the fourth or fifth thecal pair ,  i.e .  according to the terminology given above, 
at (4) 4 . 2-5 . Cl. scalaris v. trmzsgrediens covers the shift ing of the septum 
between 2 . 1 6  and 3 . 8 .  

Also a s  regards s ize this variety seems to  l i e  sotnewhere between the 
species mentioned above .  And this i s  the case ,  too,  with regard to the 
development of  the v i rgella. The latter seems to have been at least 2 mm 
Iong but no further development of the sp ina at the proximal end has been 
observed . 

Judging from the position of the septum,  the specimens figured by 
DA VIES ( I  929) seem to belong to forma a .  

For t he  associated fauna I refer to my description of  t he  core.  
H o r i z o n :  The zon e of Akzdograptus acuminatus, Kinnekulle , Sweden . 

In  the same zone and on  the boundary towards the zone of Gl)ptograptus 
persculplus in Great Britai n .  

Climacograptus premedius n .  sp .  
PI .  X X V I ,  fig. 5 ·  

H o l o t y p e : gr .  I 2 30 .  
M a t e r i a l :  2 specimens gr. I 2 29  and gr .  I 2 30  from the levels 3 2 .  54  and 

3 2 .63 in  the Kullatorp core. The specimens are preserved in probably al­
most full rel ief and filled with pyrite . Only the reverse side has been observed . 

D i a g n o s i s :  Cl. with slender proximal end.  4 · 7  th i n  5 mm.  Septum 
begins at 3 . 2-4 on the reverse s ide .  

D e s c r i p t i o n :  The rhabdosome Is Iong,  si en der and straight .  The 
breadth at th I i s  0 . 5 mm, at th 3 0 .65  and 0 . 7 5  mm resp . ,  at th 6 I .  I 
and 0 .9 mm resp . ,  and d istally 1 . 8 and 1 . 5 mm resp .  From a very slender 
p roximal end the rhabdosome thus smoothly and continuously i ncreases in 
breadth towards the distal end ; i t  atta ins a length of I 7 . 3  and I 7 . 5  mm.  

The s icula i s  but partly v is ible from the reverse s ide ,  i t s  aperture being 
about on a level with the lowest part of th I ' . The v irgella attains a length 
of at least I mm .  

It could no t  be observed whence t h  I '  emerges from the  s icula .  The 
theca first grows downwards and bends upwards at about the aperture of  
the s icu la .  It then grows upwards, to that  i ts  aperture l i es I mm h igher 
th an i ts lo w est part. Th I 2 grows obliquely over the sicula ,  so t hat the 
first two thecae almost completely cover the s icula on  the reverse s ide .  
The walls of the  thecae run  almost parallel with the axis of the rhabdosome. 
While the ventraJ or outer wall is  quite straight ,  the dorsal wall shows a 
rather  feeble sigmoid curvature. The h ighest part of the dorsal wall proj ects 
l ike a roof over the rounded aperture excavated to about a quarter of the 
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rhabdosome's breadth . The feature last described can only be observed 
when the rhabdosome 1s preserved in ful l  relief and can be seen in bi­
protile view. 

9 thecae in  ro mm on either s ide .  
The septum begins on the reverse s ide on a leve! with the aperture 0 1  

th 4 in  gr .  I 2 29 and at th 3 in gr. I 230 .  In gr. I 2 30  the sicula ,  and , 
then , each theca up  to th 3 " . gives rise to one new theca, which, growing 
obl iquely upwards, erosses the middle I ine  of the rhabdosome,  bu t th 4 I 
gives ris e to two thecae, t h 42 and 5 I . Those, i n  their tum , and al l  the 
following ones ,  give rise to only one theca each .  

It can, however, not be  stated with absolute certainty whether i t  is really 
theca 4 I  that gives rise to two thecae, s ince the thecae cannot  be  traced 
into the interior of the rhabdosome uniess i t  i s  sect ioned.  It seems to me ,  
however, that  the s l ight  ben d to the r ight ,  visible at the lower end of  the 
septum ,  i ndicates that  the last  theca that  erosses the middle I ine came from 
the r ight and ran obl iquely to the left (if ,  moreover, BULMAN I 93 2 ,  p .  I 5 ) .  

D i s c u s s i o n :  The  typical characteristics of this species are : 
I ) the slender rhabdosome, w h ich slowly and continuously increases i n  

breadth , t h e  maximum breadth attained being,  however, no t  very con­
siderable ; 

2 ) the number of th  in  r o  mm (9 th ) (less than the usual number) ; 
3 ) the septum, which begins bu t on a leve! with the aperture of th 3 ' ,  

4 ' . resp . 
H o r i z o n :  The base of  the zon e of  Akidograptus acuminatus at Kinne­

kulle , Sweden . DAVIEs reports s imilar forms from the same zone i n  Great 
Britain . 

Climacograptus indivisus (DAVIEs) . 
PI.  XXVI,  fig. 6 , 7 .  

1 929 C!imacograptus scalaris m u t .  indivisus DAVIES p .  7 ,  figs .  26,  30. 
H o l o t y p e :  DAVIEs I 929 tig .  26 .  
M a t e r i a l :  Some few specimens from levels 3 2 -48-3 2 . 5 5  and one 

specimen from leve! 3 3 . 8 8  in  the Kullatorp core  (Nos. gr .  I 2 2 3  a ,  1 2 28  b .  
1 2 3 I b ,  I 2 5 I ,  I 2 5 3 a and I 264 a) . 

D i a g n o s i s :  C!. without visible septum. Ou  ter end of v irgella bifurcated . 
D e s c r i p t i o n :  The rhabdosome is s lender and straight .  The breadth 

at th I I- I 2  is 0 .6-0 .7  mm and at th 6 I .O- I . I  mm, whereupon the rhabdo­
some does not seem to increase further in  breadth . The rhabdosome tapers 
somewhat, though inconsiderably , towards th e proximal end.  Part of 
the sicula is discernible from the reverse s ide .  Its aperture is on a leve! 
with the lowest part of t h I I . The v i rgella can attain  quite a considerable 
length (2 . 8  mm in gr. 1 264 a) . At  a distance of about I mm from the aper­
ture of the sicula the v i rgella forks. The two branches, which are samewhat 
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more slender than the main part o f  the v irgella, form a n  angle of 40-60° 
with one another. Their ends are sl ightly curved towards each other. I 
have observed a forked virgella in t wo specimens of this species (gr. 1 2 2 3 a ,  
I 264 a ) bu t not in  an y other graptolite in  the rest  of  the fauna.  l t is dif­
ficult to express an opinion regarding its function ;  possibly i t served to 
facil itate the power of floating .  

Th I I may be observed to bud out high up  on th e s icula : i t  then runs 
down the s icula almost as far as the aperture, where i t  tums and grows 
upwards and opens samewhat above the h ighest vis ible part of the sicula. 
Th I 2 emerges from th I I and grows obliquely over the sicula on the re­
verse s ide ,  thereby covering most of i t .  The thecae do not differ in type 
and general appearance from those of  closely related species. 

I 1 thecae in IO mm on either side. 
No septum can be traced either on the reverse or  the obverse s ide .  
On studying the inner wal ls of the thecae, i t  is  found that at the first 

3 o r  4 thecal pairs the walls begin n ear the middle I ine of  the rhabdosome 
and then run obliquely outwards-upwards to the aperture. The inner walls 
o f  the more distal thecae, on the other hand ,  run almost parallel with the 
outer margin of  the rhabdosome, the lowest part of  the inner walls , how­
ever ,  being sl ightly curved towards the middle I ine .  "''e know already 
that the first th ecae to grow forth erossed the m iddle Iine. The distal 
thecae, too,  may have grown in the same way, though the form of the 
inner wall of the thecae does not definitely favour th is  assumption . 

D i s c u s s i o n :  In spite of certain differences it seems to me that the 
specimens figured by DAVIEs and my own should be  comprised in  the 
same species .  DAVIES 's forms seem to be samewhat slenderer (0.9  mm ) and 
the thecae more widely spaced ( 5  th in  5 mm) , but  the actual shape of 
the rhabdosome and of the thecae does not appear to show any essential 
d ifferences. 

H o r i z o n and l o c a l i t i e s :  Lower part of  the zon e of Akzdograptus 
acuminatus at Kinnekulle ,  Sweden. The zone of Glyptograptus persculptus, 
Great Brita in .  

V .  Historical Review. 

The Dalmanitina beds at Kinnekul le ,  by older authors also called the 
Brachiopod Shale ,  were first described by LINNARSSON in I 869 . Subsequently, 
HOLM treated th ese beds in 1 90 1 ,  and TROEDSSON enumerates some fossils 
from them in I 92 1 .  The most recent account ,  principally taken from HOLM , is 
supplied by WEsTERGÅRD in the description of the geological map Lidköping 
( r 943 ) . The beds are sa id  to p ossess a thickness of 5 . 2  m and to be exposed 
in  several p laces in  the shape of a bank of calcareous sandston e and l imestone .  
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HoLM, who had th is bank levelied at two p laces SW and SE of the 
top , states ( I 90 I ,  pp .  67 , 68) that the Dalmanit ina beds dip 0 . 5 3  m per 
1 00 m towards ENE. According to a new level l ing at approximately the 
same places compared with the same leve! in the core I have found that 
the beds dip about 0 . 2 3  m per I OO m ,  this being the same dip as of  other 
beds levelied at Kinnekulle .  The upper boundary of the topmost red com­
plex of the strata i n  the Rastrites beds l ies E of the top at 2 5 4 .97 m above 
sea leve! ; in  the core the same boundary l ies at about 3 · 9 5  m (2 5 3 . I 7  m 
above sea leve!) . The d istance between these places being about 8oo m, the 
di p amounts to o .  2 2  5 m per 1 00 m .  

The following fossils have been quoted b y  LINNARSSON, HOLM, TROEDs­
SON and WESTERGÅRD : 

Dalmanitina mucronata BRONGN . 
D. pulcltella LINRS .  
Homalonotus platynotus DALM. 
Holometopus aciculatus ANG .  

» ornatus ANG. 
Ort/t is 
Stroplwmena 
Le ptaena 
Scltttclterte l la 
Meristella 
Atr;JjJa crassicostis DALM. 

» imbricata Sow. 
Discopora rltombifera ScHMIDT 
Crinoidea 

In the older l iterature, the  strata above the Dalman it ina beds are em­
braced under the name of the Upper Graptolite Shale .  Of those, only the 
Retiolites beds were originally known from Kinnekul le .  

In 1 869 LJNN ARSSON stated that the Dalmanit ina beds were overlain by 
black shale wi th  Diplograptus, but no further use was made of th is  statemen t .  

Thus it  was  HOLM ( 1 899) who  for the first t ime with certainty estab­
l ished the Rastrites beds at Kinnekulle .  He found in  a road cutting  0 . 7 m 
black shale with a rich graptolite fauna which he refers to the zones of 
Demirasfrites trimzgulatus, Petalolz'thus folium, and Ceplzalograptus come/a. 

Between the top of the Dalman itina beds and the black shale mentioned 
above appears a sequence of rocks attain ing a thickness of I 3 m which 
was not found accessible by ear! i er authors. HOLM estimates ( I 899, p .  307) 
the Rastrites beds to be at !east I 5 m thick, WEsTERGÅRD states ( 1 943 , 
p .  84) 20 m » or maybe somewhat more » . 

TöRNQlJIST , who ( 1 899) studied the road cutting mentioned above, found 
but the  two h igher  zones and assumed that the  species typical for the zone 
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of D. triangulatus, viz. Frist. gregarius and D. triangulatus cited by HOLM, 
belonged to a leve! of the profile not accessible to him. On  goi ng  through 
HOLM's  material in the Museum of  the Geol .  Survey I was , however, not 
able to find them and I am consequently of opinion that there is no  real 
evidence that the zone of D. triangulatus occurs at Kinnekulle .  TöRNQUIST 
also mentions shale with i.a . Monograptus (Streptograptus) runcinatus and 
M. discus lying h igher up in  the same road cutt ing .  Above this there follow 
several metres of red barren mudstone ,  whereupon the Retiol ites beds beg in .  
Thus both the m iddle and the h ighest zones in the Rastrites beds have 
been established at Kinnekulle . HOLM in 1 90 1  supplied a summary of 
TöRNQUIST 's  and his own investigations ,  and so d id WEsTERGÅRD i n  1 943 . 

Unl ike the Rastrites beds the Retiolites beds are exposed in  many places . 
The beds were reported by LINNARSSON ( r 869) as weil as by th e other 
authors mentioned above. The fauna is said to be  poor in  species and no 
further subdivisions of the beds were made.  The following graptolites were 
cited : Monodimacis crenulata, Monograptus priodon, M. cultellus, Spirograptus 
spirafis and Retiolites geinitzicmus ; furthermore Cfteirurus sp . ,  Bilobites sp .  
and Ortocerata were found .  No information regarding the thickness of the 
Retiol ites beds was given ; the total thickness of the Upper Graptolite 
Shales was estimated to 5 6 m .  

VI .  Stratigraphical Review. 

Dalmanitina Beds. 

Zone of Dalmanitin a m ucron ata and Hom alon otus platyn otus. 

Above the red Tretaspis Shale, definitely determined as Ordovician , 
follows a sandy mudstone probably belonging to the Ordovic ian .  Separated 
from it by a surface of discontinuity there appears in the profile at the 
leve !  3 5 .  r 5 a l imeston e belon ging to the zon e of Dalmanitina m uerona ta 
and Homalonotus plaf)motus i n  the Dalmanit ina beds. Upwards this limestone 
passes into a fine-grained calcareous sandstone .  

Apart from the tri lobites already quoted the fauna in the l imestone is 
pr inc ipal ly characterized by a number of brach iopods, which , however, 
cannot be  so closely determined as to be  of any use for stratigraph ical 
purposes. Consequently I must desist here from discussing the stratigraphi­
cal extension and situat ion of the beds with reference to their own fauna .  
l will ,  however, briefly elucidate the  modern interpretation of the  beds and 
especially their upper l imit .  

The Dalmanit ina beds comprise certain l imestones ,  mudstones,  and sand­
stones with shelly facies within the Lower Llandovery in  Sweden. The 
upper boundary of the beds has not been definitely fixed. Graptolite shale 
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belonging to v arious zones of the Rastrites beds usually form the upper 
boundary. The beds assigned i n  l iterature to the Dalmanit ina beds or  con­
s idered comparable to i t  seem but partly to be of the same age. The 
h iatus proved to exist at the base of the Si lurian seems to h ave had quite 
a d ifferen t extension in  d ifferent areas, and the date at which the facies ot 
the Dalmanitina beds was more or less abruptly replaced by graptol ite facies 
varies even with in  the same province .  The appearance of  the graptolite 
facies may be stated fairly exactly and thus,  apart from any gaps that 
may occur in  the sedimentation ,  i t  supplies a rel iable u pper l imit  for the 
Dalmanitina  beds in  var ious localit ies. In my opin ion , the Dalmanit ina 
beds may be considered an older Si lur ian shelly facies, probably partly 
contemporaneous with th e graptolite facies of the Rastrites beds. We find 
a s imilar s i tuat ion i n  the classification of the Swedish Ordovician , where 
the vari ous sections of  shelly and graptolite fac ies mostly but not always 
correspond ,  e.g. Didymograptus Shale-Orthoceras Limestone ,  Middle and 
Upper Dicellograptus Shale-Tretaspis Series, etc. 

The character of the Dalmanit ina beds as a transgression phase has 
been emphasized by several authors .  Besides ,  they also represent a more 
permanent phase of pure water with a bottom fauna ;  apart from sandstone 
and sandy mudstone ,  the beds also comprise l imestone and mar! of fairly 
considerable th ickness in  some places (Östergötland , Dalarna) . A comparison 
with districts with a more permanent S i lurian bottom fauna than South 
and Central Sweden , e.g. the East Baltic ,  Gotland ,  the Oslo region , and 
Great Britain ,  would better contribute to the establishment of the boundary 
of the Dalman itina beds and their importance as a stratigraph ical unit  than 
does a mere d iscussion about their transit ion in to the graptolite facies .  

The interpretation of  the Brachiopod Shale-Dalmanitina Shale-Dalmani ­
t ina beds h as been subj ected to some modifications i n  the course of  t ime ; 
thus ,  the Staurocephalus Shale has been ascribed to the Tretaspis Series 
in  the Ordovician while the Dalmanit ina beds s. s .  are now referred to 
the S i lurian .  

W h i le TROEDSSON i n  19 I 8 state d t hat the Brachiopod Shale in  Scania 
bordered upwards on  the zone of  Clim. scalaris var. normalis i n  the 
Rastrites beds, he ,  in  I 936 ,  made this zone the topmost one in  the Dalma­
n it ina beds. A fresh examination of the group of forms covered by the 
name of Climacograptus scalaris var. normalis might ,  i f  th e material is 
tolerably weil preserved , show with which graptolite zone in the Rastrites 
beds this one is contemporaneous. As to the so-called zone of »Acidaspis»  
centrina and C lim . scalaris w h ich TROEDSSON ( I  9 3 3 )  after LINNARSSON 
( I  869) establishes as an upper divis ion of the Dalmanit ina beds in  Vester­
götland,  I have shown, with regard to Kinnekulle ,  that i t  may easily be 
subdivided and incorporated into the classification of  the zones of the Ras­
trites beds. 
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Rastrites Beds. 

In an endeavour to decide when during the Si lurian period beds with 
graptolite facies reappear at Kinnekulle not only the constellatian of species 
but also the evolutional stage that th e species had reached is  of importance 
for the dating. In the same bed fossil species do not only show a number 
of variations more or l ess closely resembling an ayerage type ,  but upwards 
and downwards in th e sequence new variations or modifications appear and 
old ones disappear, so that the  average type may be completely changed. 
This is  a well -known fact , the difficulty being only to obtain a suffic iently 
r ich collection of tolerably weil preserved fossi ls to cover the amplitude 
of variations and to be able  to establish the levels of the occurrences 
correctly, so that the change of  type can be establ ished . 

DAVIES ( 1 929) studied this question when deal ing with graptolites from 
the oldest Silurian . By careful  studies of Glyptograptus persculplus (SALTER) 
h e  was able to prove that when sediments reappear after an i nterruption 
of the sedimentation in  the topmost Ordovician , this occurs at different 
t imes withi n  the zone of Glypt. persculplus at d ifferent places in  Great 
Britain .  The same author then shows how the development of d ifferent 
complexes of species may be  followed through several zones with in  the 
Lower Llandovery. He establishes, i.a . ,  a number of stages in  the develop­
ment Climacograptus scalaris miserabilis- Cl. scal. normalis- Cl. medius, 
which are of special interest for the study of the corresponding forms at 
Kinnekulle (vide pp .  449-45 7 ) .  

Zone of  Akidograptus acumin atus. 

Above the upper sandy part of  the Dalmanitina beds and above a 
surface of discont inuity there follows, as already mentioned, black grapto­
l i te-hearing mudstone ,  which h igher up passes into grey mudstone with 
a more mixed fauna comprising, i.a . , forms of Climacograptus scalaris v .  
normalis and Leonaspis centrina. Beds containing those fossils occurring in 
other places (Bill ingen , Norra Falbygden , Scania) have been designated 
as >> Acidasp is >> Shale and have been considered a topmost zon e of the 
Dalmanit ina beds (TROEDSSON 1 92 1 ,  1 936) .  Since th e graptol ite fauna, 
however, shows affinit ies with several zones in the Rastrites beds, I shall 
separate the Leonaspis ( = >> Acidaspi s >> ) Shale from the Dalmanitina Series 
and use the term Leonaspis Shale as a designation of facies only and not 
as a stratigraphical unit .  

At the base of the Rastrites beds appears Climacograptus scalaris v .  
nonnalis, which at that level  ( 3 2 . 70-3 2 . 50) i s  the most abundant form . 
Besides, and especially from 3 2 . 5  5 and upwards, there appear som e closely 
related forms , viz. , Cl. indivisus (DAVIES) and Cl. premedius n. sp . , and 
a couple of l ikewise undescribed forms of Cl. scalaris v .  transgrediens 
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n. var . ,  which seem to constitute a transition to Cl. medius. Cl. medius first 
appears at 30 .60 ,  and then lives on for a Iong time. C l. scalaris v. normalis 
has then already disappeared , and most of  the oth er forms, with the excep­
t ion of Cl. rectangularis, also disappear rapidly. Of other graptoli tes there 
occurs on ly a Glyptograptus s p. though not G. persculptus, and at 26 . 5 0  
Akz"dograptus acuminatus. 

vV ith the support of the in termediate forms mention ed above as weil 
as of  the other forms, i.a .  Cl. indivisus, which earresponds to DAVIES 's  
mut .  indivisus, the boundary between the zone of Glyptograptus persculplus 
and the zon e of Aktdograptus acumhwtus can be located at 3 2 .  50 ,  in accord­
ance with DAVIES 's  establ ishment of  that boundary Iine in Great Britai n .  
On account of  its fauna being poor i n  species i t  is d ifficult to fix  the  upper 
boundary. I put i t  at  26 .0 m ,  not far above the occurrence of Akidograp­
tus acuminatus. Though mainly confined to the zone of the same name, 
this species occurs also in  the next h igher zone in Great Britain . 

Zone of Dim orphograptus exten uatus. 

This zone ,  ran ging between 26 .0 and 2 3 .0 m, contains but a poor 
graptolite fauna consisting of the following species : Climacograptus medius, 
Dimorphograptus extenuatus, and Ort/tograptus sp. Here I adopt TROEDS­
SON ' s  ( I 93 3 )  denomination of the zone ; i t  earresponds to the British zone 
of Ort/tograptus vesiculosus. I n  Great Britain D. extmuatus has not been 
met with outside that zone.  From other animal groups LeOltaspis centrina 
and Primitia sp .  may be quoted. 

Zone of Pern erograptus revolutus. 

The zone extends from 2 3 .0 m to I 9 . 8 I m. Apart from the longl iv ing 
species Cl. meditts also Cl. hughesi, Dimorphograptus physoplto1'a (2 1 . 7 ) , and 
il1onograptus incommodus have been found there .  

The zone of  Demirastrites triangulatus has not been establ ished i n  the 
core. Between I 9 .8 I and I 8 . 80 the rock mainly consists of  l imestone.  
N either i n  this nor m the accompanying mudstone have fossi ls been 
encountered .  

Zone o f  Petalolith us folium. 

This zon e is  s ituated at I 8 . 80- 1 8 -40 and has a thickness of a bo ut 
0-4 m. Petalolitlttts folium and Monograptus clingani are some of the fossils 
typical for th is zone .  

Zone of  Cephalograptus cometa. 

The zon e lies at I 8 -40- I 8. r o  and is a bo ut  0 . 3  m thick. C. cometa as 
weil as C. tubulariformis ( I 8 . 3 9) i s  typical for this zon e .  The latter species 
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is  an intermediate form between Petalolz"thus folium and Cephalograptus 
cometa and is confined to the lower part of the zone both here and in 
other places . The zones of  P. folium and Ceplt .  come/a form tagether a 
black shale, 0. 7  m thick and r ich in graptolites, which has been described 
by HOLl\I ( 1 899) and TöRNQUIST ( 1 899) . 

This black shale, laminated , dark, rich in  fossils, exclusively graptolite­
bearing ,  and containing pyrite, represents a typical so-called graptolite shale .  
Only near the upper and lower boundaries do some few brach iopods occur .  
The boundaries towards the over- and underlying mud- and l imestone beds 
are sharp as regards th e facies ; however, the conditions of the boundaries 
do not ind icate whether the deposition of this black graptolite shale was 
preeecled or  followed by an interruption of the sedimentation of any length . 
Notbing else can be said than that the preceding graptolite zone (the 
Dem. triangulatus zone) could not be  found in  the core and that the fol lowing 
zone (the M. sedgwicki zone) must be considered but poorly and incom· 
pletely developed . 

Zone of Mon ograptus sedgwicki. 

It has not been possible to establish the presence of this zone at 
Kinnekulle with the support of graptolites ; instead , this has been done by 
correlating bentonite layers in this boring and in a boring in Östergötland .  
This latter boring was executed in  1 94 5  a t  Smedsbygård, 4 km N of 
Motala, by the Geol .  Surv .  of  Sweden, and I shall on some future occasion 
publish a more complete account of my studies of the Rastrites beds of 
this core. Here I shall only mention that a number of bentonite beds have 
been found in  the richly fossil-hearing M. sedgwicl.:i, S. turriculatus and 
M. disetts zones .  As at Kinnekulle the thickest bed l ies  in the S. turricu­
latus zone .  In the Östergötland core , the bentonite beds lying immediately 
below belong to the M. sedgwicki zone, and in my opinion this is also 
the case at Kinnekulle . In such a case the zon e of M. sedgwicki at Kinne­
kulle attains a th ickness of max . 2 '/2 m .  

Zone o f Spirograptus turriculatus. 

Spirograptus tuniculatus and Monograptus (Streptograptus) rzmcinatus may 
be quoted as representative of this zone .  The sequence characterized by 
these two species is 2 .  I m thick.  In addition ,  some higher graptolite-hearing 
strata up to r 2 .  5 5  with a closely related fauna ma y advantageously be 
included in this zone ,  the th ickness of which may thus be estimated to at least 
3 . 1  m. In earlier Swedish l i terature the zone of S. turriculatus has been 
treated somewhat differently both with regard to its extension and deno­
mination. My denomination as used here comprises graptolite-hearing beds 
with, i.a . , Rastrdes linnaei, S. turriculatus, and M. (Str. ) rzmcinatus. Below 
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this zone l ies the zone of M. sedgwitki. I cannot as yet advance any 
opin ion as to the exact boundary between these zones.  The upper boundary 
of the zone is characterized parti y by the extinct ion of the species mentioned,  
possibly with the exception of  M. (Str. ) rzmdnatus, partly by the appearance 
of  M. distus, the guide fossi l of the next h igher zone .  I am quite aware 
that a richer fossi l-hear ing profile than the one here described may warrant 
the subdiv is ion of the zone into several new ones, as has been done durin g 
the last decades i n  Bohemia (PRIBVL and BoucEK) and i n  Great Britain . 

Zone of Monograptus discus. 

Mo1zograptus distus is an especially good guide fossi l for th is  zone .  Of  
other typical species Pristiograptus pergratus, Dem. pragensis var. , and  
M. trispus may be ment ioned.  I locate the  lower boundary of the  zone to  
the  first appearance of M. disats and  the  upper boundary to  a leve! below 
the appearance of S. spiralis. Neither here nor elsewhere have I ever come 
across JVI. distus and S. spirafis together. The zone attains a thi ckness of 
9 m .  In earl ier Swedish l i terature i t  was sometimes united w ith the zone 
lying next below, designated as the zone of M. (Str. ) rundnatus, sometimes 
i t  was treated as an independent zone with M. distus, S. protetts or M. 
trispus quoted as i ndex fossils . In the British table this zone earresponds 
to the zone of M. trispus and , i n  all probabil ity, also to the zone of 
Monodimatis griestoniensis. 

Retiolites Beds. 

Zones of Spirograptus spiralis and Cyrtograptus lapworthi. 

At Kinnekul le the series atta ins a thickness of 26 m, the lowest 3 . 36 m 
of wh ich have been p ierced by this boring .  Monod. wntinms is represen­
tative of  the lowest part of the zone. This i s  also true of M. tultellus, 
which has been encountered at the Kullatorp spring I m beneath the top 
leve! of the boring.  Higher up no guide species have been met with before 
2 76 .6 m above sea leve! , where the  fauna appears to resemble that of  the 
zone of C. lapwort!ti. 

VII .  Concluding Remarks on Stratigraphy and Paleogeography. 

Accord ing to LINNARSSON I 869, TROEDSSON I 92 I ,  and the descriptions 
of the geological maps, ett. , the Dalmani t ina beds show a h ighly varying 
development in Vestergötland .  Generally they consist to a much h igher 
degree of sandstone and mudstone in  the other mountains of V estergötland 
than at Kinnekulle ,  and their thickness i s  greater at most of the other 
localit ies than i t  is at Kinnekulle .  However, mention must be made that 
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the s .  c .  zone of » A cidasp is >> centrina and Climacograptus scala ris v .  nor­

malis forms a great part of them. If we should include the Leooaspis­
hearing strata at K innekul le in the Dalmanit i n a  beds they would,  being 
I 5 m thick,  exceed the Dalmanit ina beds at all th e other mountains ranging 
from 4· 5 m at Å l leberg to ro  m at Skövde, Bi l l ingen . As l tried to show 
before ,  th is  zone has developed a more graptol i te-hearing fac ies at Kinne­
kul le and l h ave ,  therefore , separated it from th e Dalman i t ina  beds and 
un i ted it w ith the Rastrites beds. A future invest igat ion of  my graptolite 
material  from the » Acidasp i s , -zone of the other mountains of  V estergöt land 
wil l  probably yield a s im i l ar result ,  i. e .  that this zone may be i n corporated 
i n to the Rastrites beds and subdi vided i nto several graptol i te zones .  

Both at Kinnekul le  and at the other mounta ins of Vestergötland ,  Dal­

manitina eucmtra ANG. (OLIN) , typ i cal for the o ldest  Dalman i t i n a  beds o f  
Scan ia ,  i s  miss ing .  Thus the deposit ion of the Dalmanit i na  beds seems to 
have begun samewhat later  in  Vestergöt land than in Scan i a .  

THORSLUND ( 1 93 5 )  distingu ishes t w o  d i  v is ions in  t h e  Dalman i t i na  beds 
of  Dalarn a ;  a lower one, not v ery thick, conta in ing the » k l ingkalk » and cal led 

the zone of  >> Meristella " crassa (Sow. ) and Pt);clzop lty!lum craigEnse M ' Cov ; 
and an upper one ,  con siderably th icker ,  mar! - ahd l imeston e-heari n g  bu t  
poor in  fossi ls ,  w i thout a name .  The lower d iv i s ion  i s  j ux taposed t o  
TROEDSSON ' s  ( 1 9 2 1 )  zone  of  1-lomalonotus p latJmotus and  » J11eristella >> crassa 

i n  Vestergötland ,  the upper  one to the  zone of » A cidaspis >> (Clltrina and 
Climacograp tus scalaris \· ar .  11ormalis. Since th i s  upper d i v i s ion i s  overl a i n  
by  the  zone  of  Prz�1·tiograptus gugarius of  Middle Llandovery age, i t  seems 
to belong to the midd le  and upper  Lower Llandovery .  1 t  is ,  h owever ,  
sotnewhat doubtfu l  whether i t  i s  reasonable to d es ign ate such re lat ive ly 
young  deposits as members of  the Dalman i t i n a  beds.  In  th e oth er areas 
the Dalman i t i na  beds comprise on ly the lowest Lower L landovery .  

In J emtland ,  t he  s .  c .  Brach iopod Shale with , i. a . ,  Tretaspir lati/imhus 

(LINRS . )  and JJal111aniti11a mucronata be longs to the  Tretasp i s  Ser ies  (TI-IORS ­
LUND 1 943 ) .  But a t  !east the lower par ts  of  the  Kyrkås quartz i te  and  t h e  
Phacops q uartz ite earrespond t o  t h e  D a l man i t i na  beds. 

ln the other mounta i ns  of Vestergöt land,  Lower Llandovery in grapto l i te  
fac i es has been reported from Bestorp on Mösseberg and Ål l ebergsände 
i n  Fal bygden . From t hese p laces T ö R :\ C.J U IST ( 1 8 8 4 ,  1 899) and T IWEI JSSOI\ 
( 1 92 1 )  mention the zon e of Perncrograptus rel!{;lutus . The oldest se q u ence 
i s ,  however ,  e i ther not ent i rely exposed or no  fossi l s  of strat igraph i cal 
i m portance h ave been found  th ere, or .  as ment ioned before ,  it i s  deve loped 
as Leonaspis Shale .  

In Sweden i t  i s  only i n  Scan i a ,  apart from Kin neku l l e ,  that  the  oldest 
grapto l i te zones i n  Llandovery have been establ i shed . 

From Bornho lm POULSEN ( 1 92 2 )  reports a zone of  JV!onograp tus aci11accs 

T<JT,  which may correspon d to one o r  both of the  Br i t i sh  O. Nsimlosus 
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Table Vill. Table of 

Explanations and nates : _ _ ___ = Zonal boundary I ines approximately syn eranous or definitely 

W here the local duration of a zone is too 

G reat Britain Sean i a 1 ----
1 T Ö R N QU!ST  TR OEDSSON Eu.Es & Woon 1 9 1 8 , Jo x Es 1 93 5  

1 9 1 3 1 93 6  
� --------------------�------------------------�----------------�--------

1 
W en lock 

lJpper 

Llandovery 

Middle 

Llandovery 

26 Cyrtogr,?ptus murcliisoni 

, 25 JJ1onograptus eramiatus 

' --------�- ----- ---1 .  -�4 Jl.f. gr�estomen_sz_�_ 

� -�f. _
crispu�-

- -- -1 2 2  llf. turricu!atus 
l\)astrites 1/laxi'llltts 

� 2 l /Y/. !10/li 

__ ----1 -- __ M. �!__�t;_�cl<__� ______ _ ' 
Cephalograptus comtta 

20 ---�---
Jl.f. co11/Jo!utus 

111. leptot!teca 

1 9  Jlftsograptus 1II0/{1111S 
JJ.f. trian;rulatus 

1 8  /If. cyp!ms 

M. acittaces 

1 --

i --- -
l 

- l -

Cyrt. murdtisoui 

Cyrt. !apwortlii 
/Y[ . . rpira!is 

1lf. txiguus 

iJ1. turricu/atus 

;)f_ stdgi(Jicki 

Cep!t.  come/a 

l'etal"graptus _folium 

/11. tri(l11,R'Uiatu.r 

.H. rtl!o!utus 

--- ; 

Lo w er 1 7 M. atmms Dimotp!to;rraptus extomatus 

Llandovery 

O r d a v i e i a n  

!!.fes. modtstus 

Cephalograptus acu1ninatus 
1 6  

(7/yptograptus persculplus 

Hiatus 

1 5  Dicellograptm anaps 

---�-__1 __ _  _ 

- ! - - -.- - - Ctp!w!o;rmptus a cumiuatus 

E � Clilltacograptus scalaris 1 -;; d) 0 � 3 zones  

H i a tus 

Stauroceph a l u s  l i mesto n e •  

' In an earlier work ( 1 92 1 )  TROEDSSON n a m e d  t h e  z o n e  after C/. scalan·s v a r .  normalis. 

He has gi ven no explanation for t h e  al teration . Cl scalaris var.  normalis is s t i l l  a val id  form 

and C/. scalaris is a species of M i d d l e  Llan d overian age (cf p. 449 n .  1 ) . 

lowest and Frist. qp/ms zones. The 
accessible .  From the Bergen district in 

(= zone of Orthograptus vesicufosus 
ELLES & Woon 1 9 1  8) .  

Rastrites beds, however ,  are not 
Norway, KlfER cites ( 1 930) the  zone 

r 7 m Great Britain according to 
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Stratigraphical Correlat ions .  

stated .  = Probable location of the  boundary between shelly facies and  graptolite facies.  
uncertain ,  no  boundary Iine has been drawn . 

V estergötland ·- ---
Kinnekulle  

1 Falbygden 
TQT 1 8 9 9  TROEDSSON 1 93 6  

Diabase 

Dalarna l 
1:l lORSLUND  1 9 3 6

- 1 
D iabase [ M. spira/is 

: 
Cyrt. lapwort!ti l !>j>irograptus spira/is 

�------- - -
----i iW. disc�� 

l 

ilf. proteus 

Spir. turricu!atus l Il/. turriculatus l il1. turricu/atus 

l - M. sedgw
-� --- 1 M d -�� ' M. stdgwicki 

� 
C ep h .  come ta l --

l Peta/olithus folium 

l l ) l i 
! ' ' ' j Penzerograptus revolttitts ! 
o l �--------------- 1 ; ' 1 Di1n . txtenuatus 

Akidograptus acuminatus 

Dalman i t i n a  Beds 

Hiatus 

Tretaspis  s h  & s s  

(Kungslena) [_"_·�e :gwzc ·� 
__ _____ _ 

Ceph.  cometa 
(Kungslen a) 

Cep!t . cometa 

---------- ----- ---�-
Petalog-raptus folium 

1)1. nvo!utus 
(Ålleberg, Bestorp) 

-i9 Acidaspis cmtrina 
" 

a n d  00 
.� c C!imacograptus scalaris ' 
"' s 8 JJ1eristina crassa 

Hiatus 

Stauro cephalus 
l i meston e •  

!J1. leptot!uca 

JJ1. g'-eirariu.•· 

� -�-

al tnamte

_

s _ _  -

Series  

H i a tus 

Staurocephalus shale 

- - - -------- '--------

l 
· l l 

Retiol i tes  Beds 

Dalman i t i n a  
Beds 

• TROIWSSON 's  designation ( 1 936 ,  p .  496) is  probably an error. In his earlier works he 
only speaks of Staurocephalus shale when treating these d istricts, and so  do al l  other authors 

l have studied. 

The zone of Demirasfrites triangulatus has not been encountered i n  
V estergötland bu t  both in  Scan ia  and  Dalarna .  The  two next h igher zones ,  
the  P. folzitm zone and the C. cometa zone,  show several features common 
to the Middle Llandovery of Fennoscandia .  Black, richly graptolite-hearing 
3 2 *  - 46595 
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Table IX. 
Distribution of the S i lurian graptolites of the Kullatorp core and of the 

Silurian beds above the core. 

l 

Rastri tes Beds 

L o w e r  M i d d l e  J 
L l a n d o v e r y  -- -� - -l '"> l ..:: � � <l '"> <";:;' ;:: � .g " " -i! � � - � � b:.: "' ;:: � ;il " ::. -�  " � � '"> � � "' 

..:: � " 

i l 
" '"> '"> � -i'l '"> � -i'l '"> -� � � � '"> � � � ;:: � " ""' ""' %< � t- !'! � � ... -� � --.. 

� "' " "' ;:: .§ l! " � ""' 

� .... ... " � "<: () � s � (...) 

� -.':1 
.§ t -i'l 

'"> � 
%< - �  
� 

------- --- - -- · · -- ------ -·--- - · - - - --- - - -· -·-- -

l l 2 3 4 s 6 7 8 9 

A kidog-raptus acuminatus ( N I C H .) + l l CejJhalog-rajJtus co11teta (GEIN .) + 
" tubulanform is ( N ICH . )  + 

Cp-tog-raptus aff. lapwortlzi TULLB . l " s p .  
C limaco g-raptus /mg-hes i N I C H .  + + + 

" im!ivisus (DAVIES) + 
" medius TQT + + + 
" jJremedius n .  s p . + 
" re c tan.r:·ularis M ' Cov + 
" scalaris H IS.  + + 
)) >> v.  miserabilis E. & W.  + 
" " V. normalis LAPW. + 
" " v. transg-rediens n .  v .  + l 

Demirasfrites convolutus (TQT) + 
" decijJiens (TQT) + + 
" prag-ens is PRIBYL var. 

DimorjJiw.t:rajJtus extemtalus E.  & W. + 
" p Itysophora LAPW. + 

Diversog-rajJtus sartoritts (TQT) 
" s p . 

GlyjJtog-rajJtus tamarisczts (N ICH . )  + + + 
" s p . + + 

.M esog-rajJtus modestus (LAPW.) + 
;11 onoc timads conlinens (TQT) 

" crenulata (TQT) 
" cf. g-riestoniensis (NICHOL) . l >> a ff. " 

" linnarssoni (TULLB .) 
- l 

Retio­
l i te s  
Beds 

U p p e r  

---- - ---

" N  
� '"' � "' ;: " ;il " 

� - ::: � i} --.. '"> '"> '"> -i'l -i'l ..:: -<:._ 
" � � 
� ... ... 

� bo ·  "' ;:: . :; .,.. 
� 8 � � -· - --

1 0  I l  1 2  

l 
l 

l + + l l l 

l 
-l-

+ + + l 

+ l + + + 
+ l + 
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I l 2 l 3 i 4 l 5 l 6 l 7 l 8 l 9 l 1 0 1 I I l I 2  

}.fonodimacis sublinnarssoni (PRIBYLj + 
Monografitus clingani CARR.  + 

" crisjJus LAPW. + 
, , var. + 
» discus TQT .  + 
» gemmatzts B A R R .  + 
' incommodus TQT + 

, intermedius LAPW. + 
, lobiferus M'Cov + + 
" marri PERNER + + 
" pandus LAPW . + + 
» p riodon B RONN + + + 
, (Streptograptus) becki BARR.  + 
, ( , l-) dextrorsus TULL B.  + + 
, ( , ) exiguus N ICH .  + + 
, ( " ) nodifer TQT + 
)) ( » ) runcinatus LAPW . + 

Ort/tograptus belZulus (TQT) + + 
. s p . + 

Pernerograptus limatulus (TQT) + + 
Petalolithus folium (His .) . + 

)) cf. ovato-elongatus (KURCK) + 
" palmeus (BARR . )  + + + 
» tenztis (BARR.)  + + 

Flegmatograptus obesus (LAPW.) + + 
Pristiograptus leptotlzeca (LAPW.) + + 

" nudus (LAPW.) + + 
" pergratus PRIBYL + 
, re gularis (TQT) + + 

Rastrites approximatus f. approximatus 

PERNER + 
Rastnies peregrinus BAR R .  

! + 
» s p .  + 

R etiolites geinitzianus BARR.  + + 
S pirograptus elongatus (TQT) + 

" .flagellaris (TQT) . + 
" planus (BAR R .) + + 
" proteus (BARR. )  + + 
, spirafis (GEIN . )  + + 
» tortilis (PERNER) + 
, turriculatus (BARR.) + 
, s p .  + 

sh ales are preponderan t. The Petalolitltus folium zon e is known from Scan ia ,  
Vestergötland ,  Dalarna and Vesterbotten (KULLING 1 92 5 ,  p .  3 7 1 ) , wh i l e  the  
Cephalograptus cometa zone  shows the widest extension of  graptolite shale­
facies in the Si lurian of Fennoscandia. Besides in  Bornholm and South and 



4 7 0 BERT I L  WJERN 

Central Sweden the zone has been establ ished below Gotland (THORSLUND 
and WEsTERGÅRD 1 93 8 ,  p .  32 ,  39 ) ,  Vesterbotten (KULLING 1 92 5 ,  p .  3 7 1 )  and 
i n  the Bergen area i n  Norway (KOl.DERUP 1 934 ,  p .  3 7 5 ) .  

I n  Seandinav ia  the base of the Upper Llandovery (M. sedgwicki zone) 
has a graptolite facies in  some p laces only. It has been found i n  Scan ia ,  
but  whether i t  is  developed i n  Bornholm, wh ich  otherwise greatly resembles 
Sean i a ,  i s  not quite sure (POULSEN 1 92 2 ,  p. I 3 ) .  From V estergötlan d, TöRJ\"­
QUIST ( r 8 84) reports the Monograptus sedgzuicki zone at Kungslena-Stommen 
on Varvsberget. There i t  i n troduces the series of grey mudstones which in 
the mountains of Vestergötland follows above the black shale in  the C. 
cometa zone ,  where the sequence is preserved so h igh up  and before it i s  
cut off by the diabase. As wi l l  appear from th i s  investigat ion ,  i t  h as been 
possible to demonstrate this zone at Kinnekulle by earrelat ion with bentonite 
beds i n  Östergötland but no graptol ites h ave been found there. In Dalarna ,  
I have found the zone to be samewhat better developed.  

The two h ighest zones of  the Rastrites beds ,  the zones of Spirograptus 
turricu!atus and Monograptus discus, are, on the other hand ,  known from 
many places : Bornholm, Scan ia ,  Vestergötland ,  Östergötland ,  Dalarna,  Jemt­
land and the Mjösen area in  the Oslo region . As at Kinnekul le ,  they attain 
a fairly great thickness i n  some places ,  even up to some tens of metres 
They are usually developed as fairly l ight grey mudston es wi th scattered 
great l imestone !enses. However, laminated b lack shales are also presen t ,  
e.g. i n  Scania and Jemtland .  

Also the  lower part of  the Retiol ites beds, wh ich  belongs to the Llan­
dovery, has a fai rly wide-spread extens ion i n  Sweden .  Besides at Kinnekulle, 
where both the zone of Spirograptus spira/is and the zone of Cyrtograptus 
!apwort/zi have been found ,  the base of the S. spira/is zone has been detected 
immediately below the diabase at Taran , on the north -western side of Bi l l ingen . 
In Scania and on Bornholm the graptolite facies persists up  into Wenlock 
and Ludlow .  In Östergötland the S. spira/is zone is known from loose 
boulders. On Gotland ,  where the shelly facies predominates, a find of S. 
spira/is (HEDSTR(iM 1 92 3 ) ,  i nd icates that the u pper Visby mar! and the S. 
spira/is zone are contemporary . Th e Retiol ites beds of Dalarna show a richer 
graptolite fauna  than at Kinnekul le and, moreover ,  with stronger features 
of brach iapad facies in their upper calcareous parts . They show great af­
fin i ties to th e development of the Mj ösen area .  In Jemtland,  the lowest part 
of the Retiol ites Beds have recently been proved by TI-IORSLUND ( 1 948) .  

From the above a certa i n  periodicity in  the extension of graptolite shale­
facies and graptolite -hearing  beds can be observed. At the beginn ing of  the 
greater divisions the sequence is i ncomplete ; the facies i s  in most p laces 
nongraptolite-beari ng ,  or  on! y sparsel y graptol i te-heari ng : i n  Lower Lian­
dovery we find the nongraptol ite-hear ing Dalmanit ina beds and the but in 
few places graptolite-hearing  A. acuminatus zone, i n  Middle Llandovery th e 
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Frist. gregarius zone is  mostly feebly developed,  and in Upper Llandovery 
the ll:f. sedgwicki zone is  no t  everywhere to be seen with certainty. Between 
these strata, uncomplete or but sparsely graptolite-bearing,  one can observe 
strata with more or less pronounced graptoli te facies : in Lower Lianciavery 
it can be seen more d iffusely in  several of the high er zones, i n  Middle 
Llandovery there i s  a strong advance of graptolite facies which culminates 
in the C. cometa zone,  in  Upper Llandovery a persistent graptolite facies i n  
the  S.  turriculatus-M. discus zones slowly fades away i n  the S.  spirafis zone. 
This is  a rough outli ne of the development. The diverse areas vary strongly 
in their  detai ls ,  and the alternation between the d ifferent types of facies is 
contemporaneous in the various areas within rather wide l imits only .  

The search for the various bentonite beds in  the various Cambro-S i lurian 
areas of Sweden and their stratigraphical establ ishment is an important task. 
This cancerns not only the creation of guide-levels for the areas but a lso 
the establishment of the age and frequency of the volcanism, probably in  
\Vestern Norway, which eaused those rains of ash . 

The graptolite fauna of Vestergötland has much in  common w ith that 
of Great Brita in .  As regards the thorough earrelation of the lowest Lian­
dovery i n  these two areas vide pp .  46 1 ,  462 . 

In Great Brita in  a boundary of great importance both with regard to 
the fauna and the fac ies has been drawn between Middle and Upper Llan­
dovery. Below the boundary the graptolite-hearing  sequence h as a relatively 
inconsiderable thickness with a persistent quant ity of Climacograptides and 
Dip lograptides. Above the boundary, also graptol ite-heari ng  beds attain a 
cons iderable th ickness and Monograptides soon prevai l  over the weakened 
Diplograptide fauna .  A similar development, not only faun istically but also 
regarding the facies ,  characterizes Kinnekul le  and the other mountains of 
Vestergötland and, as far as I have seen ,  Dalarna as wei l .  

Many common features closely connect  the Si lurian graptol ite faunas of  
Sweden and Bohemia.  Several of the  new species erected in  the las t  years 
by PRIBYL and BOUCEK certainly also occur in  Sweden ; so for in  stan!:·- Pris­
tiograptus pergratus PRIEYL ,  an early species of the Prist. dubius group ,  and 
also Demirasfrites pragensi.s PRIBYL var . , a late relative of D.  denticulatus 
TQT, have been found i.a .  at Kinn ekul le .  

The elaborate stratigraphical zona l  subdivis ion in  Bohemia  shows inter­
esting  parallels with Sweden , even if it seems to be too locally accentuated 
for a more detai led comparison between these two quite different areas. 

X .  Summary. 

The author describes the S i lurian part of a boring at Kullatorp at Kinne­
kulle ,  V estergötland in  Sweden . A plane of discontinu i ty separates the se­
quence from the Ordovician . 
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The sequence begins with l imestone and sandstone  with Dalmanit ina 
mucronata etc. : The D a l m a n i t i n a  b e d s . 

The upper and greatest part of the sequence, the R a s t r i t e s and R e­
t i o l i t e s b e d s, consists of grey, red , and dark mudstones and sh ales with 
graptol ites . 

With the exception of the zone of Pristiograptus gregarius, which could 
not be proved , the graptolite zones fro m  the zone of Akzdograptus acuminatus 
to the zone of Spirograptus spirafis have been encountered. Above the highest 
part of the boring ,  close below the d iabase cap, the zone of Cyrtograptus 
!apwortlti ( topmost Llandovery) has been found.  In the zones of M. sedgwickt� 
Spir. turricu!atus and M. discus, beds of volcan ic  ash i n  the form of bentonite 
have been observed . In a special chapter several species of graptol i tes closely 
related to C!imacograptus scalaris v .  normalis are discussed , 2 new species 
and I new variety are described. 
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Explanation of Plate XXVI. 

All specimens are from tl1 e zone of Akidograptus acuminatus i n  t h e  Kullatorp care,  

Vestergötland .  M agnified 10 X .  T h e  drawings are prepared by E. STAHL from camera 

lucida drawings by t h e  author.  

Fig. 1 .  Climacograptus scalaris H i s .  v .  normalis LAPW. Mould of specimen i n  rock.  

Reverse v iew.  gr. 1 264 b ,  level  3 2 . 5 2 .  

Fig.  2 .  Climacograptus scalaris H i s .  v .  transgrediens n .  var. forma � - H olotype.  Re­

verse vie  w .  gr. 1 2 2 3  b ,  leve] 3 2 - 4 3 . 

Fig.  3 ·  Climacograptus scalaris H I S .  v. trans_g-rediens n .  var. f. o. Reverse view.  gr. 

1 0 1 2 ,  level  2 6 . 5 2 .  

Fig .  4 .  Climacograptus meditts TÖRNQUIST.  Reverse view. gr.  I 203 , leve] 30.6.  

Fig. 5 ·  Climacograptus premeditts n. s p .  H olotype.  Reverse view.  gr. 1 2 30,  leve] 

3 2 .63 .  

Fig.  6 .  Climacograptus indivisus (D.·\ vms) e m e n cl .  Obverse view.  gr. 1 2 2 3  a ,  leve]  

3 2 - 48 .  

Fig.  7 - Climacograptus indivisus (DAV IES) emend.  Mould o f  specimen i n  rock. Ob­

verse view . gr.  1 264,  leve] 3 2 . 5 2 .  

Fig.  8 .  Climacograptus redang·u!aris M' Cov. Young speci m e n .  Reverse v iew.  gr. 
1 1 86, level 2 6 . 3 5 .  
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