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PREFACE.

In translating this work into English and in printing it so
many clerical and typographical errors crept in that the cor-
rections of them required more time than had been anticipated.
The work, principally intended to assist the participators in
the Silurian excursions that had been arranged after the
Geological Congress in Stockholm, could, of course, only be
distributed to the members of the Congress in the form of
proof-sheets — and bad ones at that. Subsequently I had
the advantage of Professor TorxquisT looking over the proof-
sheets, for which service 1 am greatly indebted to him, so
much the more so as he allowed me to inserl a couple of
bits of information of his own, previously unpublished. 1
have now also added an Index.

For the sake of brevity, the place of publication of the
various works mentioned in the several bibliographical lists is
often omitted, especially in such cases where the works are
printed in the Transactions of the Geological Society in Stock-
holm (Geol. For. Forh.) or among the publications of the
Geological Survey of Sweden (Sver. Geol. Unders.).

It should also be remembered that the annexed map
showing the distribution of the Silurian through the several
provinces of Sweden is only a sketch-map, which, especially
as regards the northern parts of the country, is very imperfect






CHAPTER 1.

Introduction.

By the name »Silurian» is here understood all our de-
posits characterized by trilobites or graptolites, as well as
some others in which certainly the said groups of animals are
not represented, or in which fossils on the whole have not
been met with, but which yet are in such close relation to
the first mentioned that they must distinctly be brought
together with them. The Silurian, in older times here com-
monly called the Transition formation, occupies amongst our
sedimentary deposits, apart from the Quaternary, of course,
indisputably the first place. Distributed over a great many
areas, of which several are of very large extent, the deposits
belonging to this system are namely found scattered all over
the country, even in its most widely separated parts.

If we combine all zones of Silurian proved to exist in
Sweden, we can obtain a continuous series of the strata thereof,
beginning with the oldest bed of the system and extending
right up to, and including, its youngest. As it also happens
here that one and the same zone, or contemporaneously formed
deposits, in different parts of the country may not only
quantitatively be more or less developed, but also pretty
frequently show very dissimilar, not seldom peculiar, develop-
ment for the separate localities or areas, such a grouping
together also gives a complete picture of the system in all its
varying multiplicity.

At many places only single zones, or a few such, are
met with, whilst at other places a more considerable part of
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the series of strata is represented. Amongst the provinces
or parts of the country where the Silurian is distributed
over fairly large areas we have first of all to mention Skine
(Scania), Vistergotland, Dalarne (Dalecarlia), Jimtland, Oster-
gotland and Niirke, as well as Oland and Gotland, the two
large islands exclusively built up of Silurian. Skine and Vi-
sterg('jtla.nd, as well as Dalarne and Jimtland, distinguish them-
selves especially by the multiplicity of zones developed there,
but only in the two first mentioned provinces may the se-
quence of strata be said to be completely represented. If we
look at the coast of Smaland, Oland and Gotland regarded
as a particular Silurian field, although disjointed by the sea,
even this latter may, especially when we include the shore
shingels which represent strata concealed by the Baltic, be
said to show a complete series.

Our Silurian strata have, as a rule, even if they have not
entirely escaped tectonic disturbances, rarely been more strongly
folded or compressed to such an extent as to destroy fossils
embedded therein, or to affect them to any considerable degree.
This condition is particularly conspicuous in Véistergétland,
where the almost horizontal Silurian strata, in a more or
less complete sequence, are accessible everywhere in the
many table-mountains, that have been cut out by circumdenu-
dation. The Silurian is certainly richer and perhaps even
more completely representative in Skdne, but the investigation
1s made difficult there, not only by the dislocations occurring
everywhere, but also by the facial differences which exist
in different parts of the province. It is therefore no mere
accident that Vistergotland's Silurian, which already for the
budding research offered the most favourable starting point
one can well wish for, later on formed the solid framework
round which the science of modern Swedish Silurian Geology
has been built. Viistergotland may also with every reason
be called the classical ground of Swedish Silurian Geologv.
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The -fossils embedded in the Silurian strata were at a
very early date paid attention to by Swedish investigators.
Already in the year 1715 L. Rosere, Professor at the Uni-
versity of Uppsala, reproduced in a »Dissertatio academica de
fluviatili astaco ejusque usu medico» Trilobites in boulders
from Viaddo, in the archipelago of Uppland, and he spoke of
them in such a manner, that it is quite obvious that he
looked upon them as crustaceans. In 1727 BromeLL' describes
and reproduces Silurian fossils from different parts of the
country (Gotland, Vistergotland and Skane), and in LinNg's®
writings such are mentioned in several passages. Our first real
palaeontologist was very likely, however, GyLLeNHAHL,” who,
in 1772; in an excellent manner described and reproduced a
couple of cystideans. By stating that the animals must have
lived and died where we now find their remains, he also indicates
the position of the animals in the zoological system, as well as
the geological horizon of the fossils. Amongst our older Silurian
palaeontologists we must further mention WanLENBERG* and DaL-
maN,” Hisinger,® who was, however, more of a stratigrapher

! BRoMELL, M. voN : Lithographiae svecanae specimen secundum. Upsaliae.

? As for example in CARL LinNarr Olidndska och Gothlindska resa 1741.
Stockholm 1745; CARrL LiNNAEr Wiistgotaresa 1746. Stockholm 1747; CARrL
LLINNAEI Skanska resa 1749. Stockholm 1751; Museum Tessinianum. Stock-
holm 1753, and Systema naturae, lidit. XII. 1768.

# GYLLENHAHL, JoH. ABR.: Beskrifning p4 de si kallade Crystall-dplen och
kalkbollar, sdsom petreficerade Djur af Echini genus, eller dess nirmaste slagtingar.
(Description of the so called Crystal-apples and limestone spheroids as petrified
animals of Echini genus or closely allied forms.) Kgl. sv. Vet.-Ak. Handl. for
ar 1772

* WAHLENBERG, G.: Petrificata telluris svecanae. Nova acta Reg. Soc.
scient. Upsaliensis, Vol. 8. Upsaliae 1821.

® DALMAN, J. W.: Om Palaeaderna eller de si kallade Trilobiterna. (On
the Palaeadae or the so called Trilobites.) Kgl. sv. Vet.-Ak. Handl. for ar
1826. Stockholm 1827; och Uppstillning och beskrifning af de i Sverige funne
Terebratuliter. (Account and Description of the Terebratulites found in Sweden.)
Kgl. sv. Vet.-Ak. Handl. for 1827. Stockholm 1828.

S HisiNGER, W.:. Lethaea Svecica seu Petrificata Sveciae iconibus et
characteribus illustrata. Holmiae 1837.
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and collector, Lovenx' and ANGELIN,” which latter we have
also to consider as the founder of our modern Silurian Geology.

Even if our older Silurian palaeontologists by no means
took their material exclusively from Vistergétland, this latter
province was nevertheless for all of them a source sedulously
drawn upon and a very prolific one to boot. As regards the
abundance of fossils, other provinces and parts of the country
might very likely be able to measure themselves with Vister-
gotland, but with respect to the stratigraphy again, Vistergot-
land’s Silurian occupies incomparably the first place on account
of the striking regularity with which the different rocks, each
one with its peculiar lethaea (to use a name proposed by
Darman) recur in all the mountains that rear themselves
above the Vistergotland plain. Already KaLm® gave a very
good account of the sequence in the mountains of Vistergot-
land; his statements about the succession of strata were
turther confirmed by LinNg, who also tried, as much as the ele-
mentary knowledge of those days permitted, to apply the same
sequence of strata even to the Silurian of other parts of the
country, something which in our time induces NarnORST* to
call LinNE the founder of Stratigraphical Geology.

A safe foundation for a general stratigraphy can, however,
after the experience gained, only be obtained with the aid of
palaeontology. The systematic division and arrangement of the
Silurian strata demanded thus a certain greater development of
Silurian palaeontology. It was also first in 1854 that AncE-
LIN, after having finished his extensive researches into the trilo-
bite fauna of Sweden, saw himself enabled to bring out his well

! LovEN, S.: Svenska Trilobiter. (Swedish Trilobites.) Ofvers. Kgl. Vet.-
Ak. Forh. for 1845, p. 46 and 104. Stockholm 1846.

? ANGELIN, N. P.: Palaeontologia Scandinavica. Lundae 1851, 1854.

* PEHr KaLm's Wistgotha och Bahuslindska resa forrdttad ar 1742.
(Journey in Vistergotland and Bohuslin in the vyear 1742.) Stockholm 174¢.

* NaTHORST, A. G.: Carl von Linné sdsom geolog. (Carl von Linné as a
geologist.) Uppsala 1907. 8:o.



INTRODUCTION. 9

known Silurian scheme, which still to day forms the basis of our
Silurian stratigraphy. As the scheme in question is built
upon palaeontological ground, its different divisions could be
called after the fossils chiefly occurring therein, something
which for several reasons must be looked upon as an advan-
tage which it possesses above the Silurian schemes of many
foreign countries whose subdivisions are, for example, designated
with inexpressive, nugatory numbers or letters, or have received
local appellations taken from one or another typical occurrence.
The designations taken from palaeontology are certainly pre-
ferable also on account of their being more general, and thus
giving a greater value to the scheme, when it is a case of pa-
rallelizing deposits from different localities. ANGuLIN’s scheme
has also the merit of possessing a unitary ground of classifi-
cation, viz. the succession of the trilobites. At the same time as
the scheme has gained in- force by reason of this, the power
of accommodation has to a great extent been lost, as the
practicability must suffer by reason of no regard, or a small
such, being taken to other classes of animals than trilobites. As
soon as we have to do with formations in which trilobites
predominate, the scheme is excellent, but when it is a ques-
tion of formations with another palaeontological facies, it hap-
pens easily that we fall short with it.

And in reality it was also proved very soon that
ANGeLIN's scheme was not sufficient even for Vistergétland,
1. e. for the province whose Silurian strata have in the first in-
stance been a decisive factor for the scheme. As it was neces-
sary also to take regard to Vistergitland’s graptolite-bearing
shales, LiNNarssoN tried very soon' to make room for these
too in the general scheme. The new additions which it
thus received made, of course, an end of its entity. The weaken-
ing which the scheme suffered therefrom was, however, not

! LiNNARSSON, J. G. O.: Bidrag till Vestergitlands geologi. (Contributions
to the geology of Vistergitland.) Ofvers. Kgl. sv. Vet.-Ak. Fiorh. 1868.
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very mnoticeable until later on, and it must at any rate be
called a very great advance that the importance of the grap-
tolites for the stratigraphy received its due.

As detailed researches of the Silurian, from having
at first been principally carried out only in Vistergotland,
were by and by also made in other provinces, ANGELIN’s
scheme was put more and more to the test. For Dalarne,

1

for example, TornqQuisT' found himself compelled to set up
quite a deviating scheme, in which the petrographical nature
of the strata played an important part. It was lucky that
Linvarsson, after studies made of the Silurian in Vister-
gotland, found an opportunity of more closely examining the
Silurian even in other parts of Sweden. When LiNNArsSoN
on that occasion could prove that ANGELIN's scheme, that had
been modified by him, could very well be applied to the
Silurian of, for example, Dalarne, it became an important
contribution towards the establishment of the old scheme.

As regards Skiane again, I.iNNarssoN has certainly given
an account of the sequence of strata for certain parts of the
graptolite-bearing shales which play such a great part here,
but TurLBere was the first to make an attempt at setting
up a complete scheme for the Silurian of Skine. Making use
of LiNNArssoN’s preliminary work, and taking the English
pattern as his guide, he sets up a scheme in 1882, which
certainly takes up portions of ANGELIN's scheme, but vet on
the whole, especially with respect to the Ordovician, is so
unlike the former, that complete parallelization between the
two is hardly possible. A more careful examination of TuLL-
BERG's scheme of the Silurian of Skine afterwards proved

! TorNQuisT, S. L.: Om lagerfoljden i Dalarnes undersiluriska bildningar.
Geologiska iakttagelser. (The sequence of strata in the Ordovician deposits of
Dalarne. Geol. observations.) Lunds Univ:s Arsskrift, Tome III, Afd. IV. 1867.

* TuLLBERG, S. A.: Skénes graptoliter. I. (The Graptolites of Skéne. I.)
Sver. (eol. Unders. Ser. C, N:o 50.
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several inaccuracies in it, which obviously crept in just on
account of faulty basis of division.' TuLLBERG’s Silurian
scheme has been of great use just on account of its mistakes;
we have namely learned from them to what extent the value
of a scheme depends upon its having a unitary basis of
division. On the whole there are now hardly more than two
classes of animals, viz. the trilobites, representing deposits from
shallower, and the graptolites, representing such from deeper
waters, which each in its special place are of such great extent,
both vertically and horizontally, that they are suitable for
basing a Silurian scheme upon. And on the whole the two
schemes, each built upon its class of animals as mentioned,
supplement each other in a very excellent manner. Parallel
schemes obtained by combining two schemes of the afore-
mentioned kind have lately often been made use of.? The
scheme occupies in such case as a rule still a third column
indicating strata in which the two groups of animals are
simultaneously represented. In several instances the brachio-
pods, which at any rate pretty often are the sole representatives
of shore deposits, very likely merit a column of their own in
the scheme, but unfortunately the succession of the littoral
brachiopod faunas is not yet sufficiently known.

Before we pass on to an account of the present day
general scheme for Sweden's Silurian, it might be worth while
to point out, partly that our knowledge of the sequence of
strata in certain cases is rather imperfect — as, for example,
we know too little of the conditions concerning the Gotlan-
dian in the said respect in districts where limestones (or tri-

! Such inaccuracies occur also in the scheme drawn up by LINNARSSON,
but they are not quite so glaringly conspicuous there.

? As for example MoBERG and SEGERBERG (1906), OLIN (1906), WESTERGARD
1909). — It was really TorNqQuisT, who, in 1875 (p. 56 in »Berittelse om en
geologisk resa genom Skine och Ostergétland»), first stated that the graptolite
shales were partly to be parallelized with, not only put in between, the limestone
deposits.
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lobite-bearing strata) preponderate — partly that the difference
between the scheme in its older and present day shape is, of
course, not noticeable with regard to the Cambrian, in which
graptolites, at least in our country, do not yet appear. To judge
from certain conditions it almost seems, as I have stated else-
where,! as if there had also been genera or forms amongst
the trilobites which, contrary to the majority, had flourished
best under such conditions as existed in somewhat deeper water.
If such a distinction could really be proved, we would have
cause to divide the scheme into two columns also with regard
to the Cambrian, of which then the one would to a certain
degree correspond to the column for graptolite or deep-water
facies in the remaining Silurian or, at least, play an inter-

mediate part.

General Scheme of the Silurian of Sweden.

(From shore or shallow sea) (From deeper sea)
Trilobite (and Brachiopod) Graptolite facies.
facies.

Series C. Gotlandian.
Oved—Ramsésa formation in Skéane.
Grind-sandstone in Dalarne.

Gotland's strata, viz. Sphaeroco-
Regio B dium marl and younger.

Encrinurus beds{(Gotland’s strata older than the|Colonus shales.

Sphaerocodium marl,

Cy t
Pentamerus limestone and }Sr}t]c;i:p us
Quartzite with Phacops elliptifions )
in Jamtland. Rastrites shales.

! MoBERG, J. (. and SEGERBERG, C. O.: Bidrag till kinnedom om cerato-
pygeregionen med sirskild hinsyn till dess utveckling i Fogelsingstrakten.
Lunds Univ. Arsskrift. N. F. Bd. 2, Afd. 2. Lund 1906. (Note on
page d1).
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Series B. Ordovician.

(From shore or shallow sea) (From deeper sea)
Trilobite (and Brachiopod) Graptolite facies.
facies.

The Leptaena limestone in Dal-
Regz'o DE. ] arne.
Harpes beds. IBrachiopod shale in Véstergot-|Upper Dicello-
land and other provinces. | graptus shales.
Regro Db.

Trinucleus beds.

Regio Da.
Chasmops beds.

Middle Dicellograptus shales.

Regio C. Upper Didymograptus shales.
The upper part (zones 2 to 5) of the

Lower Didymograptus shales.

|
lLower Dicellograptus shales.
Asaphus beds. l

Regio BC. The lowest part (zone 1) of the Lower
Didymograptus shales.

Cerat beds.
L ORYEELLESS lDictyograptuS shales.

Series A. Cambrian.
Regro A (partim).
Olenus beds.
Ltegio B (et A partim). Graptolite-bearing
Paradoxides beds. strata are not known.
Regio Fucoidarum.
Olenellus beds.



CHAPTER II.
General review of the different series.
Series C. Gotlandian.

Of those parts of the country, from which the forma-
tions Dbelonging under this heading are known, only Skéne
can point to a complete series, and one that has been at all
satisfactorily cleared up with regard to the sequence of strata.
We find namely there not only the whole suite of the Got-
landian graptolite shales, but also a younger division, the so
called Oved-Ramsisa formation, whose lower part, composed
of limestones and shales, may be said to have a trilobite
facies, whilst the very uppermost part consists of sandstones
in which the fauna, which is entirely without trilobites, con-
tains brachiopods and one Leperditia as the principal fossil.
To judge from all the circumstances, the Oved-Ramsisa formation
very probably directly overlies the Colonus beds, and is there-
fore not, as TuLLBERG seems to have believed at first, partly
the latter’s equivalent. According to some accounts of the
graptolite shales by TurLLBERG and T6rNQuUIsT, and quite recently
of the Ramsisa formation by Mosrrc and GRONWALL, we get
the following scheme for

The Gotlandian of Skéne. C I!,
4. Oved-Ramsésa formation, Zones 4—1.
3. Colonus beds .lZone with Gothograptus nassa Hovw.
Odarslof flags.

! The Roman figures (next to the letter indicating the series) designate
in this work only types for a different development of the series in question.
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Zone of Cyrtograptus Carruthersi Larw. and
Monograptus testis BArr.
Cyrtograptus rigidus TuLLB.

£

2. Cyrtograptus beds. » Monograptus Riccartlone;?sis Lapw.
) » Cyrtograptus Murchisoni CARR.
» » Lapworthi TurLz,
» > sprralis GEIN.
» » Grayae Larw,

Zone of Monograptus runcinatus Lapw.

» » Sedgwicks Porri.
» Diplograptus cometa GEIN.
1. Rastrites beds. ’ ’ fo%mm HIs.
» Monograptus triangulatus HARKN.
» » cyphus Larw.
» Diplograptus vesiculosus NicH.
» » acuminatus Lapw.

Gotland again, the large island exclusively built up of
Silurian strata belonging to this series and from which the series
has just borrowed the name, shows strata of another kind, on the
whole deviating so much from those of Skine that no complete
parallelization, zone for zone, has been possible. A great
obstacle to parallelization is the circumstance that we are not
even quite clear about the sequence of strata in the Silurian
of Gotland. As is generally the case with deposits from
shallower waters, synchronous deposits occur namely here, too,
in a very varying habitus; we also find a caleidoscopic mixture of
coral-reefs, Stromatopora-reefs, crinoid-banks, Megalomus-banks,
limestones and sandstones charged with brachiopods or trilo-
bite-bearing ones, graptolite-bearing marls etc. etc. No settled
palaeontological facies exists, no group of animals (except per-
haps the brachiopods) runs right through the entire series of
strata in a sufficiently uninterrupted sequence that the forms
belonging there, rather than others, can be used as charac-
teristic fossils in a unitary scheme. We certainly know the
sequence of strata quite well in the Visby section, at the NW.
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coast of the island, where the oldest strata occur, and likewise
the sequence of strata of the southern part of the island (geolo-
gical map-sheet Hamra), where the youngest deposits are found,
but the relation between these two parts has not yet been cleared
up satisfactorily. We might, however, with great reservation
be able to give about the following form to the scheme for

The Gotlandian of Gotland. C II!

fCrinoid limestone or Stromatopora limestone.

LR o Grey, somewhat lamellar limestone.

8. Ostracod limestone.

7. Girvanella? limestone.

6. Oolite.

5. Sandstone.

4. Girvanella? marl.

3. Dayia limestone (with D. navicula Sow.)

2. Marl-shales with limestone bands (also containing graptolites).

1. Shales with Stricklandinia lLirata Sow.

Of the strata mentioned the »Girvanella>-bearing strata, to-
gether with the oolite and sandstone interstratified between
them, or, as we can also say, the strata containing Homalonotus
Krighti KoN. var. rhinotropis ANe. are very likely to be corre-
lated with the lower part of the Oved-Ramsésa formation. The
Gotlandian strata lying below this would therefore be correlated
with the Upper graptolite shales of Skane, from the Colonus
beds to the Rastrites beds inclusive. Whether the limestones in
the said beds, or on the other hand the graptolite-bearing marl-
shales occurring on Gotland, permit of any more detailed pa-

’ When this treatise was about to be printed I received the following papers:
MuxTHE, H.: »The sequence of strata in Southern Gotland»> and HeEpsTrROM, H.:
»The silurian Stratigraphy in the neighbourhood of Visby», which give fresh contri-
butions to the stratigraphy of the Gotlandian of Gotland. I regret that I can now
only refer to the papers themselves, both published as guides for the 11th
Intern. Geol. Congress.

* The fossils, which up to that time had been called Girvanella, were in
1908 more closely studied by RoTHPLETZ, and by him partly described as Sphaero-
codium (gotlandicum). Of course, we now have to write »Sphaerocodium marl»
and »Sphaerocodium limestone».
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rallelization must for the present be left undecided. Mono-
graptus dubius SUESS and Gothograptus nassa HoLm are, howe-
ver, common to the lower part of the Colonus beds and to
the »marl-shales with limestone bands» of Gotland.

To the W. of Storsjon Lake in Jimtland the Gotlandian
seems to have assumed quite a peculiar development. In the
deposits found there we have the following sequence of strata for

The Gotlandian of Jamtland. C III

3. Rastrites beds (upper part).

2. Pentamerus limestone.

1. Quartzite with "Phacops elliptifrons Esm.

The Pentamerus limestone contains, besides Pentamerus
oblongus Sow., trilobites such as, for example, Encrinurus
punctatus W AHLENB., Proetus concinnus DarMm. and Bumastus
barriensis MurcH. — As the (Upper) Rastrites beds here have
not been met with directly covering the Pentamerus lime-
stone, it is quite possible that they may be partly parallelized.
As for the Gotlandian, the Silurian of Jimtland has its nea-
rest parallel in the Silurian of Norway.

In Dalarne, where the lower part of the Gotlandian is
developed in the form of Graptolite shales, the uppermost part
consists of a sandstone (»slipsandsten» =grind-sandstone) to
all appearances devoid of fossils, but which yet on account
of its sequence may be looked upon as pretty well correspond-
ing to the Oved or Ramsisa sandstone in Skine. As we also
take into account a couple of little known strata found together
with the grind-sandstone, we obtain the following scheme for

The Gotlandian of Dalarne. C IV.

4. Grind-sandstone.
{Bumastus limestone.

|

\f
Grey shale poor in fossils. ﬂ: Colonus })cc_lsH]

2. Retiolites beds.
1. Rastrites beds.

|3~
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Besides the provinces and parts of the country quoted
we find Gotlandian strata also in Vistergotland and Ostergot-
land, where we have, for example in the neighbourhood of St.
Aby, shales belonging to the topmost part of the Rastrites beds.

Series B. Ordovician.

In the deposits coming under this heading we find the
majority of the zones developed not only with trilobite facies,
but also with graptolite facies, and more locally there appear
furthermore also some deposits with another facies, such as,
for example, brachiopod facies, coral or crinoid facies. In some
parts of the country a trilobite facies is predominating, in
others again a graptolite facies, but here the continuity is as
a rule never so complete as not to cause the dominant facies
to give way, at least in some zone, to that of the other type.
Sometimes we find trilobite and graptolite facies alternating
with each other in regular order. A combination of all the
facies of one kind or another that are known to exist in
different parts of the country, and come under this heading,
gives us the scheme over leaf in which, however, many of
the minor zones are merely of local significance.

As has been mentioned in the preceding lines, a tri-
lobite facies exists in the Ordovician system in many parts
of the country, yet, even in such a case, the very lowest strata,
1. e. the lower part of the Ceratopyge region, is as a rule
developed in the form of graptolite shale, the Dictyograptus
shale, in which trilobites have been found at only two places.
The Dictyograptus shale is, however, at many places substi-
tuted by a brachiopod facies, the Obolus beds, which have
clearly been deposited in shallow water. Typical Dictyo-
graptus shale is found in Skane, Southern Oland, Oster-
gotland, Vistergotland and Angermanland. Obolus beds occur
in Dalarne, Northern Oland, the Silurian district of the
Northern Baltic (in boulders) and possibly in Ostergot-
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land. Apart from the very lowest part just mentioned, the
Ordovician in Oland, as well as in Niirke — where, as far
as we know, only the lowest parts of the series (Ceratopyge
limestone and the lower part of the Orthoceras limestone) are
represented — is developed exclusively in the form of limestone
facies in which, apart from some bands loaded with cystideans,
trilobites predominate, and graptolites are only met with in
exceptional instances. In Vistergétland and Dalarne a pro-
nounced graptolite facies has also been found at a slightly
higher level, viz. in the Lower Didymograptus beds which
correspond with the topmost part of the Ceratopyge region
and the lower part of the Asaphus region. In these provinces
we have furthermore quite a pronounced trilobite facies in
whose deposits graptolites are only rarely met with in that
part of the Trinucleus beds, which has been designated the
»black Trinucleus shale» and which furthermore has also
in Ostergétland been proved to contain graptolites, and in
the »Flagkalk»> of Dalarne, transition beds between the Asaphus
and Chasmops regions. Even in Skine and Jémtland the
Lower Didymograptus beds are met with, but in these pro-
vinces, especially in the former, the graptolite facies is con-
spicuous even in the younger strata. Thus we have in Skine
also an Upper Didymograptus shale, after which comes the
Dicellograptus shale, which from the highest part of the
Asaphus region continues right through the entire Ordovician
up to the base of the Gotlandian, here and there with layers
in which a more or less predominant trilobite facies is, so
to say, put in. Even in Jimtland’s Ordovician the Lower
Dicellograptus shales are to some extent represented, and
this is all the more remarkable, as a graptolite facies in
Scandinavian strata of this age is otherwise only known of
in Skine (and Norway). In the deposits formed in shallow
water (and especially in those developed with trilobite, coral
or brachiopod facies) those belonging to the upper part of
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the series also show the greatest variety with regard to the
kind of the deposits. We have thus here: in Vistergot-
land the typical Brachiopod shale, in Dalarne the »Kling-
kalk» (clink-limestone) and Leptaena limestone, in Skdne the
zone of Phacops eucentra ANG. (deficient in brachiopods), and
further the peculiarly developed Silurian of the Northern Baltic
district, which Silurian, only known in boulders, otherwise
in all particulars approaches the lksthonian Silurian.

It is also worth remarking that trilobite-bearing lime-
stones, embedded in the graptolite-bearing shales (as, for example,
the limestone with Pliomera Tornquistt Horm and Ampyzx pa-
ter HormM, in the Lower Didymograptus shales of Dalarne,
and Figelsing’s Orthoceras limestone) pretty often have a
peculiar character, as well as some strata in which grapto-
lites and trilobites occur together (as, for example, the zone
of Calymmene dilatata developed in Skidne and the zone of
Robergia microphthalma in Jimtland).

Series A. Cambrian.

Contrary to the conditions in the Ordovician, there exists
a certain. monotony in this series. . It is not enough that
graptolite-bearing deposits are absent here, wherefore we have
to stick exclusively to a trilobite facies; in other respects, too,
a uniformity makes itself felt by a practically similar deve-
lopment of the same zone over almost the whole area occu-
pied Dby deposits that come under this heading, although in
some instances the petrographical nature of a zone may be
quite heterogeneous in different districts, a condition of which
we shall soon quote an example. . In some zones, however,
brachiopods are so plentiful that one can talk of a brachio-
pod facies. This is especially the case with the zone of Para-
doxides Forchhammeri Ane., which is thus developed partly
with a trilobite facies, partly with a brachiopod facies. In
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the Olenidian there certainly occur banks with masses of
brachiopods, but these are interstratified and by transition
connected with trilobite-bearing strata. In the sandstones of
the Olenellus beds the brachiopods are also (sometimes in
company with pteropods) at many places the only element
of fauna, whereas the same deposits elsewhere also contain

trilobites in scanty measure.

Table of the Cambrian. Series A.

Al All
S = [ Acerocare zone
=) <
g .8 | Peltura zone
= S5l -
2 £ §| Fuwrycare zone
::D g ‘;’ Parabolina spinulosa zone or Orthis lenticularis zone
& © &a| Olenus zone
(=N
B = | Agnostus. zone
, . ( Forchham- [ Agnostus laevigatus zone \ or Orthis exporrecta-
e =1 . s
5 .2 [ meri beds | Centropleura Lovént zone| conglomerate.
Q = . .« g
2 g 2 8 Paradoxides Davidis zone
Q IS o« . . o .
S £ 5 5! Tessini| Middle Tessini layers
. =
2a 2] beds Acrothele granulata-
o <
. A g Conocoryphe exsulans zone conglomerate.
N . .
Oelandicus beds (Par. oelandicus zone)
3 . & ( Holmia Kjerulfi zone Lingulid (or Fucoid)
-~ S ‘g
Z : %c,.; sandstone
2 £35S Schmidtiellus Torelli zone Muckwitzia (or Eo-
< —_
2= 358 phyton) sandstone.
= E
- S | Lower Hardeberga sandstone

Only zones of any importance, or of greater extent,
have been incorporated in the scheme; zones which are only
locally developed will therefore be more particularly treated
in the detailed descriptions in the next chapter. As will be
seen from the scheme, brachiopods predominate in at least
one zone in each of the three main divisions of the Cambrian,
or more correctly speaking, in every division there are beds
in  which brachiopods are abundant. With regard to the
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zone of Orthis lenticularis WAHLENB. it is to be noticed,
though, that besides the last mentioned fossil often also
Parabolina  spinulosa WAHL. is met with in the same. Or-
this exporrvecta Linrs. is certainly also encountered together
with the Forchhammeri-fauna, but on the other hand it is
met with at many places, together with other brachiopods or
alone by itself, filling the conglomerate which received its
name therefrom. Finally, as regards the Olenellus beds, trilobites
have been found therein only in Skine, West-Dalarne, Norr-
land and the Northern Baltic Silurian area, whilst trilobites in
synchronous deposits in the rest of Sweden are altogether absent.
The first column of the scheme refers therefore (concerning the
beds in question) first of all to the conditions in Skine, its
second column again chiefly to the Silurian of Viistergétland.

The Cambrian deposits are of particularly great extent.
Least known are really the sandstones belonging to the
Olenellidian, which form the base of the Silurian system;
the infrequent occurrence of fossils in the sandstones is
naturally an obstacle to their being identified with cer-
tainty, and appointed a place in the scheme. One can
namely not strictly parallelize the basal sandstones of the
different provinces, for example those of Skdne and Vistergot-
land. If we start from the supposition that the Schmidtiellus-
bearing strata in Skdne are to be correlated with those in
which the genus has been found in Esthonia — something
which is rather uncertain, though — and that these latter by
the occurrence of Mickwitzia and Medusina have been proved
to be contemporaneous with the Mickwitzia sandstone (»Eophy-
ton sandstone») in Vistergotland, the result would be that
the zone with Schmidtiellus Torelli MBe in Skane would have
to be parallelized with the Mickwitzia zone in Vistergotland,
which again would result in the zone of Holmia Kjerulfi Lixgs.
having to be parallelized witht he Lingulid sandstone. In the
many instances in which no fossils at all have as yet been
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found in the sandstones the uncertainty is clearly still greater,
yea, it can often stretch so far as to make it altogether
impossible to find out whether the sandstones in question
really belong to the Cambrian. The Wemdal quartzite for
example is such a rock, concerning whose geological age
opinions have greatly differed and very likely still differ;
the history of this we must, however, reserve until later on,
when it may possibly get a chapter to itself.

The Cambrian strata have been met with on the eastern
edge of the Scandinavian Mountain Range (in Lappland,
Angermanland, Jimtland, Hirjedalen and Dalarne), in the
Northern Baltic Silurian district, in Nirke, Dalsland, Vister-
gotland, Ostergitland, on the coast of Smiland (and Blekinge)
with the Kalmarsund district, in Oland and Skéne. Everywhere
here one finds Lower Cambrian strata, often developed to a
great thickness; the Middle Cambrian is to be found in Vister-
botten, Angermanland, Jimtland, West-Dalarne, Nirke, Vister-
gotland, Ostergotland, Oland and Skéne, the Upper Cam-
brian in the same parts of the country, with the exception
of West-Dalarne. The very uppermost part, the Acerocare
zone, has only been met with in Skéne and in the southern
part of Oland.

As has been previously mentioned, the rocks, especially
in the Middle Cambrian, vary considerably in the different
areas. Thus the zone of Paradoxides oelandicus SiOGR. in
Oland, Nirke and Ostergdtland is a greenish-grey argilla-
ceous shale, in Jimtland, on the other hand, an alum shale.
In Skine there occurs on the corresponding horizon a li-
mestone filled with fossil fragments, the » Fragment limestone.
The zone of Paradoxvides Tessini BroNgN., which in Skine,
Vistergotland and Jamtland consists of alum shales, is in
Ostergstland and Nirke formed of greyish-green argillaceous
shales, but in Oland of a partly calcareous, shaly sandstone.
The rock of the Forchhammeri zone is generally either a bi-
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tuminous limestone or an alum shale,' but may in a lot of
occurrences be called a conglomerate in which brachiopods,
especially Orthis erporvecta Lixgs., after which the formation
has also been called the » Exporrecta conglomerate», predominate.
This conglomerate is specially known from Jimtland, Oland
and Vistergotland (in Gudhem); the zone is otherwise known
from Skine (the »Andrarum limestone»), Ostergotland, Niirke
and Angermanland (at Tasjo).

! In Angermanland, however, the zone is partially built up of a bluish-grey,
gritty and shaly limestone.
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(In the last mentioned work a more complete account
of the clder literature is given.)

The deposits coming under this heading, mentioned in
the literature already in the first half of the 18th century,
were by HisiNeer (1831) and Sv. N1rssoN (1841) included in the
Keuper, by ForchnAMMER in 1854 reckoned to the Devonian, by
MurcuisoN in 1847 to the Silurian, so also in 1862 by N. P.
ANGELIN, but in 1872 by E. ErpMANN again to the Keuper. It
was not until 1874 that LiNnnarssoN and LuNDGREN set the
age of the deposit down to the Upper Silurian. Thereafter
the most important question was the relation of the deposits
to the Colonus beds. According to TuLLBiRG they would be
interstratified and partly equivalent to the said beds. Eicn-
sTADpT again advances the opinion that they are younger; the
deposits, which by him, on account of the petrographical de-
velopment at Klinta, were divided up into six different zones,
are presumed to have got their present geographical distribu-
tion by reason of folding (the occurrences would be lying on
the anticlines of the folds). GroNwaLL adopted Eicmstipr’s
opinion, but amalgamated Eicrstipnt’s three lowest layers into
one, so that instead of 6 zones we have 4. It is this latter
classification we have followed in the scheme.

The Oved-Ramsasa formation is besides those localities,
Ovedskloster and Ramsisa, from which their appellation has
been derived, also met with at Bjersjolagird, as well as in some
minor occurrences situated on a line drawn between the last
mentioned spot and Ovedskloster. Amongst them we have to
mention Skartofta, Tulesbo, Kirrby and Elestorp; at all these
localities shales with limestone bands similar to those at Bjer-
sjolagard are met with.

A table showing the sequence of strata at the different
localities has the following appearance:
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Zone 4.
Klinta. Sandstone, red.
Oved-Bjersjolagird. Sandstone, red.
Ramsdsa. Sandstone, red (with shales).

Zone 3.
Klinta. Shale, greyish-blue.
Oved-Bjersjolagdrd. Shale, greyish-blue.
Ramsdsa. Shale, light-red.
Zone 2.
Klinta. Sandstone, yellow and white.
Oved-Bjersjolagdrd. Sandstone, yellow and white.
Ramsdsa. ?
Zone 1.
Klinta. Shale, grey with limestone bands.
Limestone and shale in the quarry.
Shale with limestone bands NW. of the quarry.
Ramsdsa. Shale, grey with limestone bands.

Oved-Bjersjolagdrd. { Z'

In the red sandstone, which is very deficient in fossils,
only scanty, mostly badly preserved shells have been found,
further a couple of brachiopods, Lingula minima Sow. and Lin-
gula cornea Sow.,and poorly preserved ostracods, amongst which a
large Leperditia inaequalis GRrONWALL is the most characteristic
fossil.

As the sandstone forms a beautiful building material,
large quarries, especially at Helvetesgrafven in Oved, but also
at Klinta and Ramséisa, have been started in the same. The
quarries in Oved are remarkable, partly on account of the
sandstone’s being traversed by the so called Frualid diabase,
partly by reason of TorNeBonw’s and Hexnig’s (1904) want-
ing, in my opinion without any wvalid reasons, to include
the uppermost parts of the strata existing there to the Keu-
per. At Ramsisa a flexure-like dislocation in the strata is to
be found.

In the shale lying next under, an abundant fauna is met
with, in which especially lamellibranchiates and ostracods occur
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in great numbers, not only as regards individuals, but
also as regards species; even annelids, bryozoa, brachiopods,
gastropods (mostly Bellerophon spp.), pteropods, cephalopods,
trilobites, as well as Gigantostraca and Pisces are here re-
presented. In order to quote some of the commonest or
most characteristic species we may mention: Pholidops antiqua
ScurotH., Chonetes striatella Daum., Cucullella ovata Sow.,
Sanguinolites anguliferus M’Coy, Bellerophon erpansus Sow.,
Tentaculites tenuis Sow., and T. annulatus ScurorH., Hyolithus
scanicus GRONWALL, Orthoceras spp., Aparchites obsoletus JoNks
et Howr, Primitia mundula Jonvs, DBeyrichia Buchiana JoNes,
B. Maccoyiana Joxes, B. nodulosa Boivn, B. scanensis Kowru.,
B. Steusloffi Kravse, Kloedenia Kiesowi Krausk, Ki. Wilcken-
siana Jonges, Thlipsura tetragona Krause, Cytherellina siliqua
Jones, Bythocypris triangularis GrRONWALL, Phacops Downingiae
MurcH., Calymmene intermedia liaxpstr. and Ceratiocaris sp.

In zone 2 lamellibranchiates ana gastropods have only
scantily been met with.

Amongst the fossils characteristic for zone 7 may be
mentioned Aviculopecten reticulatus His. and A. Danbyi M’ Coy,
Platyceras cornutum His., Beyrichia gotlandica Kiks. and B.
lauensis Kies. as well as Homalonotus Knighti KoN. var. rhino-
tropis ANe. A great many of the ostracods and others men-
tioned from zone 3 appear already here. At Bjersjolagard
GrONWALL has in the zone 7 distinguished an upper and a
lower part. The former, 1 b, which is quarried in the limestone
quarry itself, consists partly of a rock prolific in corals (La-
bechia conferta E. H., Favosites Forbesi E. H. and F. La-
bechei E. H., Heliolites interstinctus li., Cyathophyllum dianthus
Lonsp., Pholidophyllum tubulatum ScuroTH., Actinocystis Grayi
E. H.), Coenites intertextus E. H., Stromatopora discoidea Sow.
and crinoids, partly of banks filled with »Girvanella problematica
Nicn.» (Sphaerocodium?). A couple of graptolite fragments have
also been found here. Right on top there are rather shaly por-
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tions (shales with minor limestone-like portions) rich in Euryp-
terus fragments and annelid jaws, besides which shells and
brachiopods of different kinds are common here. In the low-
est part, 7a, ostracods are plentiful in the lower layers,
higher up corals and crinoids become more abundant.

It is to be noticed in general that in the Oved-Ramsasa
formation the separate zones form together an even transition,
so that definite characteristic fossils cannot be given for the
different zones, which were originally settled on account of the
change that occurs in the rocks in the different parts of the
Klinta district.

On drawing a comparison with the correlating strata of
England, zones 7 and 2 of the Oved-Ramsisa formation may
very easily be parallelized with the Rhynchonella flags and
Chonetes flags or the Lower and Upper Whitcliffe, zones 3 and
4 with Downton Castle and Temeside (Eurypterus shales).

C I: 3. The Colonus beds.
Literature.

1875. LinNarssoN, G.: Anteckningar fran en resa i1 Skénes
silurtrakter ar 1874. (Notes from a journey in the
Silurian districts of Skine in 1874.)

1880. TurLLBErG, S. A.: Om lagerfoljden i de kambriska och
siluriska aflagringarne vid Réstanga. (On the succession
of strata in the Cambrign and Silurian deposits at
Rostinga.)

18582.| Tururre, S. A.: Skines graptoliter. I, TI. (The

1883. | Graptolites of Skane.)

1882. Marg, J. E.: On the Cambrian (SEpGw.) and Silurian
Rocks of Scandinavia. Q. J. of G. S.

1887. Dk Geer, G.: Beskrifning till kartbladet Lund. (Ex-
planation to the map-sheet Lund.)

1889. TorNquist, S. L.: Nigra anmirkningar om vestra
Europas kambriska och siluriska korologi. (Some Re-
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marks about the Cambrian and Silurian chorology of
Western Europe.)

1892. Howst, N. O.: Beskrifning till kartbladet Simrishamn.
(Explanation to the map-sheet Simrishamn.)

1892. ScmmarLenske, G. C. voN: Om lagerféljden inom Da-
larnes siluromraden. (On the succession of stratain the
Silurian areas of Dalarne.)

1899. HoLm, G.: Om de ofre graptolitskiffrarne pa Kinne-
kulle. (The Upper Graptolite shales at Kinnekulle.)

1909. Moserg, J. C. and GroNwaLL, K. A.: Om Fyledalens
gotlandium. (The Gotlandian of the valley of Fylan.)

1909. Mosgkreg, J. C. and Tornquist, S. L.: Retioloidea fran
Skanes colonusskiffer. (Retioloidea from the Colonus
shale of Skane.)

TuLLBERG was the first to separate (1880) these strata
from the Upper graptolite shales in general. The designation
»Cardiola shale» introduced by him (or the term »Marl shale>»
generally used in the older publications of the Geolog. Survey
of Sweden) was subsequently the current name for a time. In
1889 TornquisT emploved the name Colonus shale, a denomina-
tion which has now gained preference.

Colonus shale is in Sweden with absolute certainty
only known of from Skine, where it is of very great extent
(greater than any other Silurian bed of the province), in a
belt running from SE. towards the NE. in the map-sheets
Sandhammaren (at O. Hoby), Simrishamn (at Skillinge, the
valley of Tommarp—Jerrestad), Sofdeborg (at Ullstorp, Tolanga
and the valley of Fylan), Ovedskloster (at Rofvarekulan), Lund
(at Odarslof, S. Stré and the valley of the Kjeflinge river),
Trolleholm (at the W. and NW. of Lake Ringsjon up to Ka-
gerod) as well as Hilsingborg (at Sirekopinge and Tégarp).

MAaRrr (in 1882) thought that at Kinnekulle in Vistergot-
land he had found boulders of these shales immediately below
the diabase, but, according to HorLm, MARR's suppositions must
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he due to a faulty determination. ScHMALENSEE mentions Colonus
shale containing Monograptus scanicus TuLLB. from the upper-
most shales immediately below the grind-sandstone below the
waterfall at Stygforsen in Dalarne. Nothing further is, how-
ever, known with regard to this observation.

In 1880 TurLBerG says that the Colonus shale is lying
below the Klinta Group, but afterwards he expresses himself about
it in such vague terms that it appears as though he conside-
red it to be partly equivalent to the Oved-Ramsisa forma-
tion. According to MoBere and GroNxwaLL (1909) it is pro-
bably most nearly equivalent to the Aymestry Groupin England.

The rock consists of more or less calcareous, grey shales,
in certain layers approaching a sandstone, rich in small la-
minae of white mica. Embedded in the shales are limestone
bands and more or less large, highly calcareous lenses, some-
times in great quantities and of quite considerable sizes.
Apart from rare layers or bands full of fossils, the rock is
generally very deficient in such.

Besides Cardiola interrupta Sow., Monograptus colonus
BArr. is the most commonly occurring fossil. Amongst other
graptolites are to be noted Monogr. bohemicus Barr., Monogr.
dubius Svrss, Monogr. scanicus TuLLs., as well as Monogy .
Nilssoni BArr. and Monogr. uncinatus Tvrus., of which the
two last mentioned only are stated for the older strata. Here
and there layers with a more varying fauna, trilobites, ostra-
cods etc., have been met with, mostly, however, without
being able to decide their place in the complex of layers more
definitely. LixNARrssoN, for example, mentions from Stehag
shale coming under this heading, which contains Calymmene
tuberculata BRUNN., Encrinurus punctatus W ARLENB., Orthoceras
sp., as well as Dbrachiopods, and in the Explanation to the
map-sheet Simrishamn Horsr (1892) mentions from the Colo-
nus shale at Smedstorp a slightly calcareous stratum rich in
fossils, amongst which Acidaspis, Phacops, Proetus, Cardiola
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interrupta Sow., Gothograptus mnassa Houm, Orthoceras and
pelecypods are named.

Mosrre and Tornquisr (1909) were able to prove some
strata in Roddinge, in which, besides the usual fossils of the
Colonus beds, Retioloidea, such as Plectograptus macilentus TORN-
QUIST, Retiolites spinosus Woobp and Gothograptus nassa Horw,
form a considerable portion of the fossil fauna.

It is certain that we have to distinguish different sub-
divisions in the Colonus beds; no complete classification could,
however, be carried out yet. As we pointed out in the
scheme on page 14 we might yet with certainty be able to
distinguish a lower part, the so called Odarslof flags, in which
sandstones, with (or without) scantily interstratified shales, pre-
dominate, and, slightly higher, another argillaceous part in
which retioloid graptolites occur plentifully. In the Odarslof flags,
which are most often devoid of fossils, there occur, however,
sometimes graptolites, as, for example, at Odarslof (very rares)
and at Tullstorp’s windmill, where the bed is stated to be
rich in Mornograpius colonus Barr. and Monograptus bohemicus
Barr. The Odarslof flags have, besides the occurrences stated,
also been proved to exist in O. Hoby (map-sheet Sandham-
maren), in the valley of Fylan (map-sheet Sofdeborg), SE. of
Hurfva railway station, as well as at Emnardd, in the parish
of Stehag (both in the map-sheet Lund).

CI. 2 and C I: 1. The Cyrtograptus beds and Rastrites beds
together with deposits of the same facies in other provinces.
(Compare the scheme on page 15).

Literature:

1869. ILinNarssoN, G.: Om Vestergotlands Cambriska och
Siluriska aflagringar. (On the Cambrian and Silurian
deposits of Vistergitland.)

1875. Tornquist, S. L.: Berittelse om en geologisk resa ge-
nom Skines och Ostergétlands paleozoiska trakter som-
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maren 1875. (Account of a geological journey through
the palaeozoic districts of Skine and Ostergétland, in
the summer of 1875.)

LinNarssoN, G.: Om graptolitskiffern vid Kongslena i
Vestergotland. (The Graptolite shale at Kongslena in
Viistergotland.)

Tornquist, S. L.: Nagra iakttagelser 6fver Dalarnes
graptolitskiffrar. (Some Observations on the Grapto-
lite shales of Dalarne.)

LinNarssoN, G.: Om Gotlands graptoliter. (On the Grap-
tolites of Gotland.)

TuLLBERG, S. A.: Om lagerféljden 1 de kambriska och
siluriska aflagringarna vid Rostinga. (On the succession
of strata in the Cambrian and Silurian deposits at
Rostinga.)

Linyagrsson, G.: Graptolitskiffrar med Monograptus tur-
riculatus vid Klubbudden nidra Motala. (Graptolite
shales with Monograptus turriculatus at Klubbudden
near Motala.)

Torxquist, S. L.: Om nigra graptolitarter frin Da-
larne. (Some species of Graptolites from Dalarne.)
Kurck, C.: Nagra nya graptolitarter frin Skine. (Some
new species of Graptolites from Skine.)

1882, 1883. TuLLBERG, S. A.: Skines graptoliter. I, II. (The

1883.

1883.

1890.

Graptolites of Skine.)

Tornquist, S. L.: Ofversigt 6fver bergbygnaden inom
Siljansomradet i Dalarne. (A Review of the Tectonic
in the Siljan district in Dalarne.)

Tornquist, S. L.: Nigra komparativt-geologiska an-
teckningar frin en resa i Vestergdtlands siluromrade
sommaren 1883. (Comparative-geological notes from
a journey in the Silurian area of Vistergétland, in
the summer of 1883

HowLm, G.: Gotlands graptoliter. (The Graptolites of
Gotland.)
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1890, 1892. Tornquist, S. L.: Undersokningar 6fver Siljans-
omradets graptoliter. I, II. (Researches into the Grap-
tolites of the Siljan district.) Lunds Univ. Arsskr.
Afd. 2, Tom. 26, 28.

1893. MoserG, J. C.: En Monograptus forsedd med discus.
(A Monograptus provided with a discus.)

1894, Wmman, C.: Ueber die Silurformation in Jemtland.
Bull. Geol Inst. Upsala. Vol. I, Pt 2. 1893.

1896. Moserg, J. C.: Geologisk vigvisare inom Fogelsangs-
trakten. (Geological guide to the Fagelsing district.)

1897. Tornquist, S. L.: On the Diplograptidae and Hete-
roprionidae of the Scanian Rastrites beds. Lunds
Univ. Arsskr, Afd. 2, Tom. 33.

1899. Tornquist, S. L.: Nagra anteckningar om Vester-
gotlands oOfversiluriska graptolitskiffrar. (Notes on the
Gotlandian Graptolite shales of Vistergétland.)

1899. Torxquist, S. L.: Researches into the Monograp-
tidae of the Scanian Rastrites beds. Lunds Univ.
Arsskr. Afd. 2, Tom. 35.

1899. Horm, G.: Om de ofre graptolitskiffrarne pi Kinne-
kulle. (On the Upper Graptolite shales at Kinnekulle.)

1901. Howuym, G.: Kinnekulle, dess geologi och den tekniska
anvindningen af dess bergarter. (Kinnekulle, its geo-
logy and the technical use of its rocks.)

1910. Mosere, J. C.: Geological guide to Rostinga (with
the lake Odensjon) and Skiiralid.

The Cyrtograptus beds and the Rastrites beds are togeth-
er equivalent to what was formerly called the Upper grap-
tolite shales, a designation which, as regards Sweden, was
first introduced by LinNarssoN' in the year 1869. In his
B ! LINNARSSON on this occasion corrected also an earlier statement made
by himself (Om de siluriska bildningarna i mellersta Westergétland. — The
Silurian Deposits in Middle Vistergétland. 1866.) that these shales were lying under

the Brachiopod shale, and therefore Ordovician, a (faulty) statement which had
also already in 1856 been made by F. RoEMER.
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work of 1875 Tornquist divided (p. 57) these »Upper grap-
tolite shales> up into a lower part, Lobiferus shale, and an
upper, Retiolites shale, designations which were retained for
a long time. In 1880 TuLLBERG proposed the name »Cyrto-
graptus shale» for that part of the Scanian graptolite shales which
1s situated between the Colonus beds and the Retiolites beds.

In the year 1881 ILinNNArssoN gave an account of the
graptolite shales with Monograptus turriculatus Barr. at Klubb-
udden, near Motala, which contain a fauna of a somewhat
younger age than the previously known Lobiferus shale, and
to a certain degree are at the transition to the Retiolites
shales. For these so called Klubbudd shales and Lobiferus shales
he proposed the name »Rastrites shales» as a common designation.

In 1882 TuirLBere gave the following scheme for the
Upper graptolite shales of Skdne, which is specially worth
noting on account of the extent here given to the Cyrtograp-

tus beds.
Cyrtograptus beds:

Zone of Cyrtograptus Carruthersi Lapw. (and Monograptus
testis BARR.)
» > rigidus TuLLB.
» Murchison: CARR.
Monograptus Riccartonensis liapw.
 Cyrtograptus  Lapworthi Turis.
» spiralis GEIN,
Grayae Liapw.

Rastrites beds:
Zone of Monograptus runcinatus Liapw.
» Rastrites maximus CARR.
» Cephalograptus cometa GeIN. (and Monograptus
Sedgwicki M’Coy)
» Monograptus convolutus His. (and Monograptus lep-
totheca Liapw.)
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Zone of Monograptus gregarius Liapw. (and Monograptus tri-
angulatus HARKN.)
» cyphus Liapw.

In part II of >Skanes graptoliter», published in 1883,
some alterations had been made. The zones of Cyriogr.
Muyrchisoni and of Monogr. Riccartonensis change places. Retio-
lites Geinitzianus BArr., which begins at the base of the Cyrto-
graptus beds, continues then through all the zones right up
to, and including, the zone of Cyrtogr. Murchisoni; this lower
part of the Cyrtograptus beds might on the whole be correlated
to the Retiolites beds of Viistergotland and Dalarne.

The wupper part, again, seems rather to be characte-
rized by Monogr. Flemingi Santir and the very highest zone has
from its most commonly occurring fossil, Monogr. testis BArr.,
also received the name »Testis shale». Moreover, the scheme
was at the same time enlarged by the zone af Diplogr.
acuminatus NIcH., the oldest part of the Rastrites beds which
had been discovered at Tommarp.

In 1890 and 1892 TorNquisT gave an account of the
graptolite fauna of Dalarne, on which occasion he set up the
following scheme:'

Retiolites beds.
Transition bed.

Zone of Monograptus proteus BARR.
» » turriculatus BARR.
» » Sedgwicki Porri.
» Cephalograptus cometa GEIN.
» Monograptus gregarius Liapw.
» » leptotheca Liapw.

Rastrites beds

! Both in 1879 and 1883 TorNQuUIST had made some preliminary attempts
at getting some order into the Rastrites beds of Dalarne, of which only 2 zones
(the zone of Rastrites peregrinus BARR. and Cephalogr. folium His., as well as
the zone of Monogr. turriculatus BARR. and Diplogr. palmeus BARR.) were
to be found in solid rocks.
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He adds however, that the order between the two lowest
zones of the Rastrites beds (which is contrary to the one
given by TourniBere for Skine) is uncertain, and that such
is also the case with the order between its two uppermost zones.

Mosere proposed in 1892 (in Howrsr’s Explanation to the
map-sheet Simrishamn) to alter the designation »zone of
Monograptus gregarius> in TuLLBErRG's scheme to »zone of
Monogr. triangulatus»>; and finally TorxquisT in 1897 drew
up the scheme which I have reproduced on page 15. This
differs, apart from some changes in names (for example
that the zone of Monograptus gregarius is now called zone
of Monogr. triangulatus, and that the zone of Monogr.
convolutus received the name of zone of Diplograptus
folium) from TuLLBERG’sS scheme mainly by the fact of the
zone of Cephalograptus comela and Monogr. Sedgwicki having
been divided up into 2 =zomes, each one characterized by
one of the two last mentioned graptolites, besides which
the zone of Rastrites maximus, which TvLLBERG incorpora-
ted in his scheme exclusively after the English pattern, is
omitted. — In 1899 Tornquist calls attention to the great
similarity which the Rastrites beds of Vistergétland and
Skane show, not only to each other, but also to those of Da-
larne. In all these provinces he considers himself able to
distinguish a »transition bed» between the Rastrites shales (the
zone of Monogr. runcinatus) and the Retiolites shales. Whether
any special zone, characterized by Monogr. proteus Bark., ought
to be intercalated between »the transition bed» and the zone of
Monogr. runcinatus seems to him on the other hand now doubtful.

In 1910 MoBere advances the possibility that the zone
of Diplogr. wvesiculosus Nicu., which in England forms the
oldest zone but one of the division, may also be represented
in Sweden, viz. at Rostanga.

The Upper graptolite shales are known from Skane,
Viistergotland, Ostergotland, Dalarne and Jimtland. A fairly
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complete series of strata occurs only in Skane, where both
the Cyrtograptus beds and the Rastrites beds are developed
in the neighbourhood of Réstianga, Jerrestad-Tommarp, To-
sterup-Bollerup, as well as in the northern and north-eastern
parts of the Fagelsing district, besides which the Rastrites
beds alone are met with at Kiviks-Esperod (boulders) and
at the fishing village of Nyhamn, on the west coast of
the province. The upper part of the Cyrtograptus beds is
met with only in Skane. In Vistergétland there occur in
Kinnekulle both Retiolites beds and Rastrites beds, whilst
Billingen and Falbygden Mountains only show Rastrites beds.
In Ostergotland Rastrites beds have been met with (at St.
‘D\by and at Klubbudden near Motala), but Retiolites shales
are mentioned (in 1875 by TorxQuisT) only from a locality
N. of Motala Works. In Dalarne Retiolites beds have been
found at several places, viz. at Stygforsen (in Cement shale
and Spheroid shale), at Nittsj6, in Sollerén, between Diger-
berget and Orsa Lake, at Kallholn and Kallmora, as well
as at several other places. Rastrites beds occur there partly
as solid rock (at Kallholn and Osmundsberget), partly in
boulders at several places, as for example at Gullerisen, Nittsjo
and Furudal. In Jimtland shales have been found in the
parishes of Offerdal and Alsen, which appear to be a transi-
tion bed between the Rastrites beds and the Retiolites beds.

As regards the petrological character it has to be noted
that the Rastrites beds, with the exception of the topmost zone,
consist as a rule of hard, black shales, whilst on the other hand
the Cyrtograptus beds pretty well all through are formed of soft,
grey shales, in which rather frequently concretions of lime-
stone are embedded. Even if these strata are not so thick
as the Colonus beds, the thickness is yet quite considerable.
Horum gives it as 50 m. for Vistergotland. In Skine the
thickness is, however, at least 2 to 3 times as great, although
the numerous dislocations there make a fixed measurement
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impossible. Complete lists of fossils for the Cyrtograptus beds
of Skane are given by TuLLBERG in »Skénes graptoliter. 11,
and for the Rastrites beds of Skéne, as well as for the Retio-
lites and Rastrites beds of Dalarne by TOrNquisT in 1899
and 1892 respectively.®

C II. The Gotlandian ot Gotland.
(Compare the scheme on p. 16).

With regard to the Silurian of Gotland we have a very
rich literature, which has received particularly abundant
contributions from G. LiNpsTrOM, whose scientific activity was
almost exclusively centered upon the geology of his native
island. A complete list of the literature relating to Gotland’s
Silurian would take up far too much space here, wherefore
we are compelled to limit ourselves to giving only the most
important works concerning the same.

1727. Bromerr, M. von: Lithographiae Suecanae specimen
secundum.

1745. Linng, C. von: Corallia baltica.

1745. Carr Lixyager Olindska och Gothlindska resa 1741.
(A journey to Oland and Gotland in 1741.)

1798. Hisinger, W.: Minerographiske anmérkningar ofver
Gotland. (Minerographic remarks on Gotland.)

1818. WaHLENBERG, G.: Om svenska jordens bildning. (On
the Formation of the Earth of Sweden.) Svea. I.

! It is worth while noting here that LiINDSTROM'S lists (in »List of the fos-
sil faunas of Sweden») of the graptolites of the Upper graptolite shale are quite
misleading. Some of the species belonging to the Upper Cyrtograptus beds,
such as Cyrtograptus Carruthersi Lapw., Cyrtogr. Lundgreni TuiLLB. and the
characteristic Monograptus testis BARR. are not included in the lists. From
the Gotlandian (Upper Silurian) there are quoted, besides some species found in
Gotland, only those of the Colonus beds and 8 species from the Scanian Cyrtograp-
tus beds, besides which a few species from the Cyrtograptus and Rastrites beds
of Dalarne also are quoted. At the same time the majority of the Gotlandian spe-
cies, with the exception only of those of the Testis beds, are enumerated from the
Ordovician (Lower Silurian).
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Hisineer, W.: Gotland geognostiskt beskrifvit. (Got-
land geognostically described.) — The work is found
reprinted in a scarcely altered form in 1828 in vol.
4 of HisiNgERr's »Anteckningar i Physik och Geo-
gnosie».)

Murcaison, R. I.: On the Silurian and Associated
Rocks in Dalecarlia and on the Succession from Lower
to Upper Silurian in Smoland, Oland and Gothland
and in Scania. - Q. J. G. S.

VerneviL, E. pe: Note sur quelques Brachiopodes
de I'ile de Gothland.

Roremer, Ferp.: Bericht von einer geologisch-palidonto-
logischen Reise nach Schweden. Neues Jahrb. f. Min. ete.
LinpstroM, G.: Till Gotlands geologi. (On the Geo-
logy of Gotland. Ofvers. Kgl. Vet.-Ak. Forh.)
Scamint, Fr.: Beitrag zur Geologie der Insel Gotland.
Linpstrom, G.: Bidrag till kinnedomen om Gotlands
brachiopoder. (Contribution toward the knowledge
of the Brachiopods of Gotland.)

LinpstroM, G.: Nigra iakttagelser 6fver Zoantharia
rugosa. (Some Observations on Z. r.)

Om tvenne nya oOfversiluriska koraller frain Gotland.
(Two New Upper Silurian corals from Gotland.)
Kormopnin, L.: Bidrag till kiinnedomen om Sveriges
siluriska ostracoder. (Contribution towards the know-
ledge of the Silurian Ostracods of Sweden.)
Scamiptr, Fr.:. Miscellanea silurica. I. Ueber die
russischen Leperditien. (With a »Nachtrag> 1883.)
AxceLIN, N.P.: Iconographia Crinoideorum in stratis
Sueciae siluricis fossilium.

Kormopin, L.: Ostracoda silurica Gotlandiae.
LinvarssoN, G.: Om Gotlands graptoliter. (On the
Graptolites of Gotland.)

AngeLIN, N. P. and LinpstrOM, G.: Fragmenta silurica
e dono Caroli Henrici Wegelini.
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1888.

1888.
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1890.
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1890.

1890.

1891.
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Hinpe, G. J.: On annelid remains from the silurian
strata of the isle of Gotland.

Magg, J. E.: On the Cambrian (SEpGw.) and Silurian
Rocks of Scandinavia.

LinpstroM, G.:  Anteckningar om silurlagren pé Carls-
oarne. (Notes on the Silurian deposits on the Carl
Islands.)

LinpsrroM, G.: Om de palaeozoiska formationernas
operkelbirande koraller. (On the operculated Corals
of the Palaeozoic formations.)

LinpstroM, G.: On the silurian Gastropoda and Ptero-
poda of Gotland.

LinpstroM, G.; Forteckning pa Gotlands siluriska
Crustacéer. (List of the Silurian Crustaceans of Gotland.)
Linpstrom, G. and ThorkLL, T.: On a silurian scorpion
from Gotland. Kgl. Vet.-Ak. Handl.

Jonus, Ruperr T.: Notes on silurian Ostracoda from
Gotland.

LinpstroM, G.: Ueber die Schichtenfolge des Silur
auf der Insel Gotland. Neues Jahrb. f. Min. etc.
Kiesow, J.: Ueber Gotlindische Beyrichien.

Jones, R. and Woopwarp, H.: On some Scandinavian
Phyllocarida.

Linpsrrom, G.: The Ascoceratidae and the Lituitidae
of the Upper Silurian formation of Gotland.

HoLwM, G.: Gotlands graptoliter. (The Graptolites of
Gotland.)

Scamipr, Fr.: Bemerkungen ueber die Schichtenfolge
des Silur auf Gotland.

Dames, W.. Ueber die Schichtenfolge der Silurbil-
dungen Gotlands und ihre Beziehungen zu obersilur-
ischen Geschieben Norddeutschlands.

Scamipt, Fr.: Einige Bemerkungen ueber das Baltische
Obersilur in Veranlassung der Arbeit des Prof. W. Damzs
ueber die Schichtenfolge der Silurbildungen Gotlands.
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AvrivinLivs, C. W. S.:  Ueber einige Ober-Silurische
Cirripeden aus Gotland. Bih. till Kgl. Vet.-Ak. Handl.
Howwm, G.: Forevisar 1 Geol. For. 1 Stockholm en
i Palaeophonus-lagret vid Visby af v. SCHMALENSEE
funnen insekt. (Exhibits in the Geol. Society in
Stockholm an insect discovered by v. SCHMALENSEE
in the Palaeophonus bed at Visby.)

Baraer, F. A.: The crinoidea of Gotland. Part I.
The crinoidea inadunata.

1893, 1894. Rauvrr, H.: Palaeospongiologie.

1895.

1895.

1896.

1897.

1897.

1899.

1900.

1901.

1901.

1901.

LixpstroM, G.: On remains of a Cyathaspis from
the Silurian strata of Gotland.

WesrerBerG, A.: En dolomitisk 6fversilurisk kalksten
pa Gotland. (A dolomitic Upper Silurian Limestone
from the island of Gotland.)

LinpstrOM, G.: Beschreibung einiger obersilurischen
Korallen aus der Insel Gotland.

StoLLey, E.: Die silurische Algenfacies und ihre
Verbreitung im skandinavisch-baltischen Silurgebiet.
Winan, C.: Ueber silurische Korallenriffe in Gotland.
LinpstroM, G.: Remarks on the Heliolithidae.
StoLrLey, E.: Geologische Mittheilungen von der Insel
Sylt. II.

‘Wiman, C.:  Ueber die Borkholmer Schicht im Mittel-
baltischen Silurgebiet. Bull. Geol. Inst. Upsala. Vol. 5.
HoLm, G.: Uttalande om Gotlands lagerféljd, i » Upp-
lysningar till geol. 6fversiktskarta 6fver Sveriges berg-
grund, upprittad och utgifven af Sver. Geol. Unders.»
(A statement about the succession of strata in Got-
land, in Explanatory remarks to accompany the geo-
logical general map of the pre-quaternary systems of
Sweden.)

CnapvaN, F.: On some fossils of Wenlock age from
Mulde, near Klinteberg, Gotland.
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1902. Munrue, H.: Stratigrafiska studier 6fver Gotlands silur-
lager. (Stratigraphic studies on the Silurian deposits
of Gotland.) |

1904. Hepstrom, H.: Detaljprofil frin Skorpionfyndorten
— Pterygotus-lagret — i siluren strax soder om Visby.
(Detail section from the Scorpion locality — the Ptery-
gotus bed — in the Silurian immediately S. of Visby.)

1905, 1906, 1908. HennNig, A.: Gotlands Silur-Bryozoer
1—3. (The Silurian Bryozoa of Gotland.)

1907. Muxree, H: Om stratigrafien inom Syd-Gotlands
silur. — Foredrag 1 Geol. Féren. 1 Stockholm jemte ytt-
randen med anledning diraf. (On the Stratigraphy
of the Silurian of South Gotland.— Lecture and Remarks
bearing upon this delivered before the Geol. Society
in Stockholm.)

1908. Kuizr, J.: Das Obersilur im Kristianiagebiete. Vid.-
Selsk. Skr. Math. Naturv. KI. 1906. Christiania.

1908. Rornrrerz, A.: Ueber Algen und Hydrozoen im Silur
von Gotland und Oesel. Kgl. sv. Vet.-Ak. Handl
N. 8., Vol. 43, N:o 5.

1910. Horpen, E. C. N. van: De Bouw van het Silur van Got-
land. (The Structure of the Silurian System of Gotland.)

(See also the first note on page 16).

The Island of Gotland, situated between the islands of
Oland and Osel, although somewhat nearer to the former,
has (if we take away Farén and that part of the main
island immediately bordering it, as well as the part lying S.
of the ness at Fide) as nearly as possible the configuration
of a rhombus whose longer diagonal, running NNE.—SSW.
between Hall in the N. and Nisudden in the S., is about
doubly as long as the other diagonal, running from Oster-
garn to the neighbourhood of Vestergarn. The rock ground
consists exclusively of Silurian (Gotlandian). The strata consist-
ing of marl-shales and limestones, rather seldom of sandstone
and clay, are generally easily accessible, not only in the shore
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cliffs which are sometimes rising sheer, but also in the in-
terior of the island, especially in the barren lands (»alfvar») that
are at many places here of vast extent. Already in early days
the abundant fossils, as well as the deposits peculiar also
in other respects, attracted the attention of investigators. Fos-
sils from this part of the world were already described by
Bromenn (1726) and by Linng.

The first person to pay attention to the stratigraphical
conditions was very likely Hisixgrr, who, in 1798 distin-
guished two strata on the island of Gotland, viz. the lime-
stone and the sandstone, of which the latter, visible only at
the southern promontory, lies below the limestone. According
to his annexed map the sandstone should be visible along
the coast, not only on the western, but also upon the eastern
side of the southern promontory.

In 1818 WAHLENBERG, too, who includes the Gotland strata
into the »Transition Formation», believed that the sandstone
torms the basis of the great limestone bed. HisiNcEr in 1826
distinguished a lower division, the Encrinite limestone, forming
the bulk of the island, and an upper division built up of oolite,
marly limestone and sandstone. It is said of the Encrinite lime-
stone that it belongs to the youngest part of the »Transition For-
mation», or possibly to the Mountain limestone, whereas the
upper division is considered as possibly belonging to the
Jurassic. HisiNgeEr sticks to this opinion not only in 1828,
when the paper from the year 1826 was reprinted in a very
slightly altered form, but also in 1837 in lLethaea Suecica,
where he (page 118) mentions the sandstone and the oolite
in the same group as the Hor sandstone and the rocks of the
Hoganids formation, but the limestone under the heading
»formationes transitionis.»

After his visit in 1845, MurcHisoN (1847) fixed the
age of all the Gotland strata to Upper Silurian. According
to him the strata on the whole dip towards the SE., so
that we have the oldest strata in the NW. in the Visby
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district or Northern Gotland, and the youngest in Southern
Gotland. He divides the strata in the following manner.

k = coral limestone, ccvered by crinoid lime-
(Hoburgen) stoue (&%)

. . U
Southern )j = oolite " Ll}l)(ll)f;\v
Gotland |+ = sandstone (and concretionary limestone, 2¥)
(Klinteberg \
= 1i Aymestr
and Djupvik) h = limestone A y
Central hal { Lower
Gotland g = shale Ludlow
(Visby) Jf = crinoid limestone (besides an upper grey
Wenlock
Northern ’ limestone with concretions f*) i e :C
Gotland l e — shale LSCEone

As MurcHisoN believed himself able to determine a couple
of fossils found in Southern Gotland as the Devonian species
Leptaena Fischeri and Calceola sandalina, he considered that
we had even here a transition to the Devonian. Frrn. RoEMER
and HELMERSEN were of an opposite opinion to MURCHISON.
The former expresses namely in 1856 as his opinion, in sup-
port of which he also refers to a verbal expression of opinion
by AncrLIN, that the strata appearing in Southern Gotland
are older than those in Northern Gotland. The different strata
are, says he, certainly not identical, but together they yet
form a uniform deposit of the same age as that of Wen-
lock in England. LiNpsTrOM, too, in 1858 attempted to make
us believe that the sandstone did not, as had been assumed
by Murcaison, overlie the northernmost limestone; according
to LinpstroM the sandstone N. of Hummelbos-Ness (on the
east coast) would in the horizontal plane merge into a marl-
shale, which somewhat further in the N. dips down under the
northern limestone which in Burs appears in a steep wall.
Sandstone and marl-shale would thus be facies of contempora-
neous deposits, older than the limestone, both in the N. and
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S., an opinion which, further developed, forms the clue to the
schemes subsequently drawn up by Linpstrom for the Silurian
of Gotland.

Fr. Scamipr, in 1859, gives a detailed account of Got-
land’s stratigraphy. Adopting MurcHISON's view, except in
so far as there can be no mention of any transition to the
Devonian, as the fossils, upon which Murchison had based his
opinion, had not been correctly determined by the latter, he
divides the Gotland Silurian up into 3 divisions: The north-
western or Visby zone, the middle zone and the south-eastern or
Ludlow zone, of which the last is the youngest. The middle
zone is divided up into a lower one with Pentamerus estonus,
and an upper one with Pentamerus conchidium. On an accom-
panying map the limits of the different divisions are given.

In 1860 LinpstroM describes the fossil brachiopods of
Gotland, and at the same time he gives a stratigraphical survey,
in which he on the whole adopts MurcHisox’s and ScHMIDT s
view, deviating from the latter in so far as he does not
divide Middle Gotland into an Estonus and a Conchidium
zone, and as he collocates the boundaries between the 3 main di-
visions or groups somewhat differently, reducing especially the
Visby group so as to embrace almost only the strip of coast
between Gmnisvird and Hallshuk. In- all the different divisions,
3 to 4 zones are distinguished, which, however, do not receive
special denominations. When stating the vertical distri-
bution of the fossils, reference is made to all these zones.

In 1882 Linpstrom holds forth that great dislocations
occur in the Gotland strata concerning which we can therefore
not talk of a general dip in any certain direction, and further-
more he points out, by a comparison between the faunas at
Lerberget on St. Karlsén, Djupvik, Petesvik and Westergarn,
thus at four spots situated fairlv close together on the west
coast, that the agreement is greatest in the case of the two
localities that are farthest apart, viz. Lerberget and Wester-
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garn. According to LinpsTrROM the dissimilarities between the
faunas of the near lying localities seem most likely to be
due to the difference of the former sea-bottom or to the limi-
ted areas of distribution of the species: it was impossible for
him to prove any superstratification which might indicate
differences with respect to the age of the various formations.

As the result, to a certain extent, of just the observa-
tions published in 1858 and 1882 we can certainly number
the scheme which LiNpstroM gave us in 7884, in the intro-
duction to his work on Gotland’s gastropoda and pteropoda, an
introduction in which all the deposits are divided into 3 strata, viz.

3) The topmost limestone covering all the other strata (c).

2) Slaty limestone, interstratified in the North by shales,
in the South by oolite (b).

1) The oldest shale and the sandstone (a).

A red marl containing, amongst other fossils, Phacops
elliptifrons and Arachnophyllum typus, is also mentioned in
the same work. The marl is found in boulders, cast up on
the shore N. of Visby, and may be supposed as forming the
basis for the strata visible along the N'W. coast. — The
lowest part of zone «a is parallelized with the Upper Llandovery.

LiNpsTROM, in 7885, in his »Férteckning pa Gotlands
siluriska Crustacéer», again gives a new scheme.

4) The uppermost limestone, Encrinite limestone etc.

= Ludlow.

3) The lower limestone with marl-bands, merging into

oolite in the S. = Wenlock limestone.

2) The upper marl-shale, merging into sandstone in the

S. = Wenlock shales.
1) The lowest marl-shale at Visby = Upper Llandovery.

Finally, in 7888, LiNpsTrOM gave a very detailed scheme.
h. Cephalopod and Stromatopora beds = Upper Ludlow.
Megalomus banks = Guelph limestone (Canada).
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I

Crinoid and Coral limestone Aymestry or Ludlow.

Base of Ludlow.

SN

Pterygotus beds

d. Limestone with marlbands or
Oolite

«.  Marl-shales or Sandstone

Wenlock Limestone.
Wenlock Shale.
Upper Llandovery.

b.  Stricklandinia marl
@. Oldest red Arachnophyllum marl-
shale = Llandovery

The red shale mentioned already in 1884 is here thus
(quoted as the base of the Gotlandian of Gotland. The two
species previously mentioned therefrom are now named Pha-
cops quadrilineata ANG. and Arachnophyllum diffluens E. H.
besides which some new ones are given, such as Syringo-
pPhyllum organum L. and Goniophyllum pyramidale var. Fur-
thermore, it is noted that in zone ¢ of this scheme se-
veral different faunas or faunistic areas are to be distinguished,
viz. ¢' the Visby fauna, ¢* the Vestergarn fauna, ¢® the
Central area (Frojel, Eksta; Follingbo, Bara, Atlingbo; Slite—
Farésund), ¢* the Petesvik—Habblingbo fauna, ¢’ the Sand-
stone fauna in Southern Gotland. — The Cephalopod and
Stromatopora beds stretch over the whole of Gotland like
a cover wherever limestone appears at all; Hoburgen forms
an exception, as a red Crinoid limestone with Crotalocrinus
is lying uppermost there, possibly on account of an inver-
sion of the strata. As the Stricklandinia marl is really only
visible at the beach or in the steep cliffs, zone ¢ is of course
the oldest wvisible in the accompanying map. This latter
distinguishes in zone ¢ between the marl-shale and the sand-
stone; even in zone d a distinction is made between limestone
with marl-bands and oolite; all the zones f to %, on the other
hand, have a common designation. It becomes at once quite
apparent that the uppermost zones, right from the northern
point of the island, form a continuous area right down to
the Carl Islands, where it is abruptly cut off along a line

4
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running in a direction from E. to W.; S. of this line
only solitary shelves are met with right until the limestone
again covers the whole island south of a line drawn over Vam-
lingbo from E. to W., with the exception of a narrow strip
on the west coast. From Gothemshammar, however, a gap
cuts in towards the SW. and in this gap the upper marl-
shale is exposed. It strikes one as peculiar to see the oolite
on the map surrounding the sandstone which is clearly seen
to form a belt running from NNE. to SSW.

By reason of LiNpDsTROM’s account here referred to, Scumipr
in 1890 again entered the arena with regard to the question
relating to the sequence of strata in Gotland. Using as his
starting point the supposition that in all probability the
sequence of strata in Gotland is similar to that in Osel,
where corresponding deposits had been closely investi-
gated by him, Scumipr explains that the last table set up
by ILixpstroM does not strike him as feasible, and that the
map issued in 1888 gives one more the impression of having
been founded mostly upon a petrographic basis. LiNnsTrOM had,
says Scumipr, as the result of his own researches into the
relation between the faunas on Great Carl Island (St. Karlso,
» Lerberget») and the neighbouring localities on the west coast
given proof of identical faunas being found at places situated
on the same line running from SW. to NE., whilst on the
other hand, if one proceeds towards the SE., a gradually
progressive change in the fauna can be proved, wherefore,
even if an immediate superimposing cannot be directly obser-
ved, such must yet exist. With regard to the Megalomus
banks which are met with partly in Northern Gotland (at
Lansa in Firon, at Storveda, Heinum and Lirbro), partly
in the northern zone of Southern Gotland (at Ostergarn, between
Etelhem and Butle and at Kriiklingbo), ScaMipr thinks it
probable that the Megalomus-species of the separate areasare
not quite identical, but are possibly different varieties; neither
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are the accompanying faunas the same. Furthermore, it is to
be noted that ScumiprT by no means sticks to his older division
in all its details. The subzone of Pentamerus estonus is
rejected, the subzone of P. conchidium is referred to South-
ern Gotland. LiNpstrROM’s zone a is characterized as incomple-
telv known, and not as yet precisely parallelized.

In the same year Dames, after having travelled through
Gotland under LinpsTrROM’s guidance, contributed towards the
opinion advanced by LiNpsrroM. In some points, however,
he holds an opinion of his own and slightly deviating.
LiNpsTrOM’s zones [ to h are amalgamated in so far as the
Crinoid limestone, the Stromatopora banks and Megalomus banks
are looked upon as a separate zone, whilst the cephalopod-bearing
limestones are divided up into two zones, one of which coin-
cides with the Stromatopora beds (as LiNpDSTROM meant it), but
the other one overlies all the other zones, and thus forms
the youngest part of Gotland’s Silurian. As a locality for
these upper Cephalopod beds, in which the genus Ascoceras
is entirely absent, Storveda, to the E. of Visby, is cited. No
inversion of the strata in Hoburgen exists; all the layers there
really also belong, according to DamEes’ classitication, to the
same zone in whose different parts the faunistic facies is very
varying. In other respects Dames agrees absolutelv with
LINDpSTROM.

Because of DamEs’ contribution Scumipr finally, in the
vear 1891, makes some remarks on the Baltic Silurian, in
which he still sticks to his opinion that Gotland and Osel,
which are both homologically situated parts of the deposits
in the Baltic Silurian basin, must have a similar structure; in
Gotland we therefore proceed from the NW. edge, where the
older formations are visible, towards the SE. to younger and
younger deposits. Of LiNpsrrom’s zones three, b, ¢ and d, are
visible in the cliffs at Visby; zone e is only of local importance,
but zone f is also met with (right on top) in the clitt, where it
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is represented by a Crinoid and Coral limestone, which is,
however, difficult of palaeontological determination; farther in
the interior of the island the Megalomus, Cephalopod and Stroma-
topora banks, which can be followed toward the NE. right up to
Slite and Far6 and which arein close connection with the » Central
marl-area», are met with; this latter area can in its turn be fol-
lowed from Follingbo to Slite and Faré. All this northern district
is characterized by the occurrence of Leperditia baltica (pecti-
nata). Of about the same age is the Pentamerus limestone
with P. oblongus, immediately to the SE. This northern di-
vision is Wenlock or Scammprs Osel, zone I.

The southern division, synchronous with England’s Wen-
lock, or Scmmipr’s zone K, has a sharply marked northern
border in the strata characterized by Pentamerus conchidium,
which, from the upper part of L. Carlsén (lLiittle Charles Is-
land) via Klinteberg, Heide, Vite, Wicklou and Ganthem,
can probably be traced right to the mouth of the Gothem
River. Here are also included the marl-fauna of Petesvik—Habb-
lingbo (which continues as far as Ostergarn) as well as the
southern Stromatopora and Cephalopod strata from Sandarfve
and Linde away to Torsborgen and Ostergarn. Farthest in
the SE. we have the oolite with sandstone below and Ho-
burgen limestone on top, all showing a SW. to NE. distribution.

Baruer (1893, 1. c., page 16) entirely followed LiNpsTrROM,
remarking, however, that his own top zone (%) more closely
agreed with Dames’ top zone (g). In order to avoid confusion,
however, he retains LINDSTROM’S zone g (the Megalomus bank).

StoLLEY in 1897 unconditionally agrees with the above
mentioned view relating to the succession of layers expressed by
LinpsTrROM-DaMES, chiefly on account of the »Girvanella» lime-
stone and oolite being met with together, both at Visby and
in Southern Gotland, and since a recrudescence of a Girvanella
facies in a stratum of a younger age appears to him impro-
bable. At the same time he advances (note 1, page 124)
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the opinion that the red Arachnophyllum marl, which LiNp-
strOM called the lowest zone (a) of the Silurian of Gotland,
is in reality nothing else but the upper part of the Leptaena
limestone, which in this area, where the limestone facies rule,
is also to be expected below the Stricklandinia marl. The fauna
seems also to be conformable. It is more especially for this
reason that Linpsrrom’s zone a has been excluded from our
table of Gotland.

SroLLey proved in 1900 that Astylospongia (praemorsa
Gouor.), Hindea, Aulocopium and several other sponges, which
according to LiNpstroM, should have their habitat in his zones
b and ¢, are undoubtedly there only found as boulders, which
originate from deposits of the age of the Jewe or Lyck-
holm beds.

[n his description of the Borkholm beds in the Middle
Baltic Silurian area, Wiman in 1901 confirms SToLLEY’s suppo-
sition; in some flints which, according to WimaN’s research,
belong to the Borkholmm beds and which had been collected
on the NW.-coast of Gotland, all the spongiae referred to
have been found. According to Wiman, 1. c., page 162, these
beds form the direct downward continuation of the Silurian
of Gotland.

Through the surveving of the Swedish Geological Survey,
whicli commenced in the map-sheet Hamra (the southern-
most part of Gotland), the untenableness of IuNDsTROM’S
views became apparent. Zones running SW. to NE. could
namely be clearly distinguished here. In company with Prof.
Horm, LinNDSTROM also afterwards started upon a journey of
revision, the principal result of which very likely is the state-
ment made by HorLm (1901, pp. 37, 38), that only two great
divisions could be distinguished in Gotland. The lower one
consists of marl-shales with concretions and layers of lime-
stone, as well as (quite on top) sandstone (Burgsvik sandstone)
and oolite. The entire deposit dips towards the SSE.) so
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that the sandstone and oolite are only found in the southern
part of the island. The upper division which almost exclusi-
vely consists of limestone, to a great extent old coral-reefs’,
lies on the whole horizontal and rests, with some slight un-
conformity, upon the lower section. At the boundary between
the two sections conglomerates are not rare. The discordance,
together with the discovery of a scorpion in a bed near the
unconformity, indicate dry land during the middle part of
the Upper Silurian period.

In 1902 Mountne holds forth that the main cause of
the difficulty in clearing up the stratigraphy in Gotland’s
Silurian might be due to the conspicuously heterogenous
character of the strata, both with regard to the petrographical
nature and the fauna, which makes it difficult or impossible
to follow the »type bed» over any greatareas without thorough
detail researches. On account of his investigations, chiefly in
the neighbourhood of Lau, MuNTHE sets up a general table,
whose zones he considers parallelizable without any difficulty
with the strata ¢ to f in LinpsrroMm’s scheme, in so far as
this district is considered; whether such is feasible also
for strata ¢ to f which Linpstrom gives for other parts of Got-
land would at present be impossible to decide. Munrar further-
more states that, besides several more or less marked folds with
a north-eastern axis, faults in the same direction also very likely
play an important part. Such a one borders the NW.-coast
of the island; the most conspicuous dislocation of this kind
in Gotland itself is found a little to the NW. of Lau; this
is marked partly by depressions in the rockground, partly by
cliffs whose direction indicates that even faults with a di-
rection from N. to S. occur here. Another such fault- or fold-
zone has its SE.-border in the line Klinteberg to Gothem, its
NE.-border in a line drawn from Stenkumla to Bil (Hejnum).

! Compare WiMAN 1897 and Dames, which latter in 1890 also designates
the Stromatoporae as reef builders.
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In 1907 MunTHE set up the sequence of strata for Got-
land which in our scheme, page 16, has been given as zones 9
to 3, of which zone 3 rests upon the »marl-shales with lime-
stone bands», which he cites as equivalent to LiNpsTrROM'S
stratum c¢. MuNtar himself says that his scheme differs
from LiNxpstrOM’s in as far as the Sphaerocodium marl has by
LiNpsTrOM been amalgamated with deposits younger than the
sandstone, and from ScumipT’s in the Rhizophyllum-bearing
limestone of the Lau Hills (Sphaerocodium limestone), which by
ScaminpT is parallelized with the Petesvik marl, now being
placed considerably higher up (above the oolite). Whether
SToLLEY's parallelization of oolite and »Girvanella»-bearing rocks
from Southern Gotland with such from the Visby district is
justified, is considered a question that has not yet been sett-
led. To judge from the conditions prevalent in England it
might be challenged if we were to consider the zone of P.
conchidium at Klinteberg as older than the zone of Dayia navicula.

1908 (L c., p. 560) Kixr states, that LixpsTROM'S Zone ¢
includes several different zones, on account of which ScaMIDT
is undoubtedly right with regard to this question.

vaN Hoepen, who as late as 1910 minutely treated the
stratigraphy of Gotland’s Silurian, declares himself as on the
whole sharing MuNThE's view as regards Southern Gotland,
even if he does not entirely agree with him in every parti-
cular. According to vaNn HorpEN we can in Gotland distin-
guish the following divisions, reckoned from the younger to
the older:

¢ Southern Gotland

¢ Hemse Marl

0 Klinte Limestone

7y Klinte Marl

p Highest Visby Group

o Lowest » »
which are all again subdivided into several zones, succeeding
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each other from the oldest in the NW. to the youngest in
the SE. and mostly bearing local names. The only excep-
tions to the last mentioned rule are that the lowest zone of a is
called »Stricklandinia marl> and the lowest zone of y » Baltica marl»
(after Leperditia baltica His.); besides which the middle zone of
¢ receives the name »Lauensis marl> (from Beyrichia Lauensis
Kigs.)and the highest zone of the same division is called » Phacites
limestone». Lauensis marl corresponds about to MunTnr’s Sphae-
rocodium marl, which is, however, considered only more locally
to be quite characteristic, especially as Sphaerocodium marls
occur also at other places in the sequence of strata. The Phacites
limestone corresponds to the oolite, Spaerocodium limestone and
Ostracod limestone, all together, in MunTHE'S scheme. The disloca-
tions running from NE. to SW., marked by steep cliffs and men-
tioned by MunrtHE (and NarHORST), are, according to vaN Horrkn,
only outcrops of strata; these cliffs have been formed through
the denudation of the underlying marl when the sea was
higher and the undermined limestone strata thereupon col-
lapsing. — As regards the distribution of the various divi-
sions we can say that the limits given on the map agree
to a certain extent with those given by Scumipt for his zones.
If we except the section a, which already Linpsrrom distinguished
as Stricklandinia marl, and of whose extent no difference
of opinion ever existed, it will be seen that the division
B (the highest Visby group) pretty well coincides with
Scamipt’s Northern Gotland, except that in the northern part
it extends somewhat further E., so as to reach Stenstuguviken
and Farosund — and further, that the southern border of the
division j very closely agrees with the southern limit of ScumInT’s
zone of Pentamerus estonus, apart from the fact that not
only Faron, but also some parts situated between Slite and
Farosund are by vax Horpen included in his higher divi-
sion 4. The southern border of the division ¢ (the Klinte
limestone) coincides certainly in the extreme NE. with the
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one of Scumipr's zone of Pentamerus conchidium, but In
its continuation towards the SW. it assumes a more northerly
direction, to the N. of Etelhem and Lojsta, from which last
mentioned place the boundary runs first W. right away to
Rovide, and then to the innermost part of Lingslite bay, thus
reducing the division here to quite a small strip. The southern
part of Gotland is finally divided up into two divisions,
e and ¢ (the Hemse marl and the Southern Gotland), of which
the last mentioned forms partly the very southernmost part
(reaching on the KEast-coast up to and embracing Faludden),
partly the heights at Bommunds (and further to the NE.)
as well as from Linde up towards Ostergarn.

It is, moreover, worth noting that va~x HogpeN states a
decided increase of the calcareous matter towards the E. For the
division ¢ (Hemse marl) an eastern and a western facies is
also distinguished.

Although there can be no question of giving here a list
of the fauna, it might yet be mentioned as an instance of
its abundance that LinpsrrOM already in 1885 was able to
cite. 960 species from 20 orders (or classes), but that he esti-
mated the number at close upon 1,500. Amongst the classes
that had until that time been the subject of close study,
castropods, crinoidea and brachiopods show the greatest num-
ber of species, or about half of the whole fossil fauna.

C III. The Gotlandian of Jamtland.
(Cfr p. 17).

The following works are to be mentioned as more di-
rectly touching upon Jimtland’s (iotlandian.

1872. Tornesony, A. E.: En geognostisk profil 6fver den
skandinaviska fjéillryggen mellan Ostersund och Le-
vanger. (A geognostical Section of the Scandinavian
Mountain Ridges between Ostersund and levanger.)
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1872. ILinNarssoN, G.: Anteckningar om den kambrisk-silu-
ska lagerserien i Jemtland. (Notes on the Cambro-
Silurian series of strata in Jéimtland.)

1872,  LinpstroMm, G.: Forteckning pa siluriska koraller fran
Jemtland, samlade aft D:r G. Linvarsson. (List of
Silurian Corals from Jidmtland collected by D:r G.
LINNARSSON.)

1894. Wiman, C.: Ueber die Silurformation in Jemtland.

1894. HoesoMm, A. G.: Geologisk beskrifning ofver Jemt-
lands lin. (Geological description of Jéimtland’s Liin.)

1897. Wiman, C.: Kambrisch-silurische Faciesbildungen in

Jemtland.

C III: 3. The Rastrites beds.

At Berge and Lejtorp in Offerdal, as well as at Vongen
and Sjobole in Alsen, thus to the NW. of the Lakes Alsen
and Nilden (NW. of Lake Storsjon) there are black shales with
a grey streak, at one placein Lejtorp coarse and micaceous, in
which graptolites characterizing the upper part of the Rastrites
beds (Klubbudd shales in Ostergotland) have been found.
Some of the species indicate, however, a somewhat later, some
an earlier age. The species found here are according to Wiman,
who was the first to determine the age of the shales:

Cyrtograptus sp. Monograptus lobifer M’Coy
Diplograptus palmeus Barr. priodon BRONN
Monograptus discus TorNQU. tortilis LiNRs.
Flemingi SALTER > turriculatus BArg.
Jaculum Liapw. Retiolites sp.
Linnarsson: TuLLB.

WimaN, who justly draws attention to the peculiar
mixture of species (to give an example we have here Monogr.
lobifer together with M. Flemingi) which seems to exist here,
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states, however, that, as far as he had been able to discover,
they belong to one and the same geological horizon. The
relation of the shales to the Pentamerus limestone is not spe-
cially known, because, as previously (p. 17) mentioned, no bound-
ary layers could be observed between the shales and the Pen-
tamerus limestone.

C III: 2. The Pentamerus Limestone.

These strata were by TorNEBOHM, on account of the remains
of Crinoidea that quite commonly occur therein, originally called
Crinoid limestone, but received from Linnarssox, after Penta-
merus oblongus Sow. which was also found in it, the name
used above. The deposit has its nearest parallel in the Pen-
tamerus belt of Norway (Etage 5 Kirrurr, Etage 60 »Skifer
og kalkboller med Stricklandinia lens» according to BJORLYKKE).
Its distribution is very wide in the country to the WNVW. and
NW. of Lake Storsjon. According to Hoasom all the limestone
occurrences in the western part of Jimtland’s Silurian area
are to be numbered with the Pentamerus limestone. Wiman
gives the following localities: Ullan in the parish of Are, Solfs-
ved in Kall, Rista Falls in Undersiker, Alsen and Offerdal.
According to Hocesom the Pentamerus limestone is also met
with between Morsil and Undersiker, at Skérvangen (NW. of
Follinge), in Ror and Sikas on Lake Kallsjon, and at Nord-
hallen to the W. of Mullfjillet Mountain. A limestone occur-
ring far up in the N., at Roérvattnet, W. of Hotagen, near
the Norwegian frontier is supposed also to belong here.

On a fresh fracture the Pentamerus limestone is almost
black, after weathering blue-grey. It is a ratherimpure limestone,
divided into more or less distinct banks of greatly varying
thickness. The frequently somewhat dolomitic limestone
(HoeBom quotes two analyses, showing a percentage of 10.25
and 3.87 MgCO, respectively) has often, especially in the
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vicinity of the underlying quartzite, into which it seems to
merge, a peculiar structure, in as much as more impure
(clavey) lamellae divide the limestone into small, irregular
lenticular parts (a structure which is also very common to
the Orthoceras limestone of Jimtland). When weathered this
rock assumes a cellular appearance. Through the pressure it be-
comes not infrequently slaty or stretched (as for example at Berge,
Rista Falls, Ullan and Sikés). Fossils occur in most cases sparely
and sporadically in this rock, but at some places it may be
charged with Pentamerus oblongus Sow. or with corals, which
sometimes seem to have accumulated into quite a reef. Wiman
mentions from here nearly 40 different species, of which, how-
ever, only the following, most of them already quoted by
Linvarsson and LaxpstrOM, are determined with reference to
their species:

Encrinurus punctatus WanLeNs. Favosites gotlandicus L.

Proetus concinnus DaLm. Hisingeri E. H.
Dumastus barriensis MUurcH. » Lonsdalei 1v’'ORrB.
Orthoceras cochleatum SCHLOTH. maximus (QUENST.
Strophomena euglypha Daivm.  Halysites catenularius L.
Lovéni VERrn. » escharoides Liam.
» rhomboidalis WILCKENs  Cyathophyllum favosum LINDSTR.
Favosites Forbesi E. H. Oystiphyllum cylindricum LoNsD.

According to HogBom it is possible that the black shales,
which at some places appear in connection with the Penta-
merus limestone, at others again are absent, are partly repla-
ced by the limestone; to judge from certain statements of
Winan's it seems on the other hand as if the shales might
entirely represent the limestone in the central part of the
field which is surrounded bv the Pentamerus limestone.
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C IIL 1. Quartzite bearing Phacops elliptifrons Esu.

In a great part of the area in which the Pentamerus
limestone occurs we find, between the latter and the under-
lying Brachiopod shale, and thus forming the base of the
Gotlandian, a Quartzite of very varying colour and thickness,
amongst whose particularly scanty fossils the above mentioned
trilobite has also been met with, from which the zone, which
is also known in Norway, has received its name. Amongst
other fossils from this zone are to be mentioned Cyphaspis
sp., Lichas sp., some cephalopods and gastropods, brachiopods
(amongst which Strophomena pecten 1..), Ptilodictya sp., Favo-
sites Forbesi E. H. and Halysites catenularius 1. The quart-
zite which is sometimes blue-grey, like the blue-quartz, some-
times grey or pure white, has a glassy or clearly grained
fracture and is often traversed by veins of white (uartz.
Sometimes the rock, which may be alternating with the Bra-
chiopod shale, as well as with the Pentamerus limestone, is less
compact and developed as a real lime-sandstone. The thickness,
which frequently changes very rapidly, may reach 10 m., but
is often hardly more than half a meter. Similarly to the
above mentioned Pentamerus limestone it may often even thin
out so that one can find now one, now the other of them,
developed alone and interstratified between younger and older
shales. Not seldom the quartzite has, through inversion, its
position above the Pentamerus limestone, as for example at

Berge, Nordbyn, Rista Falls and Sikés.

C IV. The Gotlandian of Dalarne.
(Cfr p. 17).

As a detailed account of the principal literature relating
to the Upper graptolite shales of Dalarne has already been
given on p. 33—35 under the heading »C I:2 and C I:1,» we
can confine ourselves here to the following list of works, which



62

JOH. CHR. MOBERG. THE SILURIAN OF SWEDEN.

more especially touch upon the youngest Silurian strata of

Dalarne:

1819.

1831.
1847.

1847.

1867.

1867.

1871.

1872.

1874.

1875.

Hisixeer, W.: Anteckningar 1 Physik och Geognosie
under resor uti Sverige och Norrige. H. 1. (Notes
on Physics and Geognosy during journeys in Sweden
and Norway.)

Hisivger, W.: Ibidem. H. 5.

Murcaison, R. I.: On the Silurian and Associated
Rocks in Dalecarlia etc.

VerneuiL, E. pE: Postseript to the Memoir on the
Silurian Rocks of parts of Sweden by MurcHISON.
TorkLL, O.: Bidrag till Sparagmitetagens geognosi
och palaeontologi. (Contributions to the Geognosy and
Palaeontology of the Sparagmite beds.)

Tornquist, S. L.: Om lagerféljden i Dalarnes under-
siluriska bildningar. (On the succession of strata in
the Lower Silurian of Dalarne.)

Tornquist, S. L.: Geologiska iakttagelser o6fver den
kambriska och siluriska lagféljden i Siljanstrakten.
(Geological observations on the Cambrian and Silurian
succession of strata in the Siljan district.)
Linnarsson, G.: Jemforelse mellan de Siluriska aflag-
ringarna 1 Dalarne och Vestergétland. (A comparison
between the Silurian deposits in Dalarne and Véster-
gotland.)

Storpe, M.: Om Siljanstraktens sandstenar. 1. (On
the Sandstones of the Siljan district. 1.)

Torxquist, S. L.: Om Siljanstraktens paleozoiska for-
mationsled. (On the Palaeozoic deposits in the Siljan
district.)

Tornquist, S. L.: Berittelse om en geologisk resa ge-
nom Skines och Ostergétlands paleozoiska trakter, som-
maren 1875. (Account of a geological journey through
the palaeozoic districts, of Skine and Ostergétland, in
the summer of 1875.)
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1883. Terxquist, S. L.: Ofversigt ofver bergbygnaden inom
Siljansomradet 1 Dalarne. (A Review of the Tectonic
in the Siljan district in Dalarne.)

1884. Srorrr, M.: Om NSiljanstraktens sandstenar. 2. (On
the Sandstones of the Siljan district. 2.)

1885. Narnorst, A. G.: Nigra ord om slipsandstenen i Da-
larne. (A few words on the Grind-sandstone in Da-
larne.)

1886G. Tornquisr, S. L.: Naigra iakttagelser frin sommaren
1585 ofver omtvistade delar af lagféljden inom Da-
larnes siluromrade. (A few observations from the
summer of 1885 about disputed parts of the Suc-
cession of strata in the Silurian area of Dalarne.)

1892. ScuMALENSEE, (.C.vox: Om lagerfoljden inom Dalarnes
siluromraden. (On the succession of strata in the
Silurian areas of Dalarne.)

1910. Warsure, Ersa: Geological description of Nittsjo and
its environs in Dalarne.

C IV:4 The Grind-sandstone.

The grind-sandstone is a loose, felspathic sandstone, de-
void of fossils, of a white, grey or red colour, in the latter
case with or without light spots. In some beds it is con-
glomeratic or brecciated, here and there with small, flattened
portions of red or green clay and shale embedded. The sand-
stone, which is widely spread, partly in the country be-
tween Orsa Lake and Skattungen, partly round Ore Lake and
thence southward past Boda, and which is also found in Solleron
Island, is first mentioned by HisixgEr, who at first (1519)
seems to be somewhat doubtful as to its age, as he partly
says that the limestone in Sollerén Island rests upon the
sandstone, partly again states that the sandstone at Guller-
dsen and Osmundsberget is distinctly surrounded by lime-
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stone and subordinate to this. = When MurcHisoN placed
the sandstone in question at the base of the Silurian, pbr
VErNEvIL, his companion during his journey in Dalarne, pro-
tested against this, because in VERNEUIL’s opinion the sandstone
was the youngest layer of the Silurian of Dalarne, but this opinion
seems to have passed unnoticed. At least those who expressed
themselves on the question, e. g. ToreLL (1867), unhesitatingly
agree with MurcHISON's view. SroLpe certainly (1872) ad-
mits »that several circumstances go to make it probable that
the sandstone might occur interstratified or close to the older
limestones in the Siljan District», but he gives a table in
which the grind-sandstone comes immediately above the
Upper graptolite shale. In 1884 Srorpe again voices his
opinion, and he especially states that voN ScHMALENSEE
had been able to prove in Orsa, between Aberga and Ore, a
grey, highly calcareous and somewhat arenaceous limestone,
dipping under the grind-sandstone. In this limestone Bumastus
DBarriensis MurcH., Encrinurus punctatus WanLENB., Phacops
quadrilineata Anc., Spivifera exrporrvecta WAHLENB., and a
Strophomena  closely resembling S. Walmstedti Linpstr. had
been found, thus fossils characteristic to Gotland. StoLPE
states also that the Obolus conglomerate rests directly upon
the Archaean which had supplied the material for the conglo-
mérate, wherefore no Cambrian sandstone could be under-
lying here.

After Narnorst in 1885, in pointing to the fact of the
sandstone’s present-day relative situation in several instances
obviously having been caused through dislocations of the strata,
expressed himself to the same effect as StoLpE, that the grind-
sandstone is younger than the Upper graptolite shales, which
— in view of the fact that the Leptaenalimestone, which yet for
a time was by the majority considered to be younger than the
sandstone, was afterwards proved to be older than the Upper
graptolite shale — means that the grind-sandstone is the youngest
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Silurian deposit of Dalarne. — As fossils are absent, we are, of
course, not absolutely certain whether the grind-sandstone may
not be younger than the Silurian; it has therefore also sometimes
been proposed that it might possibly be parallelized with the
Devonian sandstone in the Christiania district, something which
is stated by, for example, TorNeBonM in 1901 in »Upplys-
ningar till geologisk ofversiktskarta ofver Sveriges berggrund»
(Explanatory remarks to accompany the geological general-
map of the pre-quaternary systems of Sweden) and by Ersa
WarBURG in the scheme for the Silurian of Dalarna drawn

up by her.
C IV: 3. The Bumastus limestone and the Colonus shale.

The Gotlandian limestone with Bumastus Barriensis
MurcH. mentioned in the preceding page, and found in Orsa
by voN ScHMALENSKE, was in 1886 called Bumastus limestone
by Torxquist, who considered this limestone, not previously
known of from Dalarne, to represent a stratum of its own,
whose closer position in relation to the others could not as
yet be considered fully determined. Besides the limestone
there is found a grey shale deficient in fossils. As regards the
relative age of the three strata, TorxqQuisT says that one would,
to judge from the conditions at Nederberga, get about the
following order from the bottom upwards: grey shale defi-
cient of fossils, Bumastus limestone, grind-sandstone.

VvOoN ScHMALENSEE (1892) states that he had found Mono-
graptus colonus BAr®r. in the »highest part of the shale im-
mediately below the grind-sandstone, a little way below the
waterfall at Stygforsen». As previously mentioned, a similar
position is given for the Bumastus limestone. As it would
appear from this as if the Bumastus bed and the above
mentioned shale bearing M. colonus were really of the same
age, 1 have considered myself in a position to parallelize them,
as has been done in the table previously given on page 17.

o
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C IV:2 and C IV:1. The Retiolites beds and the
Rastrites beds.

I have already accounted for the division into zones
and the distribution of these shales, namely in connection with
the description of the synchronous deposits of Skine. A few
words with regard to the historical development of the table
might, however, be appropiate here.

In 1867 Tornquisr divided the Silurian deposits of Da-
larne (herein not included the sandstone placed under the
Cambrian by him) into 3 divisions, according to the following
table:

3. Upper limestone of Dalarne.
{b. Shale with marl-spheroids.
" la. Graptolite limestone (with Trinucleus shale).
fb. Cystidean limestone.
" la. Orthoceras limestone.

The graptolites in 2a and 2b are said to be of the same
species for the greater part'. Amongst them are quoted a
couple which, according to what we know now, belong to the
Rastrites beds.

TornqQuisT, in 1871, retained the same scheme, but al-
tered the name Graptolite limestone to »Cement limestone» (in-
cluding the Trinucleus shale) and gave to division 20 the name
»Spheroid-shale». Immediately afterwards, LiNNnarssoN subjected
TornquisT’s table to a revision, and found himself induced to
separate the Trinucleus shale, which had erroneously been con-
founded with it, from TorxqQuist’s division 2 embracing
the Cement limestone and the Spheroid shale, both of which
belong to the Upper graptolite shale. In 1874 Tornquisr

! That the graptolite-bearing strata have without further ado been included
in the Trinucleus shale is certainly due to ANGELIN’S including the greater part
~of the graptolite-bearing strata in his Regio Trinucleorum, speaking of which
he says »Graptolithi passim mirum sane abundants.
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divides the Upper graptolite shale of Dalarne, from the top
downwards, up intot he following strata: The Stygfors stratum
(Spheroid shale and Cement limestone) and the Kallholn stra-
tum (shale and limestone).

In 1875 he also distinguishes two strata, the younger of
which (the Stygfors stratum) now receives the name »Retiolites
shale», the older one (the Kallholn stratum) that of »Lobiferus
shale». In 1883 Tornquist finally adopts the name Rastrites
shale proposed by Linnaksson (1881), instead of the name
Lobiferus shale. We are herewith quite initiated into the no-
menclature employed by TorNquisr in his latest works on
the Upper graptolite shale of Dalarne, and which we have
already previously, pages 37 and 38, mentioned.

The Retiolites shale is developed partly as so called »Ce-
ment shale», yellowish-grey or reddish-grey, deposited in seams
of a couple of cm. thickness, and often separated by more or
less thick bands or lamellae of thin-leaved shale, partly as
»Spheroid shale», a soft, grey, slaty rock with hard limestone
spheroids embedded. The Rastrites shale is black and of
varying hardness.



Series B. The Ordovician.

As previously mentioned, the Ordovician is chiefly com-
posed of two different kinds of deposits, one of which con-
sists of limestones, generally with plenty of trilobites, the
other one of shales, commonly bearing graptolites; the depo-
sits are nowhere right through of one or the other kind, even
if at many places one of them is predominant. Furthermore,
it should be remembered that we have not so few depo-
sits which, besides a prevailing fauna of one kind, contain
scanty representatives of a fauna of the other, or, as it also
occasionally happens, subordinate layers in which the latter
is prevalent. The table we have previously given for the Or-
dovician (on page 19) has therefore been divided up into 3 co-
lamns, B I—III. The first one, B I, contains principally
deposits from shallow water, limestones (or more rarely shales)
with a predominant trilobite fauna; here has also been inclu-
ded the Obolus conglomerate. B III contains the series of
graptolite-bearing shales representing deposits from deeper
water. The only province where this latter series is represented
as completely as given in the table, is Skine, but even there
we have by no means an uninterrupted series; on the con-
trary, strata with trilobite facies are there intercalated pretty
well everywhere, and, in order not to give an absolutely mis-
leading table, the series of graptolite-bearing shales in column
B III has therefore been supplemented in column B II with
the trilobite-bearing strata, which are either lying between
the graptolite-bearing ones or containing them, so to say,
wedged in; some of the »zones» included in column B II
are in reality only founded upon trilobites only sporadically
appearing in the graptolite shales.
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Oland is to be looked upon as the westernmost outpost
of the Russian Baltic Silurian area that is exclusively cha-
racterized by shore- and shallow-sea-deposits; and in entire
agreement with this, Oland’s Ordovician is (apart from the
there rather sporadically appearing Dictyograptus shale) entirely
developed with a limestone facies. When talking about our
group B I we could also with advantage have started from
Oland, if the upper part of the series of strata had not been
missing there, at least as far as the solid rock is concerned.
As things are now, it might be more appropriate to choose the
Silurian of Vistergotland as a general pattern for the limestone
facies of the Ordovician, in order to subsequently more minu-
tely scan the changes and divergences that occur in correspon-
ding deposits elsewhere. For the present we shall not trouble
about a detailed account of the graptolite-bearing deposits
that occur even in Vistergotland, because these had better be

treated in connection with the account of the Ordovician of
Skane, B IITI and B II.

B I Trilobite (and Brachiopod) facies of the Ordovician.

(Compare the scheme on page 19.)

Literature.*

1828. Hisineer, W.: Geognostisk karta 6fver en del af Skara-
borgs lin. (Geognostic Map of a part of Skaraborg’s Lién.)
Table I in the 4:th Vol. of »Anteckningar i Physik
och Geognosie».
1845. Loven, S.: Svenska Trilobiter. 1 och 2. (Swedish
Trilobites. 1 and 2.) — Ofvers. Kgl. sv. Vet.-Ak. Forh.
1854. AncuLiN, N. P.: Palaeontologia Scandinavica. Fasc. II.
1856G. Barranpr, J.: Parallele entre les dépots siluriens de
Bohéme et de Scandinavie.
! As the older literature has partly already been mentioned, especially
in the introduction, partly quoted in several of the works included in this list,

it has mostly been omitted. The ample literature relating to the Leptaena lime-
stone is accounted for further on, under the heading b) The Ordovician of Dalarne.
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1870.
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1873.
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RoeMER, Frrp.: Bericht von einer geologisch-palion-
tologischen Reise nach Schweden.

LinNarssoN, G.: Om de siluriska bildningarne i mel-
lersta Vestergotland. (On the Silurian deposits in
the middle part of Vistergotland.)

WarnN, J. A.: Bidrag till kinnedom om Vestgotaber-
gens byggnad. (Contributions towards the knowledge
of the structure of the mountains of Vistergditland.)
LinNarssoN, G.: Bidrag till Vestergétlands Geologi.
(Contributions to the Geology of Vistergitland.)
LinvarssoN, G.: Om Vestergotlands Cambriska och
Siluriska aflagringar. (On the Cambrian and Silurian
deposits of Viistergotland.)

SipensrLADH, E.: Nagra ord till upplysning om bladet
»Venersborg». (A few words as explanation to the map-
sheet Venersborg.) Sv. Geol. Unders. Ser. Aa. No. 40.
LinNarssoN, G.: Jemférelse mellan de Siluriska aflag-
ringarne 1 Dalarne och i1 Vestergétland. (A Compa-
rison between the Silurian deposits in Dalarne and
Vistergitland.)

LinNarssoN, G.: Anteckningar om den kambrisk-silu-
riska lagerserien 1 Jemtland. (Notes on the Cambro-
Silurian series of strata in Jémtland.)

LinNarssoxn, G.: Beriittelse afgifven till Kongl. Vet.-Ak.
om en med understod af allmiinna medel utford ve-
tenskaplig resa till Bohmen och Ryska Ostersjopro-
vinserna. (Report to the Royal Academy of Sci-
ences on a scientific journey to Bohemia and the
Baltic Provinces of Russia.)

LinNarssoN, G.: Om néagra forsteningar fran Sveriges
och Norges »Primordialzon.» (On some fossils from
the »Primordial zone» of Sweden and Norway.)
Fosforitkommitténs berittelse. (Report of the Phos-
phorite Commission.) — Herein H. v. Post’s, Tor~-
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1875.

1876.

1879.

1880.

1882.

1882.

1882.

1882.

1882.
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Quist’s and SToLPE’s observations regarding the Obolus
conglomerate in Dalarne are reported on.

Tornquist, S. L.: Om Siljanstraktens paleozoiska forma-
tionsled. (On the Palaeozoic deposits of the Siljan
district.)

Linnarsson, G.: Forsteningar fran Lappland insamlade
af Hrr. E. Sipexsnapn och E. Erpmany. (Fossils
from Lappland collected by etc.)

Linvagrsson, G.: Ofversigt af Nerikes 6fvergingsbildnin-
gar. (A Review of the »Transition formation» of Niirke.)
Linnarsson, G.: Geologiska iakttagelser under en resa
pi Oland. (Geological observations during a journey
in Oland.)

Linvarsson, G.: Ceratopygekalk och undre graptolit-
skiffer pa Falbygden i Vestergétland. (Ceratopyge
limestone and Lower graptolite shale on Falbygden in
Vistergotland.)

LinnarssoN, G.: Dictyonemaskiffer vid Orreholmen i
Vistergotland.  (Dictyonema shale at Orreholmen in
Vistergotland.)

Marg, J. E.: On the Cambrian (SEpGW.) and Silurian
Rocks of Scandinavia. Q. J. G. S.

Horm, G.: Ueber einige Trilobiten aus dem Phyllo-
graptusschiefer Dalekarliens. Bihang till Kgl. Vet.-
Akad. Handl

Houm, G.: Om de vigtigaste resultaten frin en som-
maren 1882 utférd geologisk-palacontologisk resa pa
Oland. (On the most important results of a geol.
pal. journey in Oland, made in the summer of 1882.)
Ofvers. Kgl. Vet.-Ak. Forh.

LinNarssoN, G. and Turrsere, S. A.: Beskrifning till
kartbladet Vreta kloster. (Explanation to the map-sheet
Vreta Kloster.) Sver. Geol. Unders. Ser. Aa, No. 83.
TuLLBERG, S. A.: Foérelépande redogorelse for geolo-
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1883.

1883.

1884.

1885.

1885.

1887.

1890.

1890.

1892.

1894.
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giska resor p4 Oland. (Preliminary Account of geo-
logical journeys in Oland.)

TuLLBERG, S. A.: Skines graptoliter. 1. (The Grap-
tolites of Skane.)

HorLm, G.: De svenska arterna af trilobitsligtet Illeenus
(Darmax). (The swedish species of the genus Illenus
Darwm.)

Tornquist, S. I.: Nigra komparativt-geologiska an-
teckningar frin en resa 1 Vestergétlands siluromride
sommaren 1883. (Some comparative geological notes
from a journey in the Silurian area of Viistergétland,
in the summer of 1883.)

Tornquist, S. L.: Undersokningar o6fver Siljansomri-
dets trilobitfauna. (Researches into the Trilobite
fauna of the Siljan district.) Sver. Geol. Unders. Ser.
C, No. 66.

Horm, G.: Beitrag zur Kenntniss der Quartiir- und
Silurbildungen der ostbaltischen Provinzen Russlands.
Horym, G.: Om Vettern och Visingséformationen.
On Lake Viittern and the Visingsé formation.) Bih.
till Kgl. Vet.-Ak. Handl.

Linpstrom, A.: Beskrifning till kartbladet Venersborg.
(Explanation to the map-sheet Venersborg.) Sver.
Geol. Unders. Ser. Ab, No. 11.

Horwm, G.: Forsteningar frin Lappland insamlade af
G. MortseLL. (Fossils from Lappland collected by .. .)
Mosrre, J. C.: Anteckningar om Olands ortocer-
kalk. (Notes on the Orthoceras limestone of Oland.)
Mosgra, J. C.: Om skiffern med Clonograptus tenellus,
dess fauna och geologiska alder. (On the shale bearing
Clonograptus tenellus, its fauna and geological age.)
Warrerivs, I. D.: Geologiska studier i Vestergotland.
I. Chasmopskalken. (Geological Studies in Viister-
gotland. 1. The Chasmops limestone.)



1895.

1896.
1898.

1900.

1901.
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Horm, G.: Om Didymograptus, Tetragraptus och
Phyllograptus.  (On Didymograptus, Tetragraptus
and Phyllograptus.)

Mickwrrz, A.: Ueber die Brachiopodengattung Obolus.
Horu, G.: Om forekomsten af Ceratopygekalk vid
Glote 1 Herjedalen. (On the occurrence of Ceratopyge
limestone at Glote in Hirjedalen.)

MosErg, J. C.: Nya bidrag till utredning af frigan
om grinsen mellan undersilur och kambrium. (New
contributions towards the settlement of the question
relating to the boundary between the l.ower Silurian
and the Cambrian.)

Howwm, G.: Kinnekulles berggrund. (The Rock-groﬁnd
of Kinnekulle.) Sver. Geol. Unders: Ser. C, No. 172.

1901, 1904. Tornquist, S. L.: Researches into the graptolites

1902.

1902.

1903.

1904.

1904.

1904.

of the lower zones of the Scanian and Vestrogothian
Phyllo-Tetragraptus beds. Tunds Univ. Arsskr. Afd.
2, Bd 37 and 40.

Muntae, H.: Beskrifning till kartbladet Ottenby. (Ex-
planation to the map-sheet Ottenby.) Sver. Geol.
Unders. Ser. Ac, No. 7.

Munrae, H.: Beskrifning till kartbladet Kalmar. (Ex-
planation to the map-sheet Kalmar.) Sver. Geol. Un-
ders. Ser. Ac, No. 6.

‘Wiman, C.: Studien iiber das nordbaltische Silurgebiet.
I. Bull. Geol. Inst. Upsala. Vol. 6, 1902—1903.
Svepmark, E.: Beskrifning till kartbladet Oskarshamn.
(Explanation to the map-sheet Oskarshamn.) Sver.
Geol. Unders. Ser. Ac, No. 5.

Mu~tae, H. and Hepsrrom, H.: Beskrifning till kart-
bladet Monsteras med Hogby. (Explanation to the
map-sheet Monsterds with Hogby.) Sver. Geol. Un-
ders. Ser. Ac, No. 8.

Mosera, J. C.: Om rodfirgade lager inom Sveriges
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1906.

1906.
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kambro-silur.  (On red-coloured strata in the Cambro-
Silurian of Sweden.)

Huexe F. vox: Geologische Notizen aus Oeland und
Dalarne, sowie ueber eine Meduse aus dem Untersilur.
N. J. far Min. ete.

Mu~rng, H.: Beskritning till kartbladet Skofde. (Ex-
planation to the map-sheet Skofde.) Sver. Geol. Un-
ders. Ser. Aa, No. 121.

Wiman, C.: Ein Shumardiaschiefer bei Lanna in
Nerike. Kgl. sv. Vet.-Ak. Arkiv for Zoologi.
Mvu~nrne, H.:. Beskrifning till kartbladet Falkoping.
(Explanation to the map-sheet Falkoping.) Sver. Geol.
Unders. Ser. Aa, No. 120.

Mu~rae, H.: Beskrifning till kartbladet Tidaholm.
(Explanation to the map-sheet Tidaholm.) Sver. Geol.
Unders. Ser. Aa, No. 125.

Mu~thae, H.: De geologiska hufvuddragen af Viist-
gotabergen och deras omgifning. (The geological
chief characteristics of the Vestrogothian Mountains and
their Environs.) Sver. Geol. Unders. Ser. C; No. 198.
Mosereg, J. C. and SeeerBere, C. O.: Bidrag till
kitnnedom om Ceratopygeregionen med sirskild hinsyn
till dess utveckling i Fogelsingstrakten. (Contributions
towards the knowledge of the Ceratopyge region with
special regard to its development in the Fagelsing
district.) Lunds Univ. Arsskr. Afd. 2. N. F. Bd 2.
Oriy, E.: Om de Chasmopskalken och Trinucleus-
skiffern motsvarande bildningarne i Skéne. (On the
Scanian strata corresponding to the Chasmops lime-
stone and the Trinucleus shale.) Lunds Univ. Arsskr.
Afd. 2. N.F. Bd 2.

Posr, L. von: Bidrag till kinnedomen om Ceratopyge-
regionens utbildning inom Falbygden. (Contributions
towards the knowledge of the development of the
Ceratopyge region in Falbygden.)
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1906. Wman, C.: Om Ceratopygeregionen inom Siljansilu-
ren. (On the Ceratopyge region in the Silurian of
the Siljan district.)

1907.  Wian, (.. Studien ueber das Nordbaltishe Silurge-
biet. II. Bull. Geol. Inst. Upsala. Vol. 8.

1909.  Westereirp, A. H.: Studier 6fver Dictyograptusskif-
fern och dess griinslager med sirskild hinsyn till 1
Skane férekommande bildningar. (Studies on the Dictyo-
graptus shale and its adjacent layers with special regard
to the deposits of Skine.) Lunds Univ. Arsskr. Afd.
2. N. F. Bd 5.

a) The Ordovician of Viastergottland.

In such an extensive area as Viistergotland the Silurian
strata are naturally — in spite of their being on the whole
undisturbed, and although the plateaus, that are now separate,
surely once formed a connected whole -— of a varying kind and
development in different parts of the province. The Silurian is
there principally met with in 3 separate districts, viz. in Halle-
berg and Hunneberg (farthest West), in Kinnekulle (on the eastern
shore of Lake Vinern) and in Falbygden Mountains (in the eastern
part of the province). The Falbygden Mountains have by
MuntHE been subdivided so that the northern part, Billingen, by
a line drawn through Skultorp—Higgum—Lake Hornborga-
sjon, is separated from the southern part, or Falbygden proper,
within which there may again be distinguished N., K. and W.
Falbygden. The Silurian is, besides, found on the Lugnis
Height to the N. of Billingen, east (or ENE.) of Kinne-
kulle, where, however, only the lower parts of the Cambrian
have been preserved.

Of all the mountains in Vistergotland Kinnekulle can
show the most complete sequence of strata, but nevertheless
certain of the zones incorporated in the following table do
not appear to be developed there.



76 JOH. CHR. MOBERG. THE SILURIAN OF SWEDEN.

The Ordovician of Viastergétland
shows the following strata, from the top downwards.

5. Brachiopod shale
Staurocephalus shale
l (transition bed)
4. Trinucleus shale
ITrinucleus shale (proper) red

{dark or variegated
green or black

[(Macrourus limestone)
3. Chasmops limestone Chasmops limestone (proper)
l(Echinosphaerite limestone)

Ancistroceras limestone
(Centaurus limestone)
2. Orthoceras limestone (Gigas limestone)
(Asaphid limestone) Asaphus limestone
Limbata limestone
Planilimbata limestone

Zone of Phyllogr. angustifolius ]Lower

» Didymogr. balticus Didymogr.
1. Ceratopyge limestone » Tetragr. phyllograptoides I shale
with glauconite shale » Clonogr. tenellus
or » Dictyogr. flabelliformis f. jDictyogr.
typica shale

Before we pass on to an account of the different strata
into which the Ordovician of Vistergétland has been divided
up, the main characteristics of the development of the scheme
ought to be indicated.

As 1s well known, the older writers, such as, for example,
Karwm, LinN g HISINGER, distinguished five divisions, viz. sandstone,
alum shale with stinkstone, limestone, clay shale and diabase.
Of these the limestone forms what we now call the Ordovician.
In 1854 this series was by ANGELIN divided up into 4 regions:
reg. Harparum (highest), reg. Trinucleorum, reg. Asaphorum
and reg. Ceratopygarum (lowest), besides which reg. Tri-
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nucleorum was subdivided into an upper and a lower di-
vision™.

LixNarsson, in 1869, distinguished in this part of the series
the following divisions:

Brachiopod shale = A~crrLiN's Reg. Harparum
Trinucleus shale = » » Trinucleorum, upper part
Beyrichia limestone = » » Trinucleorum, lower part
Orthoceras limestone = » »  Asaphorum

Lower Graptolite shale
Ceratopyge limestone = » » Ceratopygarum.

In 1871 he exchanged the name »Beyrichia limestone» for
that of »Chasmops limestone»>. If we thus add that the Dic-
tyograptus shale (which was by LinNarsson, after his journey
in Skane, in 1875 separated as a zone of its own, belonging to
the highest Cambrian under the name of Dictyonema shale),
which was originally included in the » Alum shale» or ANGELIN'S
Regio Olenorum, was in 1900 proved by Mosrre to belong to the
Ceratopyge region and thus forms the base of the Ordovician,
we have given the story for the chief traits of the scheme.

For the subdivisions see the following special accounts.

Division 6. The Brachiopod shale.

This shale, which is only a few metres thick, is, as far
as the nature of the rock is concerned, very varying, not only
in different localities, but also in more limited areas. 'The
typical rock is a compact, light-grey to greenish, thick-leaved,
calcareous shale with numerous brachiopods (hence the name),
although they are mostly only preserved in the form of casts
or moulds. But besides the typical rock we find another
darker grey orblackish, well stratified shale, which issometimes

1 As A. H. WESTERGARD (in his Index to N. P. AxcrrLiN's Palaeonto-
logia Scandinavica, with notes. Lund 1910) has shown, AxGrkLIN, when he

(in 1851) published Palaeontologia Svecica, distinguished only 2 of these divisions:
Regio Trinucleorum and Regio Asaphorum.
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the preponderating rock. Banks of a hard, grey, indistinctly
stratified limestone occur commonly, especially in the lower or
middle part of the Brachiopod shale. On weathering the Brachio-
pod shale is transformed into a soft, brownish pulp. According to
Horm (1901) the Brachiopod shale is more os less plentifully
mixed with quartz-sand, and at some places it shows discordant
stratification, wherefore it must have been deposited in shallow
water. Of trilobites, a class of animals that is here compara-
tively sparsely represented, might be mentioned Phacops mucro-
natus BroneN., Homalonotus platynotus Axc., Harpes sp., Lichas
laciniatus WAHLENB., among others. Pteropods, gastropods, pele-
cypods, and orthoceratites occur very sparsely; bryozoans and
ostracods, and chiefly brachiopods and corals, on the other
hand, are common.

In the fauna there can in many instances, as is quite
natural, be traced a certain relationship with the Gotlandian,
and Barranpr also wanted, in his »Paralléle» (page 27) to
look upon the Brachiopod shale as belonging to the last
mentioned series (étage IJ in Bohemia). Even MuntaE (1905
and 1906) includes the Brachiopod shale in the Gotlandian.
Rokmer, who had an idea that the Brachiopod shale lies on
top of the » Upper graptolite shale», calls it » Deiplon Gestein»,
or more correctly, he says that ANerLix might (»mdéchte») dis-
tinguish it by that name.

At Billingen the highest and thickest part of the Brachiopod
beds consists of a dark or blackish shale, deficient in brachiopods,
in which Calymmene tuberculata BRUNN., Acidaspis centrina DALm:
and a Leptaena sp. are the most commonly occurring fossils.
LiiNNarssoN, who proposes the appellation »Acidaspis shale»
for the same, quotes as localities for the latter, besides Bil-
lingen, also the other mountains in the northern part of Fal-
bygden; in the southern part, as for example in Alleberg
and Mosseberg, the Acidaspis shale is entirely absent.

Brachiopod shale is met with both in Kinnekulle and
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Billingen—Falbygden. A~NerLIN united with it also the
deposit which is so plentifully developed in Dalarne, and
which afterwards received the name »leptaena limestone.
Even in Dalarne, viz. at Gillkirn (Gullerisen) a rock is met
with, however, which more closely resembles the typical
Brachiopod shale. We have also to collocate with the latter
the »Klingkalk» (clink-limestone) of Dalarne and the Scanian
zone of Phacops eucentra Axc., which show, however, another
development to a certain degree. Besides in the provinces men-
tioned, the Brachiopod shale is also met with at several places in
Jimtland, as well as in Ostergétland (at Rasniis and, in boulders’
at Borenshult).

Division 4. The Trinucleus shale.

As the lowest part of the Brachiopod shale Lixxanssox
mentions a variegated shale which is well developed in Falbyg-
den, especially on Alleberg Mountain, but also on Fardalaberget
Mountain (= Hvarfsberget Mountain + Gerumsberget Mountain),
Hoégstenaberget Mountain (= Plantaberget Mountain on later
maps) and several other places; the fauna in this shale shows a
mixture of species belonging to the Brachiopod and the Trinucleus
shales. 'The stratum occurs possibly also at Billingen. Lix-
NARssoN calls the shale in question »Staurocephalus shale»
from the Stawrocephalus clavifrens Axe. which appears in it.
By Tunnsrrc (in »On the succession of strata in the (‘ambrian
and Silurian deposits at Rostinga», 1880), and also by later
writers, as for example HowLm and Owniy, it is;, however,
included in the Trinucleus shale — with which it agrees most,

from a faunistic point of view as its highest part. MunNrnr
hints, however, as more correct to look upon the Staurocepha-
lus bed as the boundary between the Ordovicianand Gotlandian.

Apart from the Staurocephalus shale there may be
distinguished mostly three different beds in the Trinucleus

shale of Viistergdtland, of which beds the middle one, which
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forms the greater part, consists of a reddish-brown, soft shale
generally both on top and at the bottom bordered by dark,
green or black shales. More accidentally, concretions or bands
of an impure limestone are met with, besides which a 2 to
4 metres thick bank of dark-grey, compact, brittle (almost
flinty) limestone, devoid of fossils and traversed by lighter
veins of calcite, is met with below the red shale. The shales
which form the lowest part of the Trinucleus beds are not,
or very little, developed in the Falbygden Mountains. Among
the abundant fossils may be mentioned 1'vinucleus Wahlenbergi
Rovavwur, Ampyx Portlocki Barr., Cybele verrucosa Dawm., Dionide
euglypta Axc., Remopleurides radians BArr., Aeglina? ohlongula
Axe. and Agnostus trinodus SALTER. From the lower strata
in Kinnekulle are noted Trinucleus seticornis His. and Diplo-
graptus pristis Hris. Amongst other fossils brachiopods are
common, but not so predominant here as in the Brachiopod shale.

Besides Vistergotland (Kinnekulle, Billingen and Fal-
bygden), the Trinucleus shale proper is known of from Oster-
goétland, Dalarne and Skéne, in which last mentioned pro-
vince 1t has, however, another development, and is never red

in colour.

Division 3. The Chasmops limestone.

The limestone coming under this heading is partly hard,
dark, black-grey or blue-black, flinty, partly especially in the
upper layers somewhat lighter, green or greenish-grey. The
licht limestone is not flinty, and has a greater percentage
of calcium carbonate than the dark variety. Besides the hard
limestone, there occurs also a greenish shale, which, as is
the case at Kinnekulle, can even be the predominant rock
in the division. On weathering, boulders of the flinty lime-
stone just mentioned assume a thick, whitish-yellow, rusty-
brown or rust-spotted crust.

Of the particularly plenteous fauna (LINDSTROM enume-
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rates in his »List of the fossil Faunas of Sweden» 105 species
belonging here) we may mention only a few of the common-
est, more characteristic crustaceans, as Ampyx costatus Borck,
A. rostratus Sars, Ptychopyge glabrata Axc., Lichas laxatus
M'Coy, Remopleurides sexlineatus ANG., various species of
Chasmops, as well as Beyrichia costate liiNrs.  Amongst the
brachiopods may be mentioned Orthis biforata Scarorn., O. dor-
sata His., Strophomena imbrex Paxper and Leptaena sericea Sow.

Already in 1871 TornquistT distinguished in the Silurian
of Dalarne, amongst other layers that come under this hea-
ding, a division which he called Cystidean limestone. Lix-
NARssoN subsequently (1882,in Explanation to the map-sheet
Vreta kloster) distinguished in Ostergétland’s Chasmops
limestone a lower division, which he called Cystidean lime-
stone, and an up p er one, specially characterized by the occurrence
in the same of Chasmops macrourus SioGrEN. TULLBERG, in
1882, divided the Chasmops limestone of Oland into a lower
division, the »Echinosphaerite limestone», and an upper one,
sthe Younger Chasmops limestone». REMELE proposed in 1883
the name »Macrourus limestone» for the last mentioned, a de-
signation which he, according to his own statement, used
already in 1880 for boulders of the rock in question. Accor-
ding to HoLM the name Cystidean limestone (or Echinosphaerite
limestone) is not to be used for any rock at Kinnekulle, because
cystideans on the whole occur extremely sparsely in the Chas-
mops beds there. From other statements it looks, however,
as if Kchinosphaera aurantium GYLLENH. occurred generally in
the oldest part of the Chasmops limestone in other localities in
Vistergotland. For example, a lower horizon bearing Echino-
sphaera aurantium has been observed at Mosseberg (above Jons-
torp, near Klefva), at Alleberg, according to WaLLERIUS, and
at Billingen (partly NW. of Ryd Estate, partly NE. of Og-
lunda church).  Whether any closer resemblance to the
Macrourus limestone of Oland (and Ostergdtland) really exists

[
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i Vistergétland seems on the other hand rather doubtful.
Lhacops (Chasmops) macrourus is certainly mentioned by Lin-
NARSSON  (1869), although with some hesitation, in boulders
from Kinnekulle, which, however, he supposed to belong to
the lower part of the Chasmops limestone.

Chasmops limestone has, besides in the provinces mentioned,
also been met with in Jiamtland and Skane, where 1t 1s cer-
tainly partly replaced by graptolite-bearing shales, but can
even be proved to contain limestone banks which, similarly
to those of Vistergdtland, are generally very siliceous, hard,
almost flinty.

Division 2. The Orthoceras limestone.

As far as I have been able to discover, HisingeRr is
the first to use (1828, in the fourth part of »Notes on Phy-
sic and Geognosy») the name »Orthoceratite limestone» for the
mighty series of limestones, which in Viistergétland and se-
veral other provinces are lying between the alum shale and
the Upper graptolite shale. AnNcrLIN divided, as is well known,
this limestone suite up into several regions, of which regio
Asaphorum, which embraces the most important part of the
limestone suite, still retains the name Orthoceras limestone.
This corresponds practically with the Russian Glauconite lime-
stone and Vaginatum limestone; the Orthoceras limestone of
Norway, on the other hand, corresponds only with a small
part of the Swedish Orthoceras limestone, viz. the »Gigas
limestone» (and possibly parts of the zones adjoining the
latter). That such a great series of strata should, on closer
examination, be found divisible into several separate beds is
quite natural. In 1874, Tornquist divided the Orthoceras
limestone of Dalarne into the following strata:

Upper grey Orthoceras limestone

» red »

Lower grey >



THE ORDOVICIAN OF VASTERGOTLAND. 83

Lower red Orthoceras limestone
Green limestone (Glauconite limestone).

Glauconite limestone is mentioned by Linnarsson (1875)
from Nirke and Falbygden, and afterwards by several other
writers from the boundary layers between the Orthoceras lime-
stone and the Ceratopyge limestone, often without it having
been possible to determine to which of these divisions it be-
longs at one place or another. Leaving therefore out of consi-
deration this latter deposit which, if not specially mentioned in
any other connection, can in most instances be supposed to
have been included in the Orthoceras limestone, we may say
that TorNQuIsT’s proposal was generally adopted and applied
even to other parts of the country, something which clearly
goes to prove that the Orthoceras limestone on the whole
has quite a uniform development over large areas. LiNNars-
soN, who in 1876 travelled through Oland, seems to have
found TorNquist’s division applicable even to this part of the
country. According to a memorandum sent to NATHORST (see
A. G. NarsHorsr’s paper: »>Om Gusrar LiNNarRssoN och hans
bidrag till den svenska kambrisk-siluriska formationens geologi
och paleontologi», in Geol. For. Forbh. 1880) he divided
namely Oland’s Orthoceras limestone into four divisions,
Upper grey, Upper red, Lower grey and Lower red, a di-
vision which even Howm followed at first, for example in
1883, on page 82, in his work »De svenska arterna af trilo-
bitsligtet Illeenus (DarLmax).» The same table also forms the
basis for TuLLBERG's division (1882) of the same series of
strata. According to him the sequence of strata is namely
as follows: The lowest stratum, Lower grey glauconite-bearing
limestone, Upper red limestone and Upper grey limestone,
devoid of glauconite.” In his »List of the fossil faunas of
Sweden» (1888) Linpsrrom used TorNQuist's division and gave
the latter by means of the lists of fossils mentioned therein
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so to say a palaeontological foundation. In 1890, I gave (in
» Anteckningar om Olands orthocerkalk ») amore specified division
that was chiefly based upon the trilobites. According to this
the sequence of strata from the top downwards looks as follows:

MogErG Older authors
Ancistroceras limestone! | Upper are
. r r ‘4
Centaurus limestone? Ji = PREERS
Platyurus limestone \
- . = Upper red
Gigas limestone J

Upper Asaphus limestonel
Asaphus limestone Sphaeronite bank = Lower grey
Lower Asaphus limestone J

ouo;salu” ‘5121030[11-10

Limbata limestone \
Planilimbata limestone )= Lower red
According to Wimax (»Ueber die Silurformation in Jemt-
land», 1894) the table could be used for the Orthoceras lime-
stone of Jimtland, and MuNrtae says (1906) that in the
main parts it can also be applied to that of Viistergétland.
In 1895 HouLm mentioned Isograptus gibberulus Nich. and
several other graptolites found in the Lower Asaphus lime
stone at Hilludden in the parish of Bdéda, on the Island of
Oland. That the Asaphus limestone corresponds with the
highest zone of the Lower Didymograptus shale is thus not to
be doubted. According to MoBrrG's account (1906) of the se-
quence of strata in Hunneberg, it is also quite certain that
the Ceratopyge limestone is represented by the lowest zone of
the Lower Didymograptus shale. Consequently we must be able
to parallelize the Planilimbata limestone and the Limbata lime-
stone with the middle zones of the l.ower Didymograptus shale.

! The original denomination was Strombolituit limestone; after Hory in 1891
(»Om mynningen hos Lituites BREYN.») had stated that Strombolituites is a vounger
synonym for Ancistroceras, the term was corrected.

* The synonym for Illaenus Centaurus ANG., the fossil characteristic of
this stratum, has been disputed, as HoLym wanted to call this species [. Chiron
HorLMm. On account of this the name Chiron limestone has frequently been em-
ployed for the Centaurus limestone. Cfr A. H. WesTERGARD: Index to N. P.
ANGELIN'S Pal. Scand., with notes. Lunds Univ. Arsskr. Afd. 2. N. F. Bd 6. 1910.
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The Orthoceras limestone is found in all the Vestrogothian
Mountains (with the exception of Halleberg and Hunneberg
Mountains), furthermore in Ostergétland, Nirke, the Siljan di-
strict in Dalarne, Hiirjedalen, Jimtland, Giéstrikland (in Limén
Island in the Bay of Gifle’), lLappland (at Granliden), in
the Island of Oland and in Skine. The regular change of
colour in the greater part of its area of distribution, into
red and grey of somewhat different tints, is remarkable. The
Scanian Orthoceras limestone on the other hand is always
grey or blackish-grey. As we possibly get an opportunity
further on of entering upon the question concerning the cause
of the change of colour, we shall only point out that the
stratigraphical conditions concerning the same have played a
certain part. (Cfr Moperc 1904).

The table given above will very likely already by the
names of the different strata have indicated the nature of
the fauna quite clearly. Besides the trilobites, which are
common right through the whole sequence of strata, and
amongst which Asaphides (Megalaspis, Asaphus, Ptychopyge,
Niobe, Nileus and Illaenus) are preponderating, although even
some others belonging to such genera as Phacops, Chirurus,
Cyrtometopus and Agnostus are represented, we find certain zones
crowded with cephalopods, a class of animals which here for
the first time appears more frequently. It is also upon
these that HorLm founded the division of the series of strata
which we give further on. The trilobites are, however, very
probably more suitable for the division, partly because forms
belonging to this category everywhere, and lighter than the
cephalopods, are met with in a determinable state, partly because
we preserve by this means a common basis of division suitable
for the entire series. Among other classes of animals might

! Here met with as solid rock already in 1859 (see A. H. WAHLQUIST:
Nagra ord till upplysning om bladet »Leufsta». — A few words as a guide to the
map-sheet »Leufsta». Sver. Geol. Unders. Ser. Aa, No. 29. Stockholm 1868).
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be mentioned the cystideans, e. g. Sphaeronis pomum GYLLEN-
HAHL which appears in the Asaphus limestone forming real banks;
brachiopods and gastropods are more scanty. Pelecypods,
rarely found in the lowest part of the Limbata limestone in
the Island of Oland, make herewith their first entry into our
Silurian. It has already been mentioned that even graptolites
occur here, although extremely rares.

In 1893 Horm in his work »Sveriges kambrisk-siluriska
Hyolithidae och Conulariidae» (The Cambro-Silurian Hyolithi-
dae and Conulariidae of Sweden) gave, on page 42, the following
division of the strata here in question.

| Lit. perfectus zone
| (Grey Lituites limestone)
Lituites Region - I Lit. lituus zone

Lit. discors zone

l (Red Lituites limestone).

Vaginatum Region (Grey Vaginatum limestone).

This table, whose terms HoLm also used already in 1891
(»Om mynningen hos Lituites BREyN> — The mouth of Lituites
Brevn), was supplemented in 1901, when HoLm came out with
the following table relating to the Orthoceras limestone of
Kinnekulle, a table which was afterwards used by Mu~rtHE for
the map-sheets of Vistergitland published by him, whilst on

Popular division

Palaeontological division

Kinnekulle Oland, Dalarne etc.
»Lefversten» g
: Upper grey Orthoceras limest.
Lituites Limestone ‘ (Liver-stone) pper grey

‘| Upper Red stone i Upper red Ortkoceras limest.

Vaginatum Limestone - |
Tiljsten+(Pot-stone)l Lower grey Orthoceras limest.
|

Limbata Limestone Lower Red-stone Lower red Orthoceras limest.
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the other hand the division given by me came into use for
the explanations to the map-sheets of Oland published by
Mu~the, HepstrRoM and SVEDMARK.

About the division given by me is to be remarked that,
just as the different strata of the Orthoceras limestone in
general are not sharply separated from each other, even the
division as a whole, both on top and below, shows a very
indistinctly marked boundary. As regards the upper part of
the Orthoceras limestone it has been proved that Illaenus
centaurus Ane., even if rarely, has also been found in the
hard Ancistroceras limestone, wherefore it is possible that this
latter is only to be considered as a more local development
of the Centaurus limestone. And even immediately on top
of the Ancistroceras bank a limestone band has been met
with at one place (at Slagerstad in the Island of Oland), in
which probably Illaenus centaurus occurred besides Fchino-
sphaera auwrantium. In connection with the said limestone
band there occurred a flaky limestone, probably corresponding
with the lower part of the »flagkalk»> distinguished by Torx-
QuistT in Dalarne. About this latter, which is quoted as the
bottom stratum of the Chasmops limestone, TorNQuistT further
says himself (1883), that its lower, slaty part might possibly
be separated as a layer of its own.

As regards the lower limit of the Orthoceras limestone
again, it has been proved that the Ceratopyge limestone at many
places imperceptibly merges into the Planilimbata limestone.

As we have seen from the preceding, the so called Or-
thoceras limestone embraces a great many different strata. It
is clearly therefore of importance to be able to determine in
every separate case which stratum, or which strata, occur
within the several areas. Unfortunately minute researches
in this respect have so far not been carried out every-
where. This applies especially to Skane, about whose Or-
thoceras limestone we know scarcely much more than that the
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upper part of the Orthoceras limestone of the Island of Oland is
in Skane replaced by the Geminus shale and the Lower Dicello-
graptus shale. The Geminus shale and the Centaurus lime-
stone, which contain Ogygiocaris dilatata Bron~. and Didy-
mograptus geminus His. in common, are namely equivalent.
TurrBere (1882) divided the Orthoceras limestone of Skéane
into an upper section @, in which was included Fagelsing’s
dark limestone with a peculiar trilobite fauna described by
AncrLIN, and a lower section [, a lighter, grey limestone
appearing in south-eastern Skine and bearing, amongst other
fossils, Megalaspis planilimbata Axe.

Division 1. The Ceratopyge limestone.

AngrLIN, who first distinguished a Regio Ceratopygarum,
knew the same only from Hunneberg (and Norway). Starting
from the (erroneous) supposition that Orthoceras limestone
at Kinnekulle was lying directly upon the Olenid shale, in
the same manner as Ceratopyge limestone in Hunneberg,
Barraxpe (1856), in his Parallele, wanted to make the latter
equivalent to the Orthoceras limestone. In 1868 IiNNaRrssoN
was, however, able to mention the occurrence of Ceratopyge
limestone also in Kinnekulle, where it was separated from
the Orthoceras limestone by the »Lower graptolite shale», and in
1869 he states how the division referred to certainly in respect
of its trilobite fauna shows a great resemblance to the Ortho-
ceras limestone, but yet has several peculiar trilobite genera
which easily justify its separation from the latter. The pe-
cularity of this fauna is still more strongly accentuated by
Broceer in his work published in 1896: »Ueber die Ver-
breitung der Kuloma-Niohe-Fauna (der Ceratopygenkalkfauna)
in Europa».

Amongst the more characteristic fossils are to he mentio-
ned: Ceratopyge forficula Sars, Euloma ornatum Axc., Symphy-
surus angustatus S. et B., Niobe insignis lLaxws., Orome-
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topus elatifrons ANa., Apatocephalus serratus S. et B., Dicel-
locephalina ~ dicraeura Axc., Cyrtometopus primigenus AxG.,
Harpides rugosus S. et B.. Triarthrus Angelini 1aNgrs. and
Agnostus Sidenbladhi 1aNrs — Megalaspis planilimbata ANa.
is, as has previously heen mentioned, common to the Cera-
topyge limestone and the lowest part of the Orthoceras lime-
stone, which is not very sharply defined from the former. A
particularly common fossil is Orthis Christianiae KirruLF,
which also occasionally, together with other brachiopods, can
crowd the whole rock. Only one rarely occurring cephalopod,
Orthoceras atavus Broeeer, i1s known from there. In the
Ceratopyge limestone proper other classes of animals are either
very sparsely, or not at all, represented.

The limestone is generally hard, compact, with plenty
of iron-pyrites, which sometimes occurs distributed in irregular
nests and lumps, which, on weathering, may leave behind a
more or less cavernous rock. The colour, which varies at
different places, is generally either black or light-grey, more
rarely greenish or reddish. The limestone is, as a rule, distri-
buted in thick banks, sometimes interstratified by alum shales,
but may even occur in the shape of lenses embedded in the
glauconite shale. It is often accompanied by a dark, some-
times, for. example in the Falbygden Mountains, phosphorite-
bearing glauconitic limestone, which not rarely hoth underlies
and covers the fossil-bearing Ceratopyge limestone proper,
which it is said to substitute to a certain extent. The glau-
conite limestone is as a rule devoid of fossils; the glauconite
shale and the limestone lenses embedded therein may, on the
other hand, often contain plenty of brachiopods.

In Vistergotland the Ceratopyge limestone has, besides
the places mentioned, Hunneberg and Kinnekulle, also been
proved to exist in the Billingen—Falbygden Mountains, in
Ostergotland (at Berg), in Nirke (at Latorp, Lanna and se-
veral other places), probably in Gistrikland (in Limon, accor-
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ding to Wiman 1893 and 1907), in Hirjedalen (at Gléte), in
Jimtland, in the » Lappmark» of Visterbotten (at several places),
in the Island of Oland (along the west coast from Ottenby
in the S.; where it is particularly well developed and easily
accessible, right up to the cliff of Képing at Borgholm, as
well as at Aleklinta and Horns Ness) and in Skine, where
it is, however, not met with fully developed at more than
one single spot, at Fagelsing. In 1906, WimaN pointed out
a limestone at Sjurberg, in Dalarne, which he considers
ought to be interpreted as Ceratopyge limestone. In Jimt-
land, too, there occur limestones whose fauna has not been
minutely examined yet, but which, for stratigraphical reasons,
we must place in the same category as the Ceratopyge
limestone. LiINNARSSON mentions namely such a one from Toss-
dsen; I myself have found the same limestone also at Klofsjo.
And according to LinNarsson (1872); the stratum here in
question might, perhaps, also be met with at Iffelniis and Mjila.

The division is of rather varying thickness at different
places. Whilst in the western part of Kinnekulle it reaches 2
m. (in the eastern however only 0.5 m.) it is for example
in Billingen—Falbygden not more than 0.9 m. thick, and
sometimes 1t does not even reach more than 0.1 m.

Besides the Ceratopyge limestone proper, which we have,
together with the accompanying glauconite, designated as
the zone of Apatocephalus, there is at many places met with
also a lower part belonging to the Ceratopyge region and
which, after the trilobite genus Shumardia, which plentifully
occurs therein, has been called the »Shumardia zone». The
rock is sometimes, as for example at Fagelsing, a small-
crystalline, highly pyritic, light-grey, impure limestone, which
on weathering loses its lime without crumbling and changes
to a mouldy, dark brown rock; more often, however, it is
an alum shale, petrographically fully coinciding with the
underlying Dictvograptus shale from which it was only lately
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distinguished on account of the nature of the fauna. It was
Broceer who, in 1882 (Die silurischen Etagen 2 und 3),
was the first to distinguish this part in the Silurian of
Norway, and these layers received, on account of the nature
of the rock there, the name »Ceratopyge shale>. MoBskre
(1890) pointed out at Ottenby, in the Island of Oland, an
alum shale with Ceratopyge forficula Sars and Shumardia
pusilla Sars', which is equivalent to the Ceratopyge shale of
Norway. Of deposits which are to be included in the Shu-
mardia zone there are, besides the alum shale at Ottenby
already mentioned, a shale found by Wimax (1903) at Bil-
udden in the Bay of Gifle, besides which probably also the
highest alum shale at Aleklinta may possibly belong here.
However, it appears that alum shale can also be inserted be-
tween banks of the Ceratopyge limestone, whence it is credible
that the Shumardia-bearing shale can appear at several levels,
which in geological age are somewhat different. At least, it
does not strike one as impossible that the Shwmardia-bearing
shale at Ventlinge, in the Island of Oland, might be of a
somewhat younger age than the previously mentioned one.
Again, as regards the »>Shumardia shale» which Wimax in
1905 described from Lanna in Nirke, it does not appear to be
comparable with the Shumardia zone proper, which is at least
partly equivalent to the Ceratopyge shale of Norway, and of
which we spoke in the preceding lines. It is rather to be
looked upon as a transition bed between the Ceratopyge lime-
stone and the Planilimbata limestone. Such a transition bed is
also very likely a greenish-grey marl-shale at Berg, in Oster-
gotland, lying below the Orthoceras limestone and accreted
with the latter, and which by Lixxanrssox and TurLBere in their

! According to LiNnpsTrROM's »List of the fossil faunas of Sweden, I» the
fossil in question is said to have been previously found in the Lower red Orthoceras
limestone at Aleklinta in the Island of Oland by Prof. G. HoLm. According to

information given by Winax in 1905 the determination is, however, incorrect,
and even the age of the bed seems to be somewhat uncertain.
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explanation to the map-sheet Vreta kloster (1882) has been
put down under the Ceratopyge limestone.

b) The Ordovician of Dalarne.

The deposits coming under this heading, which are the
oldest found in the Siljan district, were already in early times
accorded some attention, as for example by Hisixger who, in
1804, published »Minerografiske anmirkningar 6tver Flotserne
i Rittvik och nirgriinsande socknar i Dalarne» (Minerogra-
phical remarks about the strata in Réttvik and adjoining pa-
rishes in Dalarne). But they were not completely investi-
gated or more minutely studied until TorxqQuist devoted
many years of uninterrupted work to them. The unravelling
of the succession of strata has also been united with great
difficulties, not only on account of the partially peculiar de-
velopment of the Silurian strata, but also on account of the
great dislocations that have taken place there. As the result
of the investigations of TorxqQuisT and others we are enabled

to present the following

Table of the Ordovician of Dalarne.

5. Brachiopod shale, » Klingkalk» (Clink-limestone) or Leptaena limestone.

Red shale.

Grey limestone.

Black shale.

»Masur» limestone.

Macrourus limestone.

. Chasmops beds ........................ Echinosphaerite limestone (»Cysti-
dean limestone»).

Ancistroceras limestone.

Centaurus limestone.

Platyurus limestone.

Gigas limestone.

Asaphus limestone.

Limbata limestone.

Planilimbata limestone (»green
limestone»). Lower Didymograp-
tus shale.

IS

. Trinucleus beds ........................

w

2. The Asaphid beds (Orthoceras
limestone) s mmmsimrnsisnms
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Ceratopyge limestone.
Glauconite sand (»Obolus lime-
stone»).

1. Ceratopyge beds........................
lObolus conglomerate.

5. The Brachiopod shale, » Klingkalk» and Leptaena limestone.

This table agrees very well with the one previously
given from Vistergétland, except in so far as the develop-
ment of the youngest and oldest strata is concerned. As
we have already previously mentioned, the highest stratum
of the Ordovician, however, in an isolated occurrence (Gillkérn)
1s developed quite as the typical Brachiopod shale in Viister-
gétland. Such is, according to E. WarBure (1910), very li-
kely also the case at Nittsj6. But as a rule there exists great
irregularity here. At the level of the Brachiopod shale there
occurs namely the so called Klingkalk with which, for rea-
sons which we shall mention later on, even the Leptaena li-
mestone is to be parallelized.

» Klingkalken> (The Clink-limestone). In the year 1872
StoLpe (» Om Siljanstraktens sandstenar». I) mentioned from Nitt-
sj6 a grey, fine-grained, thinly bedded limestone with grains of
quartz, which limestone he supposed as possibly to correspond
with LiNnArssox’s Brachiopod shale. In 1874 TOrxQUIST men-
tions the same grey limestone from Nittsjo, as well as a similar
one from Skattungsbyn; in his table it receives, even if with
some hesitation, its place between the Trinucleus shale and
the Upper graptolite shale. In 1883 he again mentions
this limestone, which is now called »Klingkalk». Besides
the previously mentioned occurrences is now also mentioned
Enan. The Klingkalk from Skattungsbyn is described as a
stratified limestone, about 3 metres thick, which in a fresh
condition is blue-black, tough and hard, giving off a sound
when struck with a hammer. On the weathered surface, which
is always grey and has a crystalline, granular appearance,
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fossils are visible, corals and brachiopods; among the fossils
are mentioned Orthis sp. and Ptychophyllum craigense M’Coy.

The Leptaena limestone. This deposit, which in our
country is found as solid rock only in this province, is wi-
dely distributed there. According to J. G. AxpErsson (1893)
and C. Wimanx (1907) the rock is also found in the Baltic
immediately to the east of the Island of Oland, as is indica-
ted by some boulders found in that island; and if we follow
StoLLEy (1897, page 124, note 1) and consider LiNDpsTROM's
Red Arachnophyllum marl from Gotland as the highest part
of the Leptaena limestone, the former would certainly also
rest on the sea bottom to the NW. of Gotland (Visby). Boul-
ders of Leptaena limestone found by Wimax (1907) seem to
indicate that this rock also occurs in the northern Baltic area.

According to TornQuisT the Leptaena limestone is ex-
posed in Dalarne at the following places: Kallholn, Skatt-
ungsbyn, Furudal, Arfvet, Dalbyn, Gullerasen, Osmundsberg,
Anderasen, Boda, Viistand, Solberga, Ostbjorka, Kulsberget, Riitt-
viks hed and Nittsjo lerberg. The rock, which mostly contains
plenty of fossils, is very varying both as to colour (white, grey,
greenish, light red brick red, black) as to grain, sometimes com-
pact, hard and splintery, at other times distinctly stratified and
sometimes with lamellae of shale between the layers. The total
thickness is by TorNQuIsT estimated at about 150 metres. The
bulk of this consists of a compact, white, red or brown thickly
banked limestone. Amongst the fossils trilobites, brachiopods and
corals are particularly plentiful, nor are gastropods and cephalo-
pods missing. Of the trilobites, which amount to over 40, may
be mentioned Lichas dalecarlicus ANG., L. conformis ANG.,
L. laxatus M’'Coy, and L. palmatus Bagrr., Planimetopus pla-
nifrons ANG., Calymmene leptaenarum TorxQu. and C. foveolata
TornqQu., Chirurus speciosus His. and C. tenuispinus TORNQU.,
Sphaerexochus mirus Bryr., Pseudosphaerexochus conformis
ANG., Sphaerocoryphe granulata ANG., Deiphon punctatus ANG.,
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Encrinurus  multisegmentatus  Powri., DBronteus laticauda
WaHL., a lot of species of 1llaenus, such as I wvivar HoLwm,
1. Linnarssoni Houm and I. fallax HoLwm, as well as Isocolus
Sjogreni ANG. ANGELIN also quotes Harpes Wegelini ANG.
and Harpes costatus AxG., after which he called his »regio
Harparum», in which the Leptaena limestone was included
by him. Amongst the brachiopods are to be noted Orthis
biforata ScurotH., Strophomena imbrex Paxn., and S. luna
TorNqQu., Leptaena Schmidti TorNQu. and Meristella crassa Sow.,
amongst the corals Heliolithes dubius Scumipr, Plasmopora
conferta K. H., Halysites catenularius L. and H. escharoides
Law., Syringophyllum organum L. and Ptychophyllum crai-
gense M’Coy. According to StoLLEY there are furthermore
such quantities of Siphoneae (‘Palacoporella, Vermiporella ete.)
in the Leptaena limestone that we can here speak of a real
algous facies.

No other geological formation comparable with the Lep-
taena limestone is, as has been mentioned, met with in the
mainland of Sweden.

Not only the Lyckholm and Borkholm strata of Kstho-
nia, but also the Etage 5 of Norway, the Keisley Limestone
in England and the Irish Kildare Limestone appear, however,
to resemble the same very closely, both with regard to the
fauna and the rock.

The determining of the position of the Leptaena li-
mestone in the stratigraphical scheme has met with great
difficulties. Before we resume the different opinions advanced
concerning the geological age of the deposit we may here
give a list of the more important works relating to the Lep-
taena limestone.

1854. Axngrriy, N. P.: Palaeontologia Scandinavica. H. 2.
1859. Scumint, F.: Beitrag zur Geologie der Insel Gotland
nebst einigen Bemerkungen iiber die untersilurische
Formation des Festlandes von Schweden, etc., S. 59 (459).
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1867.

16869.

1869.

1871.

1871.

1874.

1875.

1879.

1882.
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TorxquistT, S. L.: Om lagerféljden i Dalarnes under-
siluriska bildningar. (On the succession of strata in
the Lower Silurian deposits of Dalarne.)

LinnarssoN, G.: Om Vestergotlands Cambriska och
Siluriska aflagringar. (On the Cambrian and Silurian
deposits of Vistergotland.)

TorNquisT, S. L.: Geologiska iakttagelser 6fver den
kambriska och siluriska lagerféljden i Siljanstrakten.
(Geological observations relating to the Cambrian and
Silurian sequence of strata in the Siljan district.) Of-
vers. Kgl. Vet.-Akad. Forh.

Linvarsson, G.: Geologiska iakttagelser ofver den
kambriska och siluriska lagerféljden 1 Siljanstrakten.
(Geological Observations on the Cambrian and Silurian
succession of strata in the Siljan district.)

Linvarssox, G.: Jemférelse mellan de siluriska aflag-
ringarne 1 Dalarne och Vestergdtland. (Comparison
between the Silurian deposits in Dalarne and Vister-
gotland.)

TornquisT, S. L.: Om Siljanstraktens paleozoiska for-
mationsled. (On the Palaeozoic deposits in the Siljan
district.)

TorxquisT, S. L.: Beriittelse om en geologisk resa ge-
nom Skanes och Ostergotlands paleozoiska trakter som-
maren 1875. (Account of a geological journey
through the Palaeozoic districts of Skine and Ostergét-
land, in the summer of 1875.) Ofvers. Kgl. Vet.-Ak.
Forh.

Tornquist, S. L.: Berittelse om en resa i England,
Wales och Skottland. (Account of a journey in England,
Wales and Scotland.) Ofvers. Kgl. Vet.-Ak. Forh.
TuLLBERG, S. A.: Skanes graptoliter. 1. (The Grapto-
lites of Skane.)
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1885.

1886.

1891.
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Torxquist, S. L.: Ofversikt 6fver bergbygnaden inom
Siljansomridet 1 Dalarne. (A review of the Tectonic
in the Siljan district of Dalarne.)

ScuMALENSEE, G. C. vox: Om leptaenakalkens plats i
den siluriska lagerserien. (On the Position of the
Leptaena limestone in the Silurian System.)
Broceer, W. C.: Spaltenverwerfungen in der Gegend
Langesund—Skien. Nyt Mag. for Naturv.
TornquisT, S. L.: Till spérsmilet om leptaenakalkens
alder, med anledning af G. C. vox ScHMALENSEES be-
stimning af densamma. (About the Age of the Lep-
taena limestone, on account of v. SCHMALENSEE’s deter-
mination of the same.)

Nartrorst, A. G.: Nigra ord om slipsandstenen i
Dalarne. (A few words about the Grind-sandstone in
Dalarne.)

Torxquist, S. L.: Nigra iakttagelser frin sommaren
1885 ofver omtvistade delar af lagerféljden inom Da-
larnes siluromriden. (Some observations on disputed
parts of the sequence of strata in the Silurian areas
of Dalarne made in the summer of 1885.)
Nicaorson, H. A. and Marr, J. E.: The Cross Fell
Inlier. Q. J. G. S. of London, Vol. 47.

ScuMaLkNsEE, G. C. von: Om lagerféljden inom Da-
larnes siluromriden. (On the Succession of strata in
the Silurian areas of Dalarne.)

Torxquist, S. L.: Nigra ytterligare anmirkningar
om leptaenakalken i Dalarne. (A few further Re-
marks on the Leptaena limestone of Dalarne.)
Torxquist, S. L.: Anmirkningar med anledning af G.
C. voN ScHMALENSEES uppsats »Om lagerfoljden inom
Dalarnes siluromriden». (Remarks with regard to v.
ScHMALENSEE’s Paper »On the succession of strata in
the Silurian areas of Dalarne.»)
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1894,

1896.

1897.

1897.

1897.

1906.

1907.

1907.
1910.
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AxpEersson, J. G.: Ueber Blocke aus dem jiingeren
Untersilur auf der Insel Oland vorkommend.
Hepstrom, H.: Geologiska notiser frin Dalarna. 1
och 2. (Geological notes from Dalarne. 1 and 2.)
StoLLry, E.: Ueber gesteinsbildende Algen und die
Mitwirkung solcher bei der Bildung der skandinavisch-
baltischen Silurablagerungen.

Hepsrrom, H.: Till frigan om fosforitlagrens upp-
tridande och forekomst i de geologiska formationerna.
(About the manner of appearance and occurrence of
the phosphorite-bearing strata in the geological for-
mations.)

SroLLEy, E.: Die silurische Algenfacies und ihre Ver-
breitung im skandinavisch-baltischen Silurgebiet.
Cowrer REeep., F. R.: The fauna of the Keisley
limestone. Q. J. G. S. of London, Vol. 53.

Kiagr, J.: Faunistische Uebersicht der Etage 5 des
norwegischen Silursystems.

TorxquisT, S. L.: Sundry geological and palaeontolo-
gical Notes. I. A retrospect of the history of the
Leptaena limestone.

WimaxN, C.: Ueber die Fauna des westbaltischen Lep-
taenakalks.

Wimay, C.: Studien itber das nordbaltische Silurgebiet. 2.
WarBurG, E.: Geological description of Nittsjo and
its environs in Dalarne.

ANGELIN In 1854 included this deposit in his »regio

Harparum» (DE), and in 1859 ScuMIDT pointed out its agree-
ment with the youngest Ordovician of Esthonia, the Bork-

holm and Lyckholm strata, on which occasion he also protests

against BARRANDE’s view of ANGELIN’s regio DE having to be
included in the Gotlandian. Even TornqQuisT in 1867 in his
first work on the Silurian of Dalarne collocates this »Up-
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per limestone of Dalarne» with AxGrLIN'sS regio DE and
KieruvLr’s Etage 5 a (»the Gastropod limestone») in Norway.
He places, however, this »Upper limestone» above the Upper
graptolite shales which he mixes up with the Trinucleus
shale. In 1869 ILixnarssoy expresses his doubts about the
succession of strata given by TOrnQuistT, and seems inclined
to place the »Upper limestone» (regio DE) below the shales.
In 1871 Torxquist changed the appellation »Upper limestone
of Dalarne»> to »Leptaena limestone». When therefore Lix-
NARrssoN immediately afterwards (1871) had separated the Up-
per graptolite shale from the Trinucleus shale, a conflict would
naturally have arisen between the opinion of the stratigraphy
of Dalarne and that of the Vestrogothian sequence, unless
the Leptaena limestone,is to be considered of »Upper Silurian»
age. This conception was advanced by Linxarsson, and he
therefore accepted TOrNQUIST’s view that the Leptaena limestone
layes on top of all the shales.

In 1874 Tornquisr still places the Leptaena limestone
highest in the table of the Silurian of Dalarna, and he de-
clares that the stratigraphical conditions on several places in-
dicate that the Leptaena limestone is really younger than the
other Silurian deposits, and in 1875 he comes out with the
idea that the Leptaena limestone is contemporaneous with
the highest part of the Scanian Retiolites shale. Anteceded
by the fauna of the Brachiopod shale, which fauna was rather
deficient in species, the fauna of the Leptaena limestone was
in all probability developed in parts of the world foreign
to us (in our Eastern neighbouring country?) contemporane-
ously with the Upper graptolite shales.

After a visit to England Torxquist (1879) was very doubt-
ful about the position of the Leptaena limestone in the succes-
sion of strata. Comparing the fauna of the Leptaena limestone
with that of Englands Llandovery he thinks of the possibility
of placing the Leptaena limestone between the Lobiferus and
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Retiolites shales. But if it were younger than the Retiolites
shales (and then belonging to Wenlock) we must imagine its
fauna, having immigrated at a late period into Dalarne, survived
there still after it had in England been obliged to give way to
a vounger fauna.

In 1882 TuLiBere, with some hesitation, places the Lep-
taena limestone side by side with the lower zones of the
Rastrites shale (Zone of Monogr. cyphus and Zone of M. gre-
garius Liapw.) whose presence has not been proved in Dalarne.
In 1883 Torxquisr, however, still places the Leptaena lime-
stone above the Retiolites shale. It cannot be inserted any-
where else, as the series of strata, neither between the Rastrites
shale and the Retiolites shale, nor between the Rastrites shale
and the Trinucleus shale shows any gap large enough to enable
the Leptaena limestone being accommodated. The rocks have
secondarily been displaced (probably due to undermining) which
prevents a clear observation of the relation between the Lep-
taena limestone and adjoining formations.

In 1884 Brocerr pointed out the great resemblance be-
tween the fauna of the Gastropod limestone and that of the
Leptaena limestone.

In the same year ScuMaALENSEE put in a good word and
tried to show that stratigraphical data also actually spoke in
tavour of placing the Leptaena limestone below the Rastrites
shales; it is certainly missing at this place in several other-
wise complete sections, but this is due to the stratum thin-
ning out there. Torxquist, who still sticks to this last point
of view, remarks in 1884 with reference to ScHMALENSEE'S
writing that the sections the latter had mentioned to support
his opinion are unreliable.

In laying stress upon the fact that the grind-sandstone
1s certainly lying immediately upon the Retiolites shale, Nar-
HorsT, in 1885, states that the only possible place for the
Leptaena limestone is below the Rastrites shale. Assucha
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thinning out as ScuMALENSEE opined does not seem plausible,
Narnorsr advances the hypothesis that the Leptaena limestone
was actually a coral reef, built up contemporaneously with the
Klingkalk. Rising above strata of the latter it was subse-
quently surrounded or covered by the Upper graptolite shales
{and the grind-sandstone). Secondary disturbances, caused by
the glaciers of the ice period, have probably taken place.

In 1886 Tornquist says that although a great part of
the fauna of the Leptaena limestone is such that that alone
would appoint to this limestone a lower position in the system
than the one he himself had allocated it as probable, yet
stratigraphical reasons seem to place insurmountable obstacles
in the wav of such an position.

In 1892 Torxquisr lodges a new protest on account
of a paper »The Cross Fell Inlier» by H. A. NicnoLsox
and J. K. Marr. The Keisley limestone mentioned there,
which has a certain similarityt o the Leptaena limestone,
both in the manner of its occurrence and the fauna, has
namely been considered to have reached its present posi-
tion by thrusting. TorNQuisr means now that we ought
also to take such a possibility into consideration when it is
a question of explaining the stratigraphy of the Leptaena lime-
stone. — In 1892 ScuMALENSEE again advocates his previously
expressed opinion. He considers himself having proved that
Colonus shale is lying concordant below the Grind-sandstone,
just like Retiolites shale upon Rastrites shale, and the latter
again (at Osmundsberget) directly upon Leptaena limestone.

In his reply to ScumMaLENSEE immediately afterwards Torx-
Quist (1892) savs that he now assigns greater importance to
the WSilurian fauna of the Leptaena limestone in the inquiry
relating to its age than he had done before, and he considers
that the stratigraphical conditions will be made to agree with
the preponderating character of the fauna.

J. G. Axprrssoy, in 1893, mentions the occurrence of



102 JOITI. CHHR. MOBERG. THE SILURIAN OIF SWEDEN.

boulders of limestone containing Leptaena Schwidti TorNqu.,
consequently of the age of the Leptaena limestone, in the
[sland of Oland. The strata are with certainty accepted as
having rested in the vicinity of the coast of Oland. Wimax,
who (1907) more minutely examined the fauna in which he
had found 24 definable species, confirms ANDERSSON’s con-
clusion. TorxqQuisT, in his review of the point in dispute is-
sued by himself in 1906, lays still further stress upon his
point of view, when he says: »Ever since that time (1892)
[ have been of opinion that the Leptaena limestone must be
placed between the Trinucleus beds and the Rastrites shales».

Warsure (1910) in her review of the Silurian of the
Nittsjo district also gives an account of the Leptaena lime-
stone.

That the history has been rather explicitly treated is due
to the fact that that part is of special interest in showing
how, by tackling one theory after the other, according to
their coming into vogue, an attempt has been made to get
out of the predicament we had got into. We see therefore
in this question a theory of migration (partly in connection
with a relict-theory), a theory of dislocation and a theory of
thrusting, each in its turn brought forward as possibly con-
taining a solution of the problem.

4. The Trinucleus beds.

The thickness of the Trinucleus beds is estimated by Torx-
QuisT at 30 to 50 m. At Fjecka we find both the bottom-
stratum and the overlying black Trinucleus shale well expo-
sed. The continuation of the strata upward can be traced at
Vikarbyn, Nittsjo, Gullerdsen and Skattungsbyn. Just as in
Vistergotland, the stratum is principally formed of shales.
Just as there, quite thick limestone beds are interstratified,
though. In the zonal division given by TorxqQuisT we have
a lower limestone bed, »Masur limestone», and an upper
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one, viz. the grey limestone interstratified between the black
and the red shale. According to Warsure (1910), even the
Upper limestone bed may at some places be developed as a
Masur limestone.

The »>Masur limestone»> (curled limestone), sometimes also
called sKnyckel limestone», is a 10 to 15 m. thick bed of
hard, grey nodulous limestone, whose uneven banks are tra-
versed by calcite. Determinable fossils are not found in it.
As has been said, it occurs at Fjecka where it lies directlv
over the Macrourus limestone. The lowest part of the I'rinu-
cleus bed has also been met with outside Dalarne with the
development just mentioned. Masur limestone exists namely
at Rodbergsudden in Ostergstland where it directly overlies
the Macrourus limestone [see page 20 in Explanation to the
map-sheet Motala. Sver. Geol. Unders. Ser. Aa, No 102 and
Wimax 1907, »Studien iiber das Nordbaltische Silurgebiet,
IT]. Boulders of Masur limestone are mentioned by Wimax,
l. c., also from the North-Baltic Silurian area.

3. The Chasmops beds.

The Chasmops beds were by TornQuisT (1883) divided up
into three divisions, viz. (from the top downwards) the Bryozoan
stratum, the Cystidean stratum and the »Flagkalk» (Haky lime-
stone). The Bryozoan stratum, about 9 m. thick, is com-
posed of alternating marl-shale and thin limestone bands. The
stratum, whose highest part TOrxqQuisr at first under the
‘name Grey Trinucleus shale included in the Trinucleus bed,
is found at Fjecka and Kargirde. Amongst the fossils may
be mentioned Orthis dorsata His., Orthis biforata Scuvorh.,
llaenus Linnarssoni Howm, I. parvulus Horm and Chasmops
maximus SCHMIDT. Although Chasmops macrourus SiOGr. is
not found here, the general character of the fauna no doubt
entitles us to call it Macrourus limestone. The Cystidean
limestone (Eschinosphaerite limestone) is, according to TorNquisT,
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found at Kargirde, Fjecka, Vika (parish of Mora), in Solleron
Island, at Enan in the parish of Orsa, Orsbleck, Aberga,
Gullerdsen, Osmundsberget Mountain and Nittsjo. Its thickness
is given as about 15 m. As previously mentioned, we consider
the »Flagkalk» as a transition bed, or perhaps most nearly
corresponding to the Ancistroceras limestone.

2. The Orthoceras limestone.

The Orthoceras limestone is the Silurian deposit most
widely distributed in Dalarne. At Kargiirde, Fjecka, Vikarbyn,
Skattungsbyn, Sjurberg and Granmor this stratum is easily acces-
sible. Its whole thickness is estimated at 30 to 50 m. We
have previously mentioned the division of this deposit into
zones, which well agree with those of the Orthoceras lime-
stone of the Middle Sweden in general. A circumstance of more
general iuterest ought no doubt to be specially emphasized here.
In the »>Upper red Orthoceras limestone» interstratifications of
shale are common. According to TOrNQUIST the fauna in the
shale 1s said to be homogeneous right through the whole division
and distinct from the fairly varying trilobite fauna thatappears
in the limestone. As dominant genera in the shale he mentions
Agnostus, Remopleurides, Cybele, Aeglina and Acidaspis. As
I have mentioned before, it looks as if amongst the trilobites
one could distinguish between such as preferably had their
habitat in shallow water, and such as have lived in deeper
water. The former, whose remains are now found in the
limestones, I would like to call titanophiles, the latter, which
are now found in the shale, I would on the other hand like
to call pelophiles.

With regard to the Orthoceras limestone we have only
to state that the Planilimbata limestone is at Skattungs-
byn replaced by Lower Didymograptus shale. The shale and
its fauna will be accounted for later on when describing the
graptolite facies of Skine. Here may only be mentioned that
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Horm in 1882 (» Ueber einige Trilobiten aus dem Phyllograp-
tusschiefer Dalekarliens» ), in thin layers or lenses of an impure,
green limestone embedded in the Lower Didymograptus shale,
found a peculiar trilobite fauna, in which, together with the fellow-
ing species described by HorLy, Pliomera Tornquisti, Megalaspis
Dalecarlicus, Ampyx pater, Agnostus Tornquisti and Trilebites
brevifrons, there was only a single previously known species,
viz. Niobe laeviceps DALM., a species, which unfortunately is
far too much spread vertically to enable one on its account
to more closely correlate this limestone with any other of
fully determined age. TuULLBERG, in 1882 (in the Expla-
nation to the map-sheet Vreta Kloster), believed himself able to
determine a couple of trilobites found at Berg in Ostergot-
land in a greenish-grey shale lying immediately below the
Orthoceras limestone, viz. Megalaspis dalecarlicus Horm and
Ampyr pater Horm, and wanted to include the shale in
question in the Ceratopyge limestone. MOBERG and SEGERBERG
consider (1906, page 21 in »Bidrag till kiinnedom om cera-
topygeregionen etc.») TULLBERG's definition of the two trilo-
bites in question erroneous, and presume the limestone
interstrafied in the Phyllograptus shale at Skattungsbyn to
belong to the transition between the Ceratopyge limestone
and the Orthoceras limestone. That it is not considered
vounger depends on the fact that certain of the fossils, viz.
Ceratopyge sp., Dicellograptus sp. and an Agnostus related to
A. Sidenbladhi Laxgs., indicate quite a close relationship to the
fauna of the first mentioned bed.

1.  The Ceratopyge beds.

The graptolite facies, which in the greater part of
Sweden characterizes the lowest part of the Ceratopyvge region,
viz. the Dictyograptus shale, is here altogether absent, and is
replaced by a shallow water deposit directly upon the weathered
primitive rock, and forms thus the oldest Silurian deposit



106 JOH. CHR. MOBERG. THE SILURIAN OF RWEDEN.

of the Siljan district. Nor was any layer corresponding to the
Ceratopyge limestone (the Apatocephalus zone), which in other
localities forms the main portion of the upper part of the
region known of here until Wivax ip 1906 was able to prove
such a one at Sjurbers.

TornqQuist (1874) looked upon the Obolus limestone as
the oldest stratum of the Silurian of the Siljan district, and
he subdivided it into two layers, an upper Obolus limestone
(»gruskalk») and a lower, Obolus conglomerate, of which some-
times one and sometimes the other may be missing. The
thickness of the entire deposit (including the Ceratopyge lime-
stone) 1s at the most 2 to 3 metres, but may drop to
scarcely '/, m.; which is the case at Sjurberg, for example.
The conglomerate forms as a rule the chief part of the deposit.

The Ceratopyge limestone at Sjurberg, 0.14 to 0.16 m.
thick, consists of a greenish-grev, compact limestone, here and
there with portions containing plenty of glauconite. Besides
fragments of archaean rocks sprinkled in, small nodules of phos-
phorite and fragments of Obolus shells there is here also found
a brachiopod, Lycoploria laevis SroLLeY, which Wiman looks
upon as a characteristic fossil for the Ceratopyge limestone.
No trilobites are found here. WimaN also mentions for example
limestones and clays from Vikarbyn, Kérgirde, Skattungsbyn
and Briamabo, which he considers as possibly being equivalent
to the Ceratopyge limestone.

The Obolus limestone is, according to TOrRNQUIST, a cry-
stalline, shingly, white or green limestone with grains of
glauconite. Wmnrax, again, characterizes the Obolus Ilime-
stone at Sjurberg as a glauconite sand with fragments of
archaean rocks and phosphorite grains. The Obolus conglo-
merate, which after the original place of discovery wasat first
called the - Klittberg conglomerate», is a gray mass of limestone,
enclosing minor, rounded pebbles of quartz and felspar, as well
as phosphorite concretions from the size of a pea to-that of a wal-
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nut. According to J. G. ANDERssox (1896, » Ueber cambrische
und silurische phosphoritfithrende Gesteine») the bulk, which to a
large extend is formed of grains of quartz and other fragments
of the underlying weathered archaean, is sometimes deficient
of calcium carbonate, often, however, cemented together
with a crystalline calcite. Among the stones in the con-
glomerate are mentioned, besides those from the rock ground
and phosphorite, also such of phosphoritic sandstone and
jasper.

Both in the limestone and in the conglomerate Obolus
Apollinis  Ercaw. is abundantly met with; Mickwirz men-
tions from here also O. triangularis Mickw. The fossils
occur, however, mostly in a very fragmentary condition. As
Obolus sandstone in Esthonia, as Mickwirz (1896) has shown,
alternates with layers of Dictyograptus shale, the Obolus con-
glomerate 1s, of course, to be looked upon as equivalent to
the latter. According to Wimax's assumption the Obolus
limestone would rather correspond to the Ceratopvge lime-
stone.  Obolus Apollinis would then have come in secundarily
from the underlying conglomerate.

Besides Klittberg, where the Obolus conglomerate was
observed by H. vonx Posr already in 1844, Obolus beds have
been found at Vikarbyn, Gulleriasen, Sjurberg and Bick.

The conglomerate forms, as a rule, the chief part of
the strata in question, which only in exceptional cases may
reach a thickness of more than 2 m.

From the history relating to the Obolus strata the follow-
ing may here be mentioned:

When we first made the acquaintance of the Obolus
beds in Dalarne, we were, to begin with, rather uncertain about
their place in the succession of strata. In 1871 TorxquIsT
wanted to place them amongst the Cystidean limestone (or at
their upper limit), which was, however, corrected by SrtoLrE
in the same year; the latter stated (in the Report of the
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Phosphorite Commission, pages 5 and 39) that their place
was between the Archaean and the oldest Silurian strata.

In 1882 TuLLBerc mentioned an Obolus-bearing glau-
conite shale found between Koping and Borgholm, as well as
at Karlevi in the Island of Oland, which shale he paralleli-
zed with the Obolus conglomerate of Dalarne, and HoLm,
in the same year, mentioned a conglomerate with fragments
of Paradoxides shale and Olenus shale in an Obolus-bearing
cement, found at Horn in the Island of Oland under the
greensand there, which conglomerate he looks upon as a
connecting link between the Obolus strata of KEsthonia and
the Obolus conglomerate in Dalarne. Herewith the position
of the Obolus beds in the sequence of strata may be said
to have been determined. That they can also be paralleli-
zed with the Dictyograptus shale by reason of Mickwrrz's
observations, has already been previously mentioned.

Some deposits that probably come under this heading
are, besides those from Dalarne and Oland, also known of from
Ostergotland and Viistergotland. TULLBERG mentions namely
(in Explanation to the map-sheet Vreta Kloster) from Knifvinge
and Storberg a greensand lying between Planilimbata lime-
stone and Dictyograptus shale. And as a formation belonging
to a shallow water facies treated of here we may very likely
also reckon the sandstone underlying the Dictyograptus shale
at Knifvinge, which was described by Horm in 1885 (»Om
Vettern och Visingséformationen»).

Boulders of Obolus sandstone were found by Wimax in
the Fanton Island in the Singé-fairway near Osthammar.
This sandstone has therefore, as one could already assume a
priori, been resting also in the North Baltic Silurian area.

¢) The Ordovician of the Island of Oland.

To the bibliography previously mentioned on pages
69—75 the following addition may here be made:
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1851. SjoGrREN, A.: Anteckningar om Oland, ett bidrag till
Sveriges geologi. (Notes on Oland, a contribution to
the Geology of Sweden.) Ofvers. Kgl. Vet.-Ak. Forh.

1883. RemerLk, A.: Uber die versteinerungsfiithrenden Dilu-
vialgeschiebe des norddeutschen Flachlandes.

1893. Awnperssoy, J. G.: Uber Blocke aus dem jiinge-
ren Untersilur auf der Insel Oland vorkommend.

1893. AxperssoN, J. G.: Uber das Alter der Isochilina
canaliculata-Fauna.

1896. AxpEersson, J. G.: Uber cambrische und silurische
phosphoritfithrende Gesteine aus Schweden.

1906. Hepstrom, H. and Wimax, C.:  Beskrifning till blad
5 etc. Sver. Geol. Unders. Ser. Al,a. (Explanation
to the map-sheet 5- etc.)

1907. Wimax, C.: Uber die Fauna des westbaltischen Liep-
taenakalks.

It has already been mentioned in the preceding pages
how a trilobite facies is predominant almost throughout the
Ordovician system of Oland. As the rockground, especially in
the southern part of the island, on the vast barren lands (the
»Alfvar») is lying quite exposed, the sequence of strata could
be followed with all the requisite care, right from the base
of the Ordovician up to the Echinosphaerite limestone, which
i1s the youngest silurian stratum here.

The upper part of the Ordovician is namely only repre-
sented by boulders, which yet partly occur very plentifully
and at some places form such large, connected parties as to
make one believe at first that it is solid rock. On account
of the abundant boulders, especially in the country round
Hulterstad, J. G. AxpErsson distinguished (1893, »Ueber
Blocke — — — auf der Insel Oland vorkommend») here
several horizons, viz.:

Limestone with Leptaena Schmidti TorNQU. (voungest).

Red marl shale and limestone with Trinucleus sp.
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Grey marl shale and limestone with Trinucleus seticor-
nis His.

Macrourus limestone (oldest).

The ILamestone with Leptaena Schmidti, whose fauna
was in 1907 described by Wimax, is both faunistically and
petrographically developed as lLeptaena limestone, and there-
fore represents the Brachiopod shale. As the two middle ho-
rizons belong to the Trinucleus bed, all the divisions, Brachio-
pod shale, Trinucleus shale and upper Chasmops limestone,
which are not found in the rocky floor, are vet represented
here by the boulders in question.

Whereas boulders belonging to the three upper horizons
have only been found on the east coast, in the neighbour-
hood of Hulterstad, boulders of Macrourus limestone have
been observed at several other places, not only upon the east
coast, as for example at Stendsa and in Ossby brook S of
Griisgird, where the boulders are lying as if it were solid
rock, but also on the west coast, at Eriksore and Borgholm,
at the swimming-baths.

The Macrourus limestone, which was mentioned for the
first time in 1851 by SjoGrEN and had already then been
correctly stated as being vounger than the other limestones of
Oland, received the appellation of Macrourus limestone by
REMELE in 1883. After liixyarssox, in 1876, had shown that
its place in the sequence of strata must be the upper part of
the Chasmops beds, absolute unity regarding its age has always
existed. J. G. ANDERssoN proved in 1893 that some boul-
ders characterized by Isochilina canaliculata Xrauvsk, about
whose age there was some uncertainty, are to be included here.

The Lower Chasmops limestone, or Kchinosphaerite lime-
stone, is only met with in northern Oland, where it occurs
along the west-coast from Persniis, in the S.) to Boda, in the N.

We have previously accounted for the various zones of
the Orthoceras limestone, and, as the division into zones has
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originally been settled for Oland, we have here only to men-
tion that on the whole the zones run in the form of narrow
bands in the lengthwise direction of the island — the youngest
in the east, the older ones in their proper order farther to
the west. The oldest, the Planilimbata limestone, is (just
as the Ceratopyge limestone) pretty often only exposed in
the cliffs that are generally formed by the western margin
of the limestone suite. It is, however, worth stating
that the Asaphus limestone has here a somewhat different
development than is generally the case. Through a bed crowded
with Sphaeronis pomum GYLLENH. it is divided into two parts,
Upper and Lower Asaphus limestone, of which the latter one
is mostly (yet by no means always) of a grey colour, whilst the
Upper Asaphuslimestone is generally formed by a thickly banked,
reddish, rarely white, crystalline limestone. The Lower Asa-
phus limestone corresponds in every respect with that of the
mainland — Asaphus expansus L. is not found in Oland, though
— but nothing to correspond to the Upper Asaphus lime-
stone is found elsewhere. The fauna of this latter is almost
exclusively composed of small forms, which seem largely to
be undescribed yet.

We have here also to remember the conglomerate with
Strophomena Jentzschi GaGeL, which according to J. G. Ax-
DERSSON is a litoral deposit equivalent to Oland’s Lower Asa-
phus limestone. The cement in the conglomerate is a light-
grey limestone, partly coarsely crystalline, partly compact,
more rarely merging into a coarse-grained, glauconitic sand-
stone with a cement of calcite. Besides the leading fossil
there have here also been found Platystrophia biforata SCHLOTH.,
Illaenus sp. and others. Of the embedded stones, phospho-
rite and phosphorite sandstone, those of the first mentioned
kind bear fossils belonging to all parts of the Upper Cam-
brian. The description of rock just given refers in the first
instance to a boulder found by J. G. ANDErssoN at Sten-
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dsa, in Oland. Subsequently similar such have also been
found in Gotland and Gotska Sandén. The conglomerate
was first observed by GAGEL (1890) as boulders (»Geschiebe»)
in  Kast-Prussia, but its age could not be determined until
J. G. AxperssoN had proved the occurence of Str. Jentzschi
in the Lower Asaphus limestone at several places, at Hill-
udden, Byerums Sandvik and Horn, all of them situated in
northern Oland. According to J. G. AxpErssox (1896) it
is probable that the conglomerate rests upon Lower Cambrian
sandstone, whereas other (‘ambrian deposits must have been
either denudated off or also never happened to be deposited
in the middle Baltic Silurian area.

The Ceratopyge region is particularly well developed in
Oland. We find namely here from the upper part of the re-
cion both Ceratopyge limestone and Ceratopyge shale, and of
the lower part not only the litoral beds, the Obolus conglo-
merate, but also the deep water deposit, the Dictyograptus
shale with all its subzones, of which more further on.

The Ceratopyge limestone, which in the southernmost
occurrence at Ottenby is both well developed and easily ac-
cessible, is of a leight grey colour there; including the glau-
conite beds it has a thickness of something more than 1
metre. At the northernmost occurrence, from which this
limestone is certainly known in Oland, viz. in the section
hetween Koping and Borgholm, it is, on the other hand, of
a reddish brown colour. — Besides the limestone there occur
at Ottenby glauconite layers (glauconite limestone, shale and
sand). Below these deposits come alum shales, Ceratopyge shale,
in  which Shumardia pusilla Sars, Ceratopyge forficula SARS
and other fossils have been found. It has not been possible
to draw a sharp faunistic boundary between the Ceratopyge
limestone and the Ceratopyge shale.

The underlying Dictyograptus shale could from a point
slightlv 8. of Ottenby be traced at or near the. shore along
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the west coast right up to St. Dalby (a little to the north
of Kastlosa), but it must thin out there, as it is entirely ab-
sent in the sections immediately north of the spot named.
Deposits coming under this heading could thereafter not be
proved until north of Borgholm, where they were found at
scattered points, viz. at Aleklinta, at Grénviken (SW. of Djup-
vikshamn) and at Horns Ness. At Aleklinta an alum shale
is found whose upper, greater part is to be reckoned as Ce-
ratopyge shale, but whose lower part bears Dictyograptus fla-
belliformis  Eicuw. This alum shale is sometimes underlain
by a conglomerate deposited in hollows on an anthraconite
(with Agnostus pisiformis L.), which again is separated from
the strata of the Tessini zone by an alum shale and a con-
glomerate underlying this. At Gronviken we have exactly the
same sequence of strata, except that no Dictyograptus is re-
ported as having been found in the upper alum shale. But
in the upper conglomerate, which quite resembles the corre-
sponding one at Aleklinta, the graptolite mentioned is
found in the cementing rock, together with a thick-shelled
Obolus (probably O. Apollinis), Olenus sp., A. pisiformis L.
var. obesus BELT and Agnostus pisiformis L. The conglomerate,
which at Horn is subjacent to the Dictyograptus shale, rests
there directly upon strata of the Tessini zone. In the cement
of the conglomerate at Horn there are found, besides Obolus
Apollinis Eicuw., a mixed assortment of Paradoxides Tessini
L., Olenus gibbosus W AHLENB., as well as Agnosti.

Finally, J. G. AxprrssoN has found in the Northern
tongue of Oland boulders of a sedimentary breccia in which
great, angular pieces of a limestone belonging to the zone of
Paradoxides oelandicus SIOGR. are cemented by a conglomerate-
like stink-stone. In this latter were found Obolus and also (as
is common 1in these conglomerates) Agnostus pisiformis. — It
looks as if the stratum underlying the Obolus conglomerate
were of a greater geological age the farther north we come.

8
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d) On the Silurian boulders at Humlenéds in Smaéland.

Since Ordovician (and Cambrian) strata have been stated
to rest at Humleniis, a few words about them ought here to
be said.

Literature:

1826. Hisinger, W.: Underrittelse om Lager af petrificat-
forande Kalksten pi Humleniis i Calmar Lin m. m.
(Some information about strata of fossil-bearing lime-
stone at Humleniis in the Kalmar Lén etc.) Kgl. Vet.-
Ak. Handl. for ar 1825,

1878. Linnarsson, G.: De paleozoiska lagren vid Humlenis
1 Smiland. (The palaeozoic strata at Humlenis in
Smoland.) Sver. Geol. Unders. Ser. C, N:o 28.

1892. De Geer, G.. [Yttrande med anledning af E. Svep-
MARKS foredrag om forekomsten af kalksten och sand-
sten vid Humleniis]. (Remarks on E. SVEDMARK’s
lecture concerning the occurrence of limestone and
sandstone at Humlends.) G. F. F. Bd 14.

1904. Svepmarx, E.: Beskrifning till kartbladet Oskars-
hamn (Explanation to the map-sheet Oskarshamn).
Sver. Geol. Unders. Ser. Ac, N:o 5.

South of Lake Hummeln, situated about 16 km. N'W.
of Oskarshamn, Silurian boulders have been met with piled
up in such a way into a low, long and narrow ridge running
SE. (i. e. in the direction of the glacial striae) that some be-
lieved that Silurian was resting there. The first to mention
the occurrence was HisiNGER. He was of opinion that the
Orthoceras limestone, exactly like the Grey Limestone in
Oland, existed here as solid rock. LixyarssoN, who stated
the height of the locality above sea-level to be about 60 m.,
proved that also Red Limestone existed there. From here he
knew of the following Silurian rocks: Limbata limestone, Asa-
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phus limestone, stink-stone with Agnostus pisiformis L. (but no
alum shale), Paradoxides shale and Lower Cambrian sandstone.
He further mentions boulders of a breccia which is also found
in situ in the Archaean rocks at the lake-shore (here first ob-
served by Narnorst) and in which pieces of Archaean rocks are
held together by a pretty fine gravel generated through weathe-
ring of the rock  Lixyarssox considered the Silurian still to
remain as solid rock here, or at least in the neighbourhood.
SVEDMARE, who in 1891 was able to prove through digging
that the limestone does not remain here, mentions further in
1892 that similar Dboulders (both sandstones and limestones)
were found more occasionally both NE. and SE. of Lake Hum-
meln. He says too, that no other breccia-deposit than the pre-
viously mentioned one had been met with, so that we could
not obtain any support thereof for the assumption that a disloca-
tion had occurred here, and that the solid rocks from which
the boulders originate were to be sought for at the bottom
of the lake.

This was, however, Dt GEER’S opinion, and he says that
it did not appear to him as if there were any reason to aban-
don the opinion held till then, that the Silurian had there
been protected from total erosion hy means of faults. In 1904
SveDMARK, besides his previous statements, gives a list of those
strata  that are represented in boulders at Humleniis. These
strata are: Lower Asaphus limestone, Limbata limestone, Pla-
nilimbata limestone, stink-stone with Agnostus pisiformis (ob-
viously the same rock as accompanies the Obolus conglomerate
in northern Oland), Tessini sandstone, Oelandicus shale and
Lower Cambrian sandstone. Manifestly influenced by DE GEER’s
above rendered statement, SvEDMARK now also wants to seek
the mother rock for the Silurian boulders of Humlenis at the
bottom of lLake Hummeln.

As no solid rock could be proved to exist at Humlenis,
and having certain knowledge from Oland of quite considerable
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portions of Silurian having been moved a long distance in an
almost continuous condition, and as L.ake Hummeln is situated
tfar to the west of the western limit of the Baltic Silurian
area, I consider that the theory of the Silurian remaining at
the bottom of Lake Hummeln is unjustified and incorrect.'

B IT and B III: The Ordovician of Sk&ne (and correspon-
ding deposits in other parts of Sweden).

a) The Ordovician of Skéne.

(Compare the scheme on p. 19.)
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As we have previously indicated, it is characteristic of
the Scanian Ordovician that graptolite-bearing shales predomi-
nate, although trilobite-bearing shales and limestones are by no
means rare in certain horizons or in certain parts of the province.
Strata built up of eruptive material so common in the Ordo-
vician of England seem to be totally missing here, whereas
traversing diabase dikes are very common. The Silurian of Skéne
forms altogether a belt 15 to 20 km. wide, which from the
south-eastern corner of the province stretches about for 100 km.
towards NW.  where the Mesozoic beds begin, whereafter
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the Silurian is not again exposed until at Kullaberg in the
north-westernmost part of the province. The Ordovician beds
occupy quite a small part of this Silurian area, but is yet
found represented at several places within its different parts,
both in the extreme NW. and in the extreme SW. and in
between. Apart from the small occurrence at Kullaberg (Ny-
hamn), where only a few strata of the Ordovician are exposed,
one can observe a certain dissimilarity in the development
of the Ordovician in the south-eastern occurrences and of those
that are situated closer to the north-western end of the Silurian
band, or the onme we want to call the western part. In the
eastern area beds coming under this heading are known of
at Jerrestad and Tommarp, in the country east of Hoby—
Hammenhog-—Smedstorp, between Borrby and Hannas, at Liode-
rup, in the district between Bollerup and Tosterup, in Kviirre-
stad, from Flagabro up towards Andrarum, as well as east of
Andrarnm, besides which such are to be found at Kiviks-Esperad
(N. of Stenshufvud Mountain), where there occurs a small party
isolated from the remaining Silurian. In the western district
we include the Figelsing and Rostinga areas, as well as that
of Rifvatofta (situated SW. of the latter), from where how-
ever only so called Orthis shale is known. The difference
between the two areas we thus distinguish, consists mainly
in the fact that in the eastern part trilobite-bearing horizons
a little more often interstratify the graptolite-bearing shales,
or also that the formation of the former horizons continued
for a longer period, so that the gaps, which owing to the depo-
siting of the trilobite-bearing beds must enter into the succession
of the graptolite zones, become greater the further in the N'W.
we get. If we compare, for example, the succession of strata at

g, in western Skine

Jerrestad, in eastern Skane, with Iigelsin
(see Mosere 1910, »Geological guide through the valley Jerre-
stad—Tommarp»), we find that the Lower Didymograptus beds

arc only feeblv developed at IFigelsing, but, on the other
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hand, well at Jerrestad; the Upper Didymograptus shale and
the Lower Dicellograptus shale, again, which are both well
developed at Iigelsing, are absent at Jerrestad; the lowest
part of the Middle Dicellograptus shale is at Jerrestad (nor-
mally) developed as the zone of Dicranograptus Clingani CArg.
(such 1s also the case further to the SE. on the island of Born-
holm), whilst at Fagelsing it is characterized by Climacograptus
rugosus TuLnp., whereas the uppermost part of the beds, the
zone of Pleurograptus linearis Canrr., has only been met with
at Jerrestad.

Apart from such differences as must be considered to
he due in one respect or another to a different development,
there are other, so to say, secondary ones. As by no means
every zone is to be found in every area, but, on the contrary,
at some places one, at others another is absent, this may only
be due to the circumstance that in the Scanian plain thick
Quaternary deposits pretty often, conceal one or another part
of them, or also, and rather often to tectonic causes. In the
Scanian Silurian plications are certainly rare, as compared
with that in the Moffat district of Scotland, for example, but
slight faults are all the more common, through which one or
another part of the strata, which upon the whole are quite
level, may exceptionally happen to be concealed. I said excep-
tionally, because the downthrow (or upthrow) on the step
faults is generally inconsiderable, and the different parts are asa
rule depressed like a flight of stairs, so that yet on the abraded
surface the zones often enough succeed each other in re-
gular order.

As will be seen from our general table, the sequence of
the graptolite zones 1s normal, everywhere the same as in
other countries; a single exception (whether seeming or rcal,
[ do not venture to say) exists, though. In England the zone
of Dicellograptus anceps Nicu. forms the highest part of the
Ordovician. Here, on the other hand, D. anceps appears to
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be at home in a lower horizon than the zomne of Dicellograp-
tus complanatus Larw., which is also known from England.

As has already been pointed out previously, we have
nowhere a sequence of strata with a pure graptolite facies all
through the Ordovician; sometimes here, sometimes there in-
tercalated zomes with a trilobite facies are met with. As
an illustrative example of the succession of strata in separate
districts of the Scanian Ordovician, the following three local
tables may here be given.

The Fagelsang area(West-Skéne). | Roéstanga (West-Skéane).
Zone of Phacops eucentra ANG.
Zone of Stawrocephalus clavifrons |Zone of Staurocephalus clavifrons
Axa. Ana. and Dicellogr. complanatus
Larw.
|Zone of Ampyx Portlocks Barn.!

Calymmene dilatata TuLLs.
(= the Orthis shale)
and Climacogr. rugosus
TuLLs.

> Nemagr. graciles Hary

Diplogr. putillus HarL _
» Lennarssont TurLs. | Lower Dicellograptus shale (scarcely

| accessible).

[Calymmene dilatata TuLLB.
and

Z.one of
lClz'macog% rugosus TULLB.

iZoneof
|
|

¥

»  (lossogr. Hinckst Nicu.
»  Didymogr. geminus His. | Zone of Didymogr. geminus His.
(hardly accessible).
»  Phyllogr. typus HaLL
Orthoceras limestone (in the upper | Orthoceras limestone (hardly access-
part containing Trinucleus cosci-  ible).
norrhinus ANG.)
To be continued.

! In my »Geological guide through the valley Jerrestad Tommarp», on page
88, I have, when comparing the Silurian of East- with that of West-Skdne, by
mistake given the zone of Ampyx Portlocki for Figelsing too. The last men-
tioned species is certainly also found there, viz. together with Staurocephalus
clavifrons” ANG., but it would be more correct not to enumerate any separate
»zone of Ampyx Portlocki> for Figelsng, as has been done in my paper »Geo-
logical guide into the Silurian area of the Fogelsing district», published at the
same time [compare also the foot-note to page 117 in my »Geological guide to
Rostanga (with Lake Odensjon) and Skéralid»].



Tt

THE ORDOVICIAN OF SKANE. . 12

The Fagelsang area (continued) RoOstanga (continued)
Lower Didymograptus shale (feebly | (No lower strata visible).
developed). ‘
Zone of Apatocephalus (Ceratopyge
limestone).
Zone of Shumardia (Ceratopyge
shale).
Dictyo- Subzone of Bryogr. Kjerulfi Larw.

» Clonogr. tenellus LiNgs.
§ Dictyogr. flabelliformis Eicuw. and
\ Hysterolenus Tornquisti Muc.

graptus
shale »

Jerrestad—Tommarp (Bast-Skéane.)

Zone of Phacops eucentra Axa.
» Ampyx Portlocki Barr.
» Pleurogr. linearis Carr.
Dicranogr. Clingant CARR.
» Trinucleus coscinorrhinus Axa.
Orthoceras limestone
l Zone of Isogr. gibberulus Nich.
» Phyllogr. angustifolius Havi.
> Didymogr. balticus TuLLB.
Ceratopyge limestone (teebly developed).
Ceratiocaris shale (= Ceratopyge shale).
] Zone of Dryogr. Kjerulfi Larw.
Dictyograptus shale » Clonogr. tenellus Lixgs.
] » Dectyogr. flabelliformis Eicuw.

Lower Didymograptus shale -

Before we are going further in our account it might be
advisable to give a short review of the course of development
of our knowledge of the Ordovician of Skine, especially with
regard to the systematical arrangement of the graptolite-
bearing shales.

HisixGer, who as early as 1837 described a graptolite,
Diplograptus pristis from Draggi River in Dalarne, in 1840
also described some graptolites from Figelsing, viz. Diplogr.
teretiusculus and Didymogr. geminus. There could of course
at that time not be any question as regards their place in the
system. A real system for Sweden’s Silurian we did not
namely receive, as is well known, until 1854 by ANGELIN,
whose table, however, does not take any regard to the grap-
tolites, a class of animals that was then but little known. AN-
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GELIN mentions from his Regio Olenorum the occurrence of
Dictyograptus flabelliformis, for which he even wants to esta-
blish a new genus, Phyllograpta. When talking about the
fauna in his Regio Conocorypharum he says very peculiarly:
»Inter Zoophyta non nisi Graptolithi et quidem rarissime
occurrunt>.  This statement might easily be interpreted that,
if graptolites possibly occurred, they must in that case be
rare. As he knew Dictyograptus from his regio Olenorum,
he could have surmised the occurrence of graptolites even in
his Regio C(‘onocorypharum, which he (erroneously) supposed
to be the younger. In Regio Trinucleorum graptolites are said
to occur in great masses at some places. Kven from Regio
Asaphorum and Regio Encrinurorum the occurrence of rare or
very rare graptolites is stated.

In 1865 TorxqQuisT gave an account of his researches
into the Silurian of the Figelsing area. The chief value of
this publication lies in the local descriptions given therein.

In 1869 LinNarssoN determined the position and extent
of the »Lower graptolite shales» (= Lower Didymograptus shale,
now to day) for the province of Viistergotland. The Figelsing
strata mentioned by Torxquist, which LiNnNaRrssoN supposed to
come under this heading, belong of a certainty to the upper part
of the Dictyograptus shales. LiNNaRrsson in 1871 described Clono-
graptus (Dichograptus) tenellus from Hunneberg, which fossil
he stated to belong to the Olenus beds. The Dictograptus
shale, to which the fossil actually belongs, had namely at that
time not yet been separated from the former. This happened
namely first in 1875, in Lixxarssox’s account of his first
Scanian excursion. The denomination »Middle graptolite shale»
(= the Middle and Lower Dicellograptus shale, as well as the
(teminus shale, according to our terminology) he had intro-
duced already in 1874.

In his said work of 1875 Lixxarssox made a lot of
important contributions towards the Silurian geology of Skine
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In the Figelsing area he distinguished, besides a gree-
nish-grey shale with Lichas laxatus M’Coy, which is by him
included in the Chasmops limestone, also a black, thick-leaved
shale with Orthis argentea His. (commonly called Orthis shale),
which he hesitatingly wants to class with the Trinucleus
shale, furthermore »the Middle graptolite shale», which was
also quoted from Jimtland, and finally the zone of Plyl-
lograptus typus, which he wants to include in the »Lower
graptolite shale», if it is perhaps not merely an interstrati-
fication in the Orthoceras limestone. From Nyhamn Brachio-
pod shale is mentioned (from here, from Rostinga and from Jer-
restad, however, previously mentioned by LUNDGREN in 1874),
from Tosterup Dictyograptus shale and »>Middle graptolite
shale> and finally from Jerrestad-Tommarp Dictvograptus shale,
Ceratopyge limestone, »Lower graptolite shale», CChasmops beds
and Brachiopod shale. In another treatise of the same vear
Lixyarssox  described a peculiar trilobite fauna from the
»Middle graptolite shale: of Jimtland, amongst which we notice
especially Robergia (Remoplewrides) microphthalma, which is
afterwards also found in the Liower Dicellograptus shale of Skane.

TorxqQuisT also 1n 1875 accounted for his continued
researches into the geology of Skine. IHe proposes the de-
nominations »Dicranograptus shale> for the Middle. graptolite
shale, and » Phyllograptus shale> for the Lower graptolite shale.'
And for the first time 1t is held forth here how »we had far
too much enrolled the formation of the shales into periods
between the times for limestone deposits», and he savs that
»limestone strata and graptolite shales form two, not only
petrographically, but also palaeontologically, separate parallel

! Without being aware of this proposal of TorNQUIST'S, LINNARSSON, too,
in 1876 proposed the same appellations, but soon changed his mind (1879) on
account of the extent of his and TOorNqQuUIST'S zones of the same names not being
the same. ToOrNQuIsT included namely the zone of Phyllograptus typus in the
lower division, the Phyllograptus shale, whilst LixnNirssoNn wanted to include it
in the upper, the Dicranograptus shale.
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series of beds», thoughts which not until very much later
came into their full right in our geological table. He proves
that shale with Phyllograptus typus is at one spot in Fagel-
sing found above the Orthoceras limestone, which thus forms
a layer in the Phyllograptus shale; he considers however
that the Orthoceras limestone of Dalarne corresponds in its
entirety to the Phyllograptus shale and the dark Orthoceras
limestone of Skine together; the Dicranograptus shale, again,
corresponds mnot to the Cystidean limestone only, but is
presumably also equivalent in its upper part to a greater or
lesser part of the Trinucleus shale of Dalarne.

In 1879 Nicuorsox (with the support of LixnaARrssoxn’s
survey of the vertical distribution of the graptolite-types in
Sweden, issued at the same time) set up 5 graptolite zones
for Sweden, viz. the Dictyograptus shale = Tremadoc, the
Lower graptolite shale = Skiddaw, the Middle graptolite shale
= the Lower part of the Moffat series, the Upper graptolite
shale = the Upper part of the Moffat series or Coniston
mudstone, and the Upper Silurian = Coniston flags or True
Upper Silurian. His Upper graptolite shale would therefore
only correspond to our Rastrites shale. . Although NicHOLSON’s
table thus pretty well coincides with our present conception, it
very likely exercised no real influence upon the development of
our table, though. The testimony he bears to the reciprocity
that took place between the graptolite researches of England
and Sweden is, however, of interest. NicuoLsox says namely:
»In the first place, D:r Lixxarssox has shown (what British
palaeontologists have long been trying to prove) that certain
species and genera of Graptolites are restricted to certain very
definite horizons. He has thus added fresh force to the
opinion (which some have regarded as exceedingly doubtful)
that the graptolites may be safely relied upon as guides in
stratigraphical arrangement, their value in this respect being at
least equal to that of the Trilobites».
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In 1879 LixNarsson reported upon his continued re-
searches into the graptolite shales of Skiane. 'The »Middle
graptolite shale> is said to have been found at Nyhamn.'
Besides the statement of some new localities for the »Lower
graptolite shale» (Tosterup, Jerrestad and (islétshammar) a
minute account of the »Middle graptolite shale» at Fagelsing
is here given, so that we have the following series of strata
in descending order:

y. Zione of Orthis argentea His.

¢ » Dicranogr. Clingani CARg.

z. » Climacogr. Scharenbergi liarw.
0. > Diplogr. cfr mucronatus Hawr
T > (#lossogr. Hinckst HOPK.

7. » Didymogr. geminus His.

a. » Phyllogy. typus HaLL.

As the direct superstratum to the zone of Orthis argentea
had nowhere heen visible, it was impossible to quite cxactly
define the age of the zone, or to decide whether it belongs
to the Trinucleus beds or to the (hasmops beds. (At Jerre-
stad and Tosterup no Orthis shale is to be found betwecen
the 'T'rinucleus shale and the Dicranograptus shale.) Otherwise
Linnvarsson agrees with ToOrNQUuistT’s opinion, that his (Lix-
NARssoN's) »Middle Graptolite shale: is equal to the Orthoce-
ras limestone and the Chasmops limestone of other distriets,
and possibly also to the Trinucleus shale.

Apart from the zone of Nemagraptus gracilis Havrvn?
that was not discovered until later (by T'CLLBERG), and whose

! In the Explanation to the map-sheets Kullen and Hoganiis no Middle
graptolite shale is mentioned amongst the Silurian strata found at Nyhamn. But
in »Skdnes graptoliter. [» TUuLLBERG mentions that a shale belonging to the
middle part of the Geminus shale is to be found there.

* The leading fossil itself had, however, by TorNqQuIisT already in 1865
been mentioned and reproduced from Figelsang under the name of Dendrograptus
gracilis HALL, vet the locality then stated does not appear to be absolutely certain.

9
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place is between the zones ¢ and ¢ Linnarssox’s table coincides
well with that we have given on page 124; the difference
is merelely formal, as partly the name of the zone of Ch-
macograptus Scharenbergi has been exchanged for the appella-
tion »zone of Diplogr. putillus HarL>, which latter species
has a scantier vertical distribution, and partly the specics
mentioned by Linxarssox as Diplogr. cfr mucronatus HALL
was afterwards hy TvrLserG called Gymnograptus (Diplogyr.)
Linnarssoni.

In 1880 TrrLrBerG described the succession of strata at
Rostdnga. I'be table given at that time may here be cited
as far as it concerns the Ordovician.

Brachiopod shale: Lower Birkhill?

Gray shale with Phacops mu-
cronala.

Trinucleus shale: Upper Birkhill.

Loose, greyish-green shales with

bands of black graptolite shale.

d) with Staurocephalus clavi- = Zone of Dicellogr. ancep
frons, Phacops mucronata
ete.

¢) with Decellogr. complanatus,

Tyinucleus  Wahlenberge,
»Niobe lata Axc.» etc.

b) with Deplogr. truncatus, I). Lower Hartfell.
quadrimucronatus, D. folia- = Zone of Pleurogr. linearis.
ceus.

a) with Trinucleus and Ampyz.

Chasmops-limestone:

Alternating bands of grey shale
and limestone, lowest grapto-
lite-bearing.
¢) with Ampyz rostratus, Bey-

richia costata, Orthis ar-

gentea etc.
(To be continued.)
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(continued.)
b) grey shales with thin bands
of limestone.
a) with Climacogr. tubulife
rus,  Diplogr. foliaceus,
Orthis argentea etc.

= Zone of Plewrogr. linearis.

Middle graptolite shale:
Black shales.
(The highest zone) with Dicra-
nogr. Clingany,  Dicellog .
Lrorchhammeri, Climacogr. bi-
cornis ete.

= Zone of Dicranogr. Clingant.

In 1882 TuLLBERG, as an introduction to his description
of the Graptolites of Skane, published a synopsis of the se-
(uence of strata in the Scanian Silurian in general. It might
be appropriate to anticipate and make a few remarks concer-
ning the table given there.

In the same way as in the above quoted table from
Rostanga TuLLBERG here introduces amongst other zones even
some that he sets up merely on account of dissimilarity of
colour or some other petrographical habitus, or only on ac-
count of the absence of determinable or characteristic fossils.
This is manifestly done with the intention of afterwards,
without disturbing the numbering of the zones, if so would
be desired, being able to supplement the table, which TuLL-
BERG really also did at several passagesin the revised summary
published in the following year.

It must also be remembered that just that part of the
table belonging to the Ordovician presented greater difficulties
than its other parts. The Gotlandian of Skdne has namely,
as far as the graptolite-bearing shales are concerned, such a
great likeness to that of Scotland, that L.aArworTn's table of
the latter may very well be applied also to our shales.
And as regards the Cambrian of Skane, NarHorst and LiIx-
NARsSON had in every essential point settled a minute
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table. But the matter was quite different with the Ordovician
of Skane. LinvarssoN had certainly accounted for the suc-
cession of strata in what he called the »Middle graptolite
shale», but there was no detailed coherent table for the whole
series. Moreover, the dissimilarity in facies existing in the
graptolite-bearing shales in different parts of the province
was as yet unobserved, nor were we quite aware of the dif-
ference presented by the trilobite-bearing layers intercalated
here and there, not only in relation to those of the rest of
Sweden contemporaneous with them, but also amongst them-
selves. If we add to this that the small dislocations and
subsidences that are the rule in the Scanian Silurian are to
a great extent hampering in the unravelling of stratigraphical
problems, it will easily be seen that a general table applicable
to the whole of Skane could not possibly be given at that
time, just as such a one can hardly be said to be fully assured
in every detail even at the present time. TULLBERG’s table
may also be looked upon merely as a first attempt at giving
a total view of the Silurian of Skéne; at all events, as such
has been of great importance. Through its very mistakes
it stimulated to attaining a clearer insight into the subject.

That the table was only preliminary is also shown by
TuLLBERG himself in the summary in the German language,
issued in the following year, making not so few alterations
and additions, a circumstance that may easily be overlooked
by the Swedish reader. In the following we shall render the
table in the form it obtained in 7883.

Trusting that with these introductory remarks we have
in some measure contributed towards a better comprehension
of the conditions under which the table came into being, and
which must be taken into account when judging it we ren-
der here:




Upper Stage

wwiddle graptolite shales»)

Middle Stage (-»The
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TULLBERG'S table of the Ordovician of Skéne.

a) Zone of Climacogr. scalaris L.

b) ) Phacops mucronata Broxes.

c) Staurocephalus clavifrons Axc.

d) Marl shale without fossils

e) Zone of Nwobe lata Axc. and Dicellogr. complanatus Larw.
f) » Diplogr. prestes His.

g) » Diplogir. 4-mucronatus Hari

h) » Olive-brown, greyish-green shales with Zenucleus sp.

i) » Calymmene dilatata Turis. (= LixxagrssoN's Orthis
shale).

k) » Grey and black shales without fossils.

a) Zone of (lemacogr. rugosus TurLs.
#h) » » stylordeus Lapw.
#¢) Black shales without fossils

d) Zone of Trinucleus coscinorrhinus Axc.

e) » Dicranogr. Clingant Carn. («, 3 and 7)
=) » Climacogr. Vasae TuvLLs.
#g) Shales without fossils (« and /)

h) Zone of Coenogr. gracilis Havl

i) A thin band of phosphorite

k) Zone of Diplogr. putillus HaLu

) » Glossograptus sp.

m) > Gymmnogr. Linnarssoni TuLLB.

n) » Glossogr. cfv Hinckst Horxk,

Jwith Diplogr. perexcavatus
oy Larw. and Lonchogr. ova-
l tus TuLLp.
) ) ﬁ{with Pterogr. elegans Hory
o) > Didymogr. geminus His.

Iwith Dedymogr. bifidus Harvu

Larw.

?'l and Climacogr. confertus
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a) Zone of Phylloyr. cfr typus HaLn

‘The black Fagelsang lime-
a.l stone with Megalaspis

. limbate S. et B.
b) Orthoceras limestone ’

The grey limestone of
Eastern  Skane  with
Mey. planwilimbata Axc.

¢) Tetragraptus shale (»Lower graptolite shale»).

d) Ceratopyge limestone.

Lower Stage

d

The four zones marked * are met with only in the Island
of Bornholm (Denmark). The Dictyograptus shale, which in
TurLBERG's table is included in the Cambrian, or as TurLL-
BERG wrote, the Primordial Silurian, is there divided up into
two sub-zones, an upper of Bryogr. Kjerulfi Liarw. and a
lower of Dictyogr. flabelliformis Eicnw.

In the particularly well written, critical account of all the
literature on the Silurian of Sweden published by REMELE in
1883, he amalgamates the zones /, m and n in TULLBERG'S pre
ceding table into a single zone, which he calls the »Glosso-
graptus zone». REMELE remarks that the lowest of TvLLBERGS
zones just mentioned is equivalent to liinNarssox's »zone of
(rlossogr. Hincksi», a denomination that TULLBERG wanted
to avoid on account of Larworri’s doubts of the identity
between the Swedish and the English species.

The Explanation to the map-sheet I'rolleholm (1885) gives
with regard to the Silurian on the whole scarcely more than an
account of TULLBERG's researches. Yet the occurrence of Orthis
shale at Rifvatofta is mentioned here, as well as some interesting
results from a boring made from the hottom of a shaft in Stabb-
arp coal-mine, which is situated practically half way between
Rostanga and Figelsang. Silurian beds were found there at a
depth of nearly 57 m., Chasmops beds between 86 and 92

m., and shale belonging to the zone of Phyllogr. typus
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at a depth of 102 m., all reckoned from the surface of
the soil.

The account of this is interesting, as it shows that the
so called »Middle graptolite shale», which according to TuLr-
BERG should be 130 to 133" m., is here only about 10 m.
thick. In this connection it may be mentioned that TuLr-
BERG’s statements as to the thickness of the series of strata
are generally exaggerated; the existence of faults has namely
apparently been completely overlooked when calculating the
thicknesses.

The KExplanation to the map-sheet Lund, published in
1887, 1is also chiefly based upon TuLLBERG’s works; it is
only remarkable that on account of a misconception some
erroneous statements have crept in, such as for example, that
the sub-zone of Clonograptus fenellus has been put down as
»Tetragraptus bed», and that Dictyograptus should occur together
with Olenus.

In his interesting paper on the Cambrian and Silurian
Chorology of Western Kurope TtOrxquisT, amongst other things,
gives a review of the faunistic and bathymetrical conditions
existing during the various phases of the Silurian period in
different parts of our country too. A recapitulation of the
contents is outside the scope of our present work. Here will
be mentioned only such statements as are more remarkable
from a stratigraphical point of view. For the Ordovician
graptolite-bearing shales, that come above the Ceratopyge
limestone, he proposes the following table, deviating somewhat
from that of TuLLBERG'S:

TurLBERG (1882—1883). Torxquisr (1889).
Upper stage, the zones ¢ — c. Brachiopod shale.
d — h. Upper
v — k. Dicellograptus shale.
! Middle #rap

Middle stage, » » a — g.f

! In the Explanation to the said map-sheet this ligure is erroneously given
as 33.
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Middle stage, the zones h — o. Lower Dicellograptus shale.
Lower stage. Phyllograptus shale.

As will be seen from the table, TorNnQuisT reckoned the
zone ot Phyllograptus cfr typus as an upper bed of the Phyl-
lograptus shale, in which then the Scanian Orthoceras lime-
stone is interstratified. (With regard to the Orthoceras lime-
stone in other parts of Sweden he says that the physical con-
ditions, that cause the change of colour, also exercised their
influence upon the fauna.) The part of his »Lower Dicello-
graptus shale» which is above the Geminus shale together with
the »Middle Dicellograptus shale» are looked upon as equivalent
to the Chasmops limestone of other districts, with the Mac-
rourus limestone of which again is to parallelize the Bryozoan
marl of Dalarne. About the » Upper Dicellograptus shale it is
said that it distinguishes itself from the lower parts of the
same division by trilobites appearing in it at various levels
in greater profusion as to species and individuals, whereby these
upper beds approach those of the same age of the rest of
Sweden, which, besides the prevailing trilobites, bear also grap-
tolites.

In 1892 MoserG showed that the shale with Clonograptus
(Dichograptus) tenellus Lixrs. at Hunneberg does not belong
to the Olenid shale, but to the Dictyograptus shale, and in
another treatise of the same year he showed that TuLLBERG'S
zone of Trinucleus coscinorvhinus ANc. does not, as TULLBERG
had stated, lie above the zone of Dicranogr. Clingani, but has
its place immediately above the Orthoceras limestone, a cor-
rection which is of importance for interpreting the relation
between 'T'urLsrrG's zone of Climacograptus rugosus and the
zone of Dicranogr. Clingani. Even for the conception of the
Figelsing Orthoceras limestone the correction is of interest.
ANGELIN's statement that 7. coscinorrhinus also occurs in
the last mentioned strata, TuLLBERG had considered himself
obligced to doubi, as that could, of course, not fit in with
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the high position in the series of strata he (I''LLbErG) had
claimed for his zone of Trinucleus coscinorrhinus.

In the same year MoBerG described some new grapto-
lites from a zone that proved to be the youngest, and until
then unobserved, part of our »lower Didymograptus shale».

Hory, in 1895, described some graptolites from the Lo-
wer Asaphus limestone in Oland. As also Isogr. gibberulus
Nici., which characterizes the highest part of the Lower
Didymograptus shale, occurs amongst them, the lLower Asa-
phus limestone 1s therefore to be parallelized with the last
shale named.

In 1896 MoBERG in »Geologisk viigvisare inom Fogelsings-
trakten» vindicates his opinion that TuLLBERG’S zone of Cli-
macogr. rugosus and the zone of Dicranogr. Clingani are to
be looked upon as one and the same zone, only slightly dif-
ferently developed in various localities. He states namely
that the former is exclusivelv found in West-Skane, the
latter just as exclusively in South-eastern Skéne, furthermore,
that two of the three zones, which according to TuLLBERG
should have their place between the two zones in question,
are never found in Sweden, but only in Bornholm, whilst
the third, the zone of Trinucleus coscinorrhinus, had already
been proved to underlie the zone of Dicranogr. Clingani, and
finally that the faunas are also on the whole identical. —
Here (p. 20, note 1) doubts are also expressed as to the au-
thority for separating the zone of Phyllogr. typus from the
(Geminus shale. — In the same work the appellation »Shumardia
zone» is proposed for some beds found below the (eratopyge
limestone at Iagelsing and which were later on proved to
directly overlie the Bryograptus shale.

In 1898 Monerc described a trilobite Hysterolenus 1'orn-
quisti, which he had found in the lower part of the Dictyo-
graptus shale at Sandby, a discovery which, besides some obser-
vations made in Oland, later on (in 1900) induced him to
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make the statement that the Dictyograptus shale is to be looked
upon as belonging to the Ordovician (the Ceratopyge region).

In the last mentioned year WESTERGARD and T'ELLANDER
showed that beds at Fiagelsing characterized by (‘lonogr. cfr
Hexilis, which TuLLBErG in 1883 had mentioned as belong-
ing to the upper part of his sub-zone of Dictyograptus
Habelliformis, -but which in the Explanation to the map-sheet
Lund (and on this account also in MoBERG'S »(Greologisk viig-
visare inom Fogelsingstrakten») was reckoned amongst the Tetra-
graptus shale, really occupv the position stated by TULLBERG,
but vet form a zone or sub-zone of their own between the
Bryograptus shale and the Dictyograptus shale proper, or
the sub-zone of D. flabelliformis f. typica.

In 1901 Srtraxpymark found at a few places along the
Figelsing rivulet beds belonging to the lower Didymograp-
tus shale. Of them the beds of Phyllogr. cor SrrRANDMARK
are of especial interest, partlv by reason of the peculiar fos-
sil mentioned, but partly also on account of their appearing
to be interstratified in the Orthoceras limestone, from which
again the above named partial correlation hetween the Ortho-
ceras limestone and the Lower Didvmograptus shale becomes
manifest.

In the same year TOrNQUIST exchanges his earlier denomi-
nation of Phyllograptus shale for the name »Phyllo-"Tetragraptus
shale», and divides the latter up into five zones, of which the
highest, the zone of Phyllogr. cfr typus, by a gap filled by the
Orthoceras limestone, is separated from the lower zones of the
division, which are, in a descending order, zone of Isogr. yib-
berulus, zone of Phyllograptus densus 'T'orxQu. (= Ph. angustifo-
lius Harr), zone of Didymogr. balticus 'TurLLB. and zone of
Tetragraptus phyllograptoides 1INgs.

In 1902 MogerG adopts TOrRNQUIST'S zones now men-
tioned, but considers the name Phyllo-Tetragraptus shale un-
suitable. He proposes instead the name »Didymograptus shale»
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as embracing the Geminus shale, the zone of Phyllogr. typus
and the Lower graptolite shale (to the extent which Lixxarssox
gave to this term). The Geminus shale and the zone of
Phyllogr. typus then became the »Upper Didymograptus shale»,
the remainder the »Lower Didymograptus shale», a proposition
which Torxquist also afterwards (1906) adopted.

As the preceding summary shows, it was during the
twenty years immediately succeeding the publication of T'uLL-
BERG's table that chiefly the lower part of the Scanian Ordo-
vician, built up of graptolite-bearing shales with their inter-
stratified limestone bands, were gradually revised. The Bra-
chiopod shale is here really feebly developed, and therefore
hardly inductive to a closer studv. As we remember, TULLBERG
mentions as the highest stratum of the Ordovician a zone
of Climacogr. scalaris.  Already in the Explanation to the mayp-
sheet Simrishamn, [ pointed out that at least one of the few
localities, at which the »zone» was stated to occur, a Monogr.
cfr  tenuwis Porrr. was found, wherefore these beds must
be included in the Gotlandian; and quite latelv (1910) in
»(reological guide to Rostinga etc.» 1 have concerning another
of the stated localities mentioned how the beds W. of the
road towards Ask probably represent the zones of Diplogr.
acuminatus and  Diplogr. resiculosus Nicu. and consequently
belong to the Gotlandian. There is therefore probably no
actual reasons for the retention of T'ULLBERG'S said zone.

The next youngest deposits, corresponding to the 'I'ri-
nucleus shale and the Chasmops limestone in Vistergdtland
received no revision until in 1906 by Orix. In some
deposits coming under this heading and found in four
different areas, Jerrestad-Tommarp, Tosterup-Bollerup, Iigel-
sing and Rostanga-Rifvatofta, the rock in the upper part
consists chiefly of loose, grevish-green shale, generally defi-
cient in fossils, with subordinate interstratifications of partly
limestones, partly darker graptolite-bearing shales, in the
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lower part again of dark shales, generally highly graptolite-
bearing, with banks of hard siliceous limestone.

According to Orix the table for this part of the Ordo-
viclan sequence of strata is as follows:

Trilobite facies | Graptolite facies '

Zone of Stauwrocephalus

| i
1} «p |
|clavifrons ANG. and Phac- |
] |
|
|
|

. ’ ops eucentra ANG. | Zone of Dicellogr. com-
Trinucleus beds § : |
| Zone of Ampyx Portlocki planatus Lavrw.
Barr. and Asaphus ingens,
BARR. '

i
|
| ) ) |
{Zone of Pleurogr. linearis,
|

Zone of Ampyx rostratus Gare. .
Chasmops beds Sakrs and Calymmene |Zone of Dicranogr. Clingan)|
dilatata TurLs. CARR. or of Climacogr. |

rugosus TULLB.

Before we proceed to a comparison between Orix's and
TuLLBErG's tables it ought, perhaps, be stated that Phacops
mucronata BroxeN. and Niobe lata ANG. of the latter are, ac-
cording to OLIxN, to be called Ph. eucentra Axc.and Asaphus
ingens BArr. respectively. Apart from this we find, however,
that the difference between the two tables is pretty great.
Besides such zones as TULLBERG established, mostly on account
of the dissimilarity of the rocks, the zone of Diplogi. pristis
and the zone of Diplogr. quadrimucronatus are now also dis-
carded; the former because of Diplogr. pristis, which really
seems to be rather rare in Skine, having been found at Ro-
stinga at several horizons both in the Chasmops beds and
in the Trinucleus beds, the latter, again, because Diplogr.
4-mucronatus both in the Figelsing area and at Jerrestad
has been found in layers belonging to the zone of Dicranogr.
Clingani, wherefore it can not be set up as a leading fossil for
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a zone of its own. A novelty in the table given by Oy
i1s the zone of Dleurogr. linearis. This last zone, long known
from England, was found in Sweden first by Orix, who
discovered it at two places at Jerrestad, where it overlies the
zone of Dicranogr. Clingani and forms the highest part of the
Chasmops beds.

At Jerrestad, Tommarp and Roéstinga the boundary stra-
tum between the T'rinucleus beds and Chasmops beds is for-
med by a shale crowded with iron pyrites (partly in big
lumps). The Trinucleus shale has a particularly rich trilobite
fauna. OLIN enumerates 43 species, 13 of which are also met
with in the Silurian of Bohemia, with which country it has
even such a singular type as the genus .{/¢i¢ in common.
Among the graptolites found in the Scanian Trinucleus beds
Diplogr. truncatus liarw. is especially remarkable, because it
appears to occur everywhere plentifully in the lowest part of
the Trinucleus beds, where it seems to be especially common
in a horizon between the zone of Pleuirogr. linearis and the
zone of Dicellogr. complanatus.

The Chasmops beds, in whose upper part we find the
hard Orthis shale as local interstratifications, have a trilobite
fauna much more deficient in species than the Trinucleus
beds. Amongst 14 species occurring in the Chasmops beds
and mentioned by OuiN, the following only may be men-
tioned: Phacops macrourus SiOGR., Chirurus insignis BEvR.,
Lichas laxatus M’Coy, L. quadrispinus ANc., Remopleurides
6-lineatus A~NG., R. latus OriN, Cualymmene dilatata 'I'CLLB.,
Ptychopyge glabrata Axc. and Ampyxr rostratus Sars. 'The
lowest part of the Chasmops beds is formed by the zone of
Dicranogr. Clingani, which has plenty of fossils. OwLIx alleges
to have found a specimen of Dicranogy. Clingani in the zone
of Climacogr. rugosus at Fagelsing, which further confirms
‘the equivalence of the two zones.

From a systematic point of view OLIN's discovery ol
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Robergia  microphthalma lixrs. in the lLower Dicellograptus
shale at Rostinga 1s also remarkable. This species, which
in 1875 was first described hy ILixxarssox from the »Middle
graptolite shale of Jimtland under the generic name of
Remopleurides, is in 1903 again mentioned by Wrrax, who
also found Ogygiocaris dilatata together with it. As the Ogy-
glocaris shale, in which also Illaenus centaurus Anc. has been
found, is in other districts (at least partly) replaced by the
Centaurus limestone, we cannot avoid including the lLiower
Dicellograptus shale in the Asaphus region. At all events,
it is more closely related to the Geminus shale than to the
zone of Dicranogr. (lingani.

In 1907 Mosrra reproduced the Scanian finds of Pleu-
rogr. linearis and Robergia microphthalma and proved simulta-
neously how the division of the Dicellograptus shale proposed
by him harmonizes very well with the one used for the Moffat
Series. We obtain namelyv:

Upper Hartfell = Upper l
Lower Hartfell =Middle

Dicellograptus shale
Upper Glenkiln = Lower l

There i1s also drawn up a parallel table for the Scanian
Ordovician, which almost coincides with the one given in
page 19. The onlyv difference is that the zone of Trinuc-
leus  coscinorrlinus in  the parallelization of 1907 was
placed as high as possible in the Asaphus beds (so that it
was in a line with the zone of Didymogr. geminus, a practice
which was vindicated by the fact of this trilobite being found
in Norway in the Ampyx limestone (4 a f3), consequently,
above the Geminus shale proper (4 a a). But, as has already
been pointed out, at Iagelsing, the only Swedish locality
where the Geminus shale is both easily accessible and fully
developed, the species is never found in this latter, nor in
the next lower zone, that of Phyllogr. typus, but first in the
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underlying Orthoceras limestone. It is easyv to imagine that
the species appears somewhat sooner in Sweden than in Nor-
way, but it may also be possible that the species is titano-
phile (or pelophobe, as one might also call it) and reallv has
a preater vertical distribution than we know at present. At
any rate, it seems to me more correct to let the Scanian table
reflect, as faithfully as possible, the conditions directly observed
in Skane. And in that case the zone of Trinucleus coscinoryhinus
must in our table be moved down as has now been done.

In 1909 WgesrERGARD investigated the Dictvograptus
shale and its Dboundary layers. What had previously been
called Clonograptus cfr flexilis is now proved to be Clonogr.
tenellus Lings. var. Callavei Larw. The tripartition, which Wes-
TERGARD himself was already in 1900 able to state with regard to
the Dictvograptus shale at Figelsing, is now proved in many
other localities. At Jerrestad, in Skine, and at Gronhogen, in
Oland, the series of strata is complete, so that we find there
all the three consecutive sub-zones of the Dictvograptus shale.
With the exception of the zone of Clonogr. tencllus from
Hunneberg, known of old if also misunderstood, the two upper
sub-zones of the Dictyograptus shale had until then not been
known of outside Skine. WursrErGARD has proved the middle
sub-zone, the zone of Clonogr. tenellus, besides at the previously
mentioned localities, also at Storberg in Ostergétland and
at Degerhamn in Southern Oland. Farther N. in Oland, only
the oldest sub-zone, the zone of Dictyograptus flabelliformis, is
found. — On the boundary between the highest Dictvograp-
tus shale, or the zone of Bryograptus RKjerulfi, and the Cerato-
pyge limestone, a shale crowded with fragments of a Ceratio-
caris (C. scanicus WD) is found at Jerrestad. On account of
its stratigraphical position this »Ceratiocaris shale», which 1s
also found at Akarpsmoélla in Western Skine, is considered to
be equivalent to the Shumardia zone or the Ceratopvge shale
of other localities.
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This review of that part of the Silurian literature which
concerns the Ordovician of Skine or similar formations at
other places has on the whole been limited to bringing out
such data as show the course of development of the strati-
graphical scheme. The purely palaeontological literature whose
importance as a ruling basis for the stratigraphy is here,
perhaps, more than elsewhere manifest, could therefore only
be considered in passing. In referring to the introductory
bibliography, which very likely includes all our more impor-
tant palaeontological works relating to the Ordovician grapto-
lite fauna of Sweden, it may here only be pointed out how
this fauna, apart from minor contributions by HISINGER,
Lixyarssox and Horm, has been treated chiefly by TOrx-
quist, TvLLBerG, MoBerG and WEsTERGARD. The fauna of
the trilobite-bearing strata occurring together with the grap-
tolite shales, or interstratified in them, has been described by
AxcEnIN, MOBERG, SEGERBERG and OLIN, besides which smal-
ler contributions have also been made by TuLLBERG, HoLy and
WhiAN. ’

As this work is only intended to give a concise review
of the Silurian of Sweden, we have generally abstained from
giving quite complete lists of fossils. As regards the grapto-
lite-bearing strata especially, the mere designation of the various
zones will very likely, on account of the analogous succession
of the graptolite faunas everywhere, give the contents of their
respective faunas minutely enough.

We have therefore furthermore only to present a summary
of the distribution of the various Ordovician graptolite
horizons in Sweden.

The Upper and Middle Dicellograptus shales have only
been found in Skane (the former at Rostinga, the latter at
Figelsang, Rostanga, Tosterup, Tommarp, Jerrestad and, less
accessible, also at Akarpsmolla and Léderup).

From the »black T'rinuncleus shale» of Dalarne, which is
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really equivalent to the lowest part of the Upper Dicellograp-
tus shales, TorxqQuisT, in 1890 and 1892, quotes the following
graptolites: Dicellogr. anceps Nicu., Diplogr. pristis His., Di-
plogr. truncatus liarw. and Lasiogr. margaritatus Liarw.
The Lower Dicellograptus shales occur typically developed
only at Figelsing and (scarcely accessible) at Réstinga, there-
fore exclusively in Skane.
Yet, from several reasons it looks as if the Ogygiocaris
shale of Jamtland might, partly at least, also be included here.
The Upper division of the Didymograptus shales is only
met with in Skiane. The Lower, on the other hand, has (uite
an extensive distribution, even if by no means all its zones
are developed everywhere it occurs. It has namely, besides
a lot of places in Skidne, also been met with in Vistergot-
land, Dalarne and Jdmtland. It is also possible that the
grevish-green marl, previously mentioned in this work, which
at Berg in Ostergotland directly underlies the Orthoceras lime-
stone, may partly be included here, even if only as a sort
of equivalent; in the Explanation to the map-sheet Vreta
Kloster some graptolites are namelv mentioned from there as
possibly  Phyllograptus and Didymograptus>. 1t has previously
been mentioned that the strata under this heading at Skat-
tungsbyn, in Dalarne, include a trilobite-bearing horizon. Even
at Tossisen in Jimtland such a condition occurs.
Dictyograptus beds are found in Skine, Oland, Ostergit-
land, Vistergotland and, at Tésjoberg, in Angermanland (ac-
cording to Winax 1903). At Sandby, in Skane, and at Ta-
sjoberg trilobite-bearing strata are met with in the lowest sub-
zone of these beds.

Before we close our account of the Ordovician it might
be advisable here to give a short review of the development
of the series in Jiimtland and Ostergétland, two of our most

10
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important Silurian areas, which have reallv been mentioned
in the preceding pages, although only cursorily.

The Ordovician of Jamtland.
Literature:

1837. Hisixger, W.:  Anteckningar i Physik och Geogno-
sie. H. 6. (Notes on Physics and Geognosy. Vol. 6.)

1872. liaxnNarsson, G.:  Anteckningar om den kambrisk-si-
luriska lagerserien 1 Jemtland. (Notes on the Cambro-
Silurian series of strata in Jémtland.)

1875. Laxxarssox, G.: En egendomlig Trilobitfauna frin
Jemtland. (A peculiar Trilobite-fauna from Jimtland.)

1894. Winan, C: Uber die Silurformation in Jemtland.

1894. Housom, A.: Geologisk beskrifning 6fver Jemtlands
lin. (Geological description of Jimtland’s Lin.) Sver.
Geol. Unders. Ser. C, N:o 140.

1897. Hory, G.: Om DBohemilla (?) denticulata Lixrs. och
Remopleurides microphthalmus Lixrs. (On B. denti-
culata Lixrs. and R. microphthalmus Lixgs.)

1897.  Wnax, C.:  Kambrisch-silurische Faciesbildungen in
Jemtland. Bull. Geol. Inst. Upsala. Vol. 3 (1896—97).

1900. Wnrax, (.: Eine untersilurische Litoralfacies bei
Liocknesjon in Jemtland. Bull. Geol. Inst. Upsala.
Vol. 4 (1898—99).

1903. Wmay, (.: Uber Robergia microphthalmus Lnxs.
und Triarthrus jemtlandicus Lxs.

In Jimtland one of our largest Silurian areas is found
in the neighbourhood of Lake Storsjon. Hence the Silurian
continues as a narrow zone along the eastern margin of the
Mountain range, both to the NNE. and to the SSW. To-
wards the West it appears as if the silicic matter in the rocks
increased quite considerably, so that quartzites play a great
part in the Silurian rocks here; but no doubt as to the
classification of these formations amongst the Silurian need
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arise. Close up to the Norwegian frontier, both to the V.
of Lake Storsjon and i the Northernmost part of Jimtland
mica slate and gneissoid rocks, which some want to include
in the Silurian, are met with. They would in that case be
highly metamorphosed sediments, but from the Bergen penin-
sula, in Norway, we have an example of Silurian fossils pre-
served in a mica slate. It is for these western Mountain
districts that Torxesonm in 1894 (p. 66, 2:nd ed. of his
Grunddragen af Sveriges geologi ) proposed the denomination
West-Scandinavian Silurian facies (subsequently also called the
>mountain facies» of the Silurian), to distinguish it from the
Silurian of an eastern or normal facies. According to TorNE-
Boin, this »mountain facies distinguishes itself by the defi-
ciency of limestones; and greenstone-material derived from erup-
tions in these districts during the deposition of the strata is,
on the other hand, plentifullvy encountered in the deposits he-
longing to this »facies». In certain Silurian strata of kKng-
land there certainly enters a large amount of eruptive mate-
rial, but something resembling our so called »mountain Silu-
rian> has to my knowledge nowhere there been developed.
But whatever the case may be, I consider myself in a position
to leave the »mountain Silurian» quite out of the account,
as I shall now proceed to the Ordovician of Jimtland.

In 1872 Lixxarsson for the first time gave an account of
the Silurian of Jimtland. It was not until 1894 that we
received a new one from Wiiax, whereof I shall give a
short summary here. Winuax's later report of 1900, as
well as the few additions which I myself am able to make,
will also be given.

The Brachiopod shale is here a grev, rusty shale with
numerous twisted, mostly indeterminable impressions of brachio-
pods. Only few of the fossils, viz. Encrinurus multisegmentats
Porrr.,, Atrypa crassicosta Datn., Strophomena rhomboidalis
Wirckexs and Plasmopora conferta ¥. H. could be determined
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as to their species. This shale is especially widely spread in
the area N. of Lake Storsjon. Amongst the localities are
mentioned Lejtorp, Berge, Ange, Kjénsta and Ede in the
parish of Offerdal, as well as Viistbacken in Alsen.

No Trinucleus shale is encountered. Wniax, in his
table of 1594, certainly hesitatingly mentions a »black shale»
between the Brachiopod shale and the Chasmops limestone,
but in the text he says that he never found the substratum
of the Brachiopod shale. In 1900 he also mentions houlders
of a greenly Trinunclens-bearing shale from Tand.

Chasmops limestone is certainly mentioned already in 1594,
but then only as Doulders, which seemed originally to have
been embedded in (black) shale. In 1900 Wniax was able,
howewer, to mention from the neighbourhood of Lake Lockne-
sjon some green limestones with shale coming under this
heading and remaining at Tand, Lappgrubban, and several
other places. Partly from the solid rock, partly from boul-
ders, there are amongst other fossils mentioned Asaphus
ludibundus 'TorxqQu., Illaenus fallax Horm, 1. gigas Horx
and Caryocystis granatum WAHLENB. The Chasmops limestone
is here seen overlying the Orthoceras limestone.

The Ogygiocaris shale, which was mentioned by LINNARS-
soN as belonging to the Chasmops limestone but is now
considered to be a facies of the highest part of the Orthoceras
limestone, is sometimes, as ¢. g. at Giile, in Anders6, Nordero
and Uté Islands, at Onsvedsbiicken and Lake Ricksjon in the
parish of Sunne, as well as at Bolisen in the parish of Oviken,
developed as a Dblack shale with lenses or thin bands of a
black limestone in which trilobites and numerous, but badly
preserved, graptolites occur. At Ringsta, in the parish of
Lith, and Osterisen, in the parish of Hiiggenis, the shale
contains only some scattered limestone ellipsoides, which there
reach a good size. Amongst the fossils may be mentioned
Ogygiocaris dilatata BRrONN., Triarthrus jemtlandicus Lixus.,
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Dicellocephalus Billingsi 1axrws., Robergia microphthalma lixNgs.,
1llaenus centaurus ANG., Ampyr rostratus SAvs, Chirurus exsul
Beyr., ])id?/mogr. sp., Dicellograptus sp., Diplogr. teretiusculus
His. and Nemagraptus sp. We seem therefore to have species
together here, of which some are known from the Centaurus
limestone, some, again, from the Lower Dicellograptus shale.

The  Orthoceras limestone proper has a wide distribution
in Jéimtland. From the northernmost locality, Hafsnis in
the parish of Alanis, it can, in scattered occurrences, he traced
southward across the frontier of the province and into Hirje-
dalen, where its southernmost occurrence is Higgingsiasen, in
the parish of Linsill. It is particularly well developed in the
country N. of Brunflo, and between Brunflo and Ostersund.
Wniax was able to distinguish in this area Limbata, Asa-
phus, Gigas and Platvurus limestone. The limestone has
here a thickness of 37 m. Amongst other localities may
be mentioned Andersé Island, Tossisen, Klofsjo and Skal-
iingen, at which last mentioned place it has a thickness up
to about 90 m. In the country round lLake lLiocknesjon the
Orthoceras limestone has a peculiar development. It is there
partly represented by the so called »Loftar stone», with which
its strata also sometimes alternate, and from which it seems
difficult to separate it with certainty. The Loftar stone, which
is only through a sedimentary breccia separated from: the
underlying Archaean rock, whence it has received the bulk
of its material, can replace not only the Orthoceras limestonc,
but also a portion of the Chasmops limestone. The Loftar
stone, which may have quite a varying size of grains, but
is always well stratified, sometimes contains larger stones and
boulders of Archaean rock, alum shale and Orthoceras lime-
stone. As has been mentioned, the rock may without limits
merge into Orthoceras limestone. Wiiax also mentions an
»Orthoceras conglomerate>.

In its typical development the Orthoceras limestone of
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Jimtland is generally very impure, mixed with clay. 'The
clayey material may sometimes be accumulated between the
various limestone banks or in their superficial parts, sometimes,
again, in the shape of thin crusts, it divides the entire mass
of the bank into small, irregular parts, whereby the rock can
get an appearence resembling mosaic.

The Phyllograptus shale, which formes the substratum of
the Orthoceras limestone, is a grevish shale with trilobite-
bearing limestone in scattered lenses or continuous bands embed-
ded 1n it. This shale has been found at Mdorkullatjirn, at Nis
(at Lake Niickten), at the Bilsta River and Mjila in the parish of
Mysjo, at Tossisen, as well as between Skilan and Skalingen.
Wniax enumerates among the ordinary fossils from this zone,
strange to sav, also Clonogr. tenellus lixgs., found in black
shales from a pit in Loke (parish of Lockne). The Phyllograptus
shale may possibly also occur at Klofsjo, where I found grev
shale between the Orthoceras limestone and the subjacent stratum.

The Ceratopyge limestone. As such [ consider a few lime-
stone bands, which I found, both at Tossisen and at Klofsjo,
directly overlying the Olenid shales. At Tossdsen, where
these layers are specially easily accessible, there is above the
stink-stone with Ctenopyge flagellifera Axc. first a loose layer
containing plenty of material derived from the Olenid shale,
on top of that a band of knobby limestone richly sprinkled
with glauconite, and than a couple of layers of a purer
limestone, compact or fine-grained, crystalline, its colour shift-
ing from a light to a dark grey. Kven in the upper part
of the limestone one can find some lump or other of stink-
stone, although such are rare there. I have here found
Orthis Christianiae XJERULF, Niobe lacviceps AnNc. and a Ciyi-
tometopus, possibly foveolatus Axc. It is, however, difficult to
get the fossils from the splintery limestone. In a similar
rock found S. of Klofsjo, which I also want to include here,
I have, besides some apparently as yet undescribed Brachio-
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pods, found a Niobe insignis lixgs., and a Megalaspis steno-
rhachis AnG.?  The rock, which in this highly dislocated area
has been subject to strong pressure, is traversed by fine,

straight fissures only noticeable by their darker colour.

The Ordovician of Ostergétland.
Literature:

1875. Torxquist, S. li: Berittelse om en geologisk resa
genom Skines och Ostergotlands paleozoiska trakter
sommaren 1875. (Account of a geological jeurney
through the palaeozoic districts of Skine and Oster-
gotland, in the summer of 1875.)

1582, Lixvarssox, G. and TULLBERG, S. A.: Beskrifning till
kartbladet Vreta kloster. (Kxplanation to the map-
sheet Vreta Kloster.) Sver. (ieol. Unders. Ser. Aa,
No. 83.

1855. Homny, G.: Om Viittern och Visingséformationen.
(On the Lake Viittern and the Visingsé formation.)

1887, Joxssox, J.: Beskrifning till kartbladet Motala. (Ex-
planation to the map-sheet Motala.) Sver. Geol. Un-
ders. Ser. Aa, No. 102.

1903.  Wmay, C.: Ett nytt fynd af Obolussandsten i Oster-
gotland. (A new discovery of Obolus sandstone in
Ostergotland.)

1905. Bromeera:, A.:  Beskrifning till kartbladet Vadstena.
(Explanation to the map-sheet Vadstena.) Sver. Geol.
Unders. Ser. Aa, No. 130.

1909. Waesrercarp, A. H.: Studier o6fver Dictyograptus-
skiffern och dess grinslager. (Researches into the
Dictyograptus shale and adjoining strata.)

The Silurian area of OstergGtland, whose northern mar-

gin practically follows the Gota Canal, forms in the map a

wedge-shaped portion with the thin end of the wedge towards

the east, whilst the base of the wedge, running along the
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eastern shore of Liake Vittern, from the northern slope of Om-
berg Mountain, stretches northward until a little way beyond the
town of Motala, situated at the mouth of the G6ta Canal. In
the extreme Kast, close to liake Roxen, we find the well
known Silurian localities of Berg and Knifvinge. Along the
(fanal we find, furthermore, in a westerly order, Skarpisen
(Ljung), Kungs Norrby and Vistanid (Husbyfjol), the latter
locality situated at the eastern end of lLiake Boren. On the
northern shore of Lake Boren is situated Storberg, at its
southern Ulfisa. All these localities belong to the map-sheet
Vreta Kloster. At the western end of lLake Boren we have
Borenshult, in the map-sheet Motala. On the shore of Lake
Viittern we find, in the map-sheet Vadstena, Borghamn and
Hofvaniis, immediately N. of Omberg Mountain and, a little
further in the N., Ullniis. Thereafter the Silurian in the map-
sheet Motala is exposed at several places right up to, and past,
Motala, NW. of which we have the well known locality of
N. Freberga.

In this area the following Ordovician deposits have been
proved.

Brachiopod shale. This 1s not found at more places
than Rasniiset, situated to the W. of Motala, where a green
shale with lumps and layers of a grey limestone, underlying
Gotlandian shales, rests upon red Trinucleus shale, from which
it is sometimes separated by a layer of a conglomerate-like
limestone with spheroids of Trinucleus shale; this conglo-
merate-like layer is about 0.5 m. thick.

Trivucleus shale.  Such is encountered, as mentioned,
at Rasniset. Furthermore, we find this formation at, and near,
Ridbergsudden (immediately S. of Motala), where, besides the
red I'rinucleus shale, also black Trinucleus shale and »Masur
limestone» occur. We have here thus strata with the same
development as in Dalarne. Black Trinucleus shale is also
met with S. of Ulfisa (in the map-sheet Vreta Kloster).
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Chasmops  limestone is also developed here. Of this
both the younger strata, the Macrourus limestone, and the
older ones, the Echinosphaerite limestone, are found. 'T'he for-
mer is met with W. of Ulfdsa, the latter partly at Karstorp
(somewhat S. of the eastern end of I.ake Boren), partly at
N. Freberga and the country round about there. Even from
Rodbergsudden and from S. Freberga, and several other
places S. and SE. of Motala, the occurrence of strata coming
under this heading is reported.

The Orthoceras limestone has, here as well as in many
of our Silurian areas, a wider distribution than any other
deposits of the system. This limestone was extensively quar-
ried for the construction of the Géta (anal in the beginning of
the 19:th century, and for building the fortress of Karlsborg.
A good many of the trilobites, which in 1827 were described
by Darnmax in his work: »Om Palwaderna eller de s. k.
Trilobiterna> emanate just from Ostergdtland. Amongst the
many localities may be mentioned Borghamn and Hofvanis,
where there are large quarries, Ullnds, Palsgarden and
Vadstena (all in the map-sheet Vadstena), furthermore
Vistanda (Husbyfjol), Storberg, Skarpasen (Ljung), Knifvinge
and Berg, all of them in the map-sheet Vreta Kloster. KEven
in the map-sheet Motala there are some strata somewhat SSE.
to N. Freberga, which probably come under this heading.
The older classification according to a regulary shiftning
colour has not proved itself applicable to the Orthoceras lime-
stone of Ostergotland. Tn his Explanation to the map-sheet
Vreta kloster, TULLBERG mentioned for Viistand the following
succession of strata in descending order:

Expansus limestone, greenish or (at another spot) red,

Grey limestone,

Heros limestone (with Megalaspis Heros ANG.),

Reddish limestone and

Planilimbata limestone.
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As has already been more minutely mentioned before,
there is found at Berg a greyish-green marl, which I sup-
pose to De a transition between the Orthoceras limestone and
the Ceratopyge limestone, but which TurLLsere hesitatingly
wants to include in the latter.

No (eratopyge limestone has heen proved. DBetween
the Orthoceras limestone and the Dictyograptus shale at
Viistand, Storberg, Palstorp and Knifvinge there is, however,
found a glauconitic marl, which, perchance, might also be
considered ecquivalent to the Ceratopvge limestone or Ceratopvge
shale, or to both. According to WusrErGARD the glauconitic
marl, which at Palstorp is separated from the underlying Dic-
tyograptus shale by a yellow marl, seems probably to thin
out at some places at Kuifvinge.

Dictyograptus  shale uanderlies the glauconitic marl at
all the places just mentioned. At Storberg, where it reaches
a thickness of up to 8,5 m., WesrercArp has also found
the middle sub-zone, characterized by Clonogr. tenellus Lixks.,
developed; otherwise only the lowest sub-zone is met with here.
It is characteristic of the Dictyograptus shale of Ostergstland,
that its lowest part at Storberg, Knifvinge and Viistana, 1. e.
everywhere it is visible, is replaced by a sandstone which is
at Vistand above 2 m. thick. This sandstone, which has
long Dbeen known, was first in 1905 determined by Winax
as »Obolus sandstone»; but this was only done for strati-
graphical reasons, as no fossils have been found in it. WEesTER-
GArp alleges, however, to have found some brachiopod shells
in the sandstone at Storberg.

Not only Obolus sandstone, but also »Obolus conglo-
merate» are very likely to be found in Ostergétland. Hora
mentions namely (1885) boulders of conglomerate with phos-
phorite concretions and rubbles of stink-stone derived from the
Upper and Middle (‘ambrian, as well as of quartz, which houlders
he discovered at the northern end of Omberg Mountain.



SERIES A, THE CAMBRIAN. 155

Some pieces of the concglomerate were found at the mouth
) g

of an abandoned shaft in Borghamn limestone quarry, where-

fore the rock must be considered resting there. Amongst
the others one was found strongly resembling the Obolus
conglomerate of Dalarne.

1727.

1751.

17538.
1821.

Series A. The Cambrian.
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NatHORST, A. G.: Om ndgra formodade vixtfossilier.
(On some supposed plant-fossils.) Ofvers. Kgl. Vet.-
Ak. Forh. 1873. Thesis for the doctor’s degree.
LixNARrssoN, G.: Tvd nya trilobiter frin Skidnes alun-
skiffer. (Two new Trilobites from the alum shale
of Skéne.)

Lixxagrssox, G.: Ofversigt af Nerikes 6fvergangsbildnin-
gar. (A Review of the »Transition formation» of Nirke.)
Lixyarssox, G.: Anteckningar fran en resa 1 Skénes
silurtrakter a4r 1874. (Notes from a journey in the
Silurian districts of Skane in 1874.)

Broceer, W. C.: Fossiler fra Oxna og Kletten. (Fos-
sils from Oxna and Kletten.)

TornqQuisT, S. Ii.:  Beriittelse om en geologisk resa ge-
nom Skines och Ostergétlands paleozoiska trakter, som-
maren 1875. (Account of a geological journey through
the palaeozoic districts of Skine and Ostergotland, in
the summer of 1875.) Ofvers. Kgl. Vet.-Ak. Forh.
Lixvarsson, G.: On the Brachiopoda of the Paradox-
ides beds of Sweden.

Linxagrssoy, G.: Geologiska iakttagelser under en resa
pa Oland (Geological observations during a journey
in Oland.)
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1877.

1877.

1878.

1879.

1880.

1881.

1881.
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Lixnarsson, G.: Om faunan i lagren med Paradoxides
6landicus. (On the fauna in the strata of Par.
oelandicus.)

Narnorst, A. G.: Om de kambriska och siluriska lagren
vid Kiviks Esperéd 1 Skane, jemte anmirkningar om
primordialfaunans lager vid Andrarum. (On the Cam-
brian and Silurian strata at Kiviks Esperdd in Skine,
together with some Remarks on the strata of the pri-
mordial fauna at Andrarum.)

Broccer, W. C.: Om Paradoxidesskifrene ved Krek-
ling. (On the Paradoxides shales at Krekling.) Nyt.
Mag. for Naturv. Vol 24 (1877).

LixNarsson, G.: Om faunan 1 kalken med Conoco-
ryphe exsulans (»Coronatuskalken»). [On the fauna
in the limestone with (‘onocoryphe exsulans (the »Coro-
natus limestones).]

Lixyarssox, G.: Om forsteningarna 1 de svenska
lagren med Peltura och Sphaerophthalmus. (On the
fossils in the Swedish strata of Peltura and Sphaer-
ophthalmus.)

TrLLserG, S. A.: Om lagerféljden i de kambriska
och siluriska aflagringarna vid Rostinga. (On the
succession of strata in the Cambrian and Silurian
deposits at Réstinga.)

TrrLBERG, S. A.: Om Agnostusarterna i de kambriska
aflagringarna vid Andrarum. (On the Agnostus spe-
cies in the Cambrian deposits at Andrarum.)
Naruorst, A. G.: Om aftryck af Medusor 1 Sveriges
kambriska lager. (On impressions of Medusae in the
(Cambrian deposits of Sweden.)

Nariorst, A. G.: Om spar af nigra evertebrerade
djur m. m. och deras paleontologiska betydelse. (On
tracks of some evertebrates etc. and their palaeonto-

logical significance.)
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Narmorst, A. (.: Om det inbordes forhallandet af
lagren med Paradoxides o6landicus och P. Tessini pi
Oland. (On the mutual relation of the strata of
Paradoxides oelandicus and those of Par. Tessini in
Oland.)

Dames, W.: Geologische Reisenotizen aus Schweden.
Zeitschr. d. D. geol. Ges.

Svexoxivs, F.o Om den s k. Sevegruppen i nord-
ligaste Jimtland och Angermanland samt dess forhal-
lande till fossilforande lager. (On the so called Seve
group in the northernmost part of Jiimtland and Anger-
manland, and its relation to fossiliferous strata.)
Narnorsr, A. G.. Om det inbordes éaldersforhallan-
det mellan zonerna med Olenellus Kjerulfi och Para-
doxides olandicus. (On the mutual age of the zones
of O. Kjerulfi and Par. 6landicus.)

Brogeer, W. (.. Die silurischen Ktagen 2 und 3
im Kristianiagebiet und auf Eker.

BrogGer, W. (.: Paradoxides Olandicus-niviet ved
Ringsaker 1 Norge. (The horizon of P’. dlandicus at
Ringsaker in Norway.)

Ho1y, G.: Om de viktigaste resultaten frin en som-
maren 1882 utford geologisk-palaeontologisk resa pi
Oland. (On the most important results of a geolo-
gic-palaeontological journey in Oland, made in the
summer of 1882.)

Lixyarsson, (.0 De undre Paradoxideslagren vid An-
drarum. (The lower Paradoxides strata at Andrarum.)
TuvrLLBERG, S. A.: Forelopande redogorelse for geolo-
giska resor pia Oland. (Preliminary account of geolo-
gical journeys in Oland.)

TUvLLBERG, S. A.: Skines graptoliter. I. (The Grap-
tolites of Skine. I.)

TvrLuserc, S. A.: Ueber die Schichtenfolge des Silurs
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1884.

1885.

1885.

1886.

1886.

1886.

1587.

1888.

1888.

1890.
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in Schonen, nebst einem Vergleiche mit anderen gleich-
alterigen Bildungen. Zeitschr. d. D. geol. Ges.
Narnorst, A. G.: Upplysningar till geologisk dfver-
sigtskarta Ofver Sverige utgifven af Sver. (reol. Un-
ders. Sodra bladet. (HExplanation to a geological general
map published by the (eol. Surv. of Sweden. South-
ern sheet.)

Svenontus, F.: Nagra profiler inom mellersta Skandi-
naviens skifferomrade. (Some sections in the slate-
district of the middle Scandinavia.) Geol. For. Forh.
NarHorst, A. G.: Om kambriska pyramidalstenar.
(On Cambrian Pyramidal stones.) Ofvers. Kgl. Vet.-
Ak. Forh.

Naraorst, A. G.: Om de sandslipade stenarnas fore-
komst 1 de kambriska lagren vid lugnis. (On the
occurrence of the sand-ground stones in the Cambrian
strata at Lugnis.) Ofvers. Kgl. Vet.-Ak. Forh.
Narmorst, A. G.: Nouvelles observations sur des
traces d’animaux et autres phenomenes d’origine pure-
ment mécanique décrits comme »algues fossiles».
Brocarr, W. C.: Om alderen af Olenelluszonen 1
Nordamerika. (On the age of the Olenellus zone in
North America.) Geol. For. Forh.

Hory, G.: Om Olenellus Kjerulfi Lixgs.  (On Ole-
nellus Kjerulfi Lixgs.)

Linpstirom, G.: List of the fossil faunas of Sweden.
[.  Cambrian and Lower Silurian.

ScumipT, F.: Ueber eine neuentdeckte untercambrische
Fauna in Ekstland. Mém. de I'Ac. Imp. des Sei.
de St.-Pétersbourg. Ser. 7, T. 36.

Houst, N. O.: Om en miktig qvartsit, vngre iin
olenus-skiffer. (On a thick quartzite younger than the
Olenus shale.) Geol. For. Forh. ‘Bd 11.

Horay, G.: Férsteningar frin Lappland insamlade af
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1892.
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1892.

1893.

1893.

1893.

1893.
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E. MortsELL.  (Fossils from Lappland, collected by
E. M) :
Scuio1z, O. E.: Sparagmit-Kvarts-Fjeldet langs Gran-
sen 1 Hamar Stift og 1 Herjedalen. (The Sparagmite-
Quartz-rock along the frontier in the diocese of Hamar
and in Hérjedalen.) Nyt. Mag. for Naturvid. Christi-
ania. Bd. 32.
MoBErG, J. C.: Om en nyupptickt fauna 1 block af
kambrisk sandsten insamlade af dr N. O. HorLst. (On
a newly discovered fauna in boulders of Cambrian
sandstone, collected by etc.)
MozserG, J. C.: Om Olenellusledet i sydliga Skandi-
navien. (On the Olenellus beds in southern Scandinavia.)
Beretning om Forhandl. ved det 14:de Skandinaviska
Naturforskermddet 1 Kjobenhavn.
MoperG, J. C.: Till fraigan om pygidiets byggnad
hos Ctenopyge pecten SALTER sp. (On the structure
of the tail of Ctenopyge pecten SaLTer sp.)
ScHMALENSEE, . C. vox: Om lagerfoljden inom Da-
larnes siluromriden. (On the succession of strata in
the Silurian areas of Dalarne.)
Horm, G.: Sveriges kambrisk-siluriska Hyolithide och -
Conulariidee.  (The Cambro-Silurian Hyolithidae and
Conulariidae of Sweden.) Sver. Geol. Unders. Ser. (
No. 112.
Axperssoy, J. G.: Note on the occurrence of the
Paradoxides olandicus zone of Nerike. Bull. Geol.
Inst. Upsala. Vol. T (1892—93).
Wimax, C.: Ueber das Silurgebiet des Bottnischen
Meeres. 1. Bull. Geol. Inst. Upsala. Vol. I (1892—93).
Horsr, N. O.: Bidrag till kiinnedomen om lagerfolj-
den inom den kambriska sandstenen. (Contributions
to the knowledge of the succession of strata in the
Cambrian sandstone.)

11
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1896.

1896.

1896.

1897.

1898.

1899.
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Wiman, C.: Ueber die Silurformation in Jemtland.
Bull. Geol. Inst. Upsala. Vol. I (1892—93).
Warrerius, I. D.: Geologiska studier i Vestergétland.
(Geological studies in Vistergétland.)

Warrerius, I. D.: Undersékningar o6fver zonen med
Agnostus laevigatusi Vestergotland jimte en inledande
ofversikt af Vestergétlands samtliga Paradoxideslager.
(Researches into the zone of Agnostus laevigatus
and introductory notes on all the Paradoxides beds
of Viistergétland.) Thesis for the doctor’s degree, Lund.
HepstrOM, H.: Geologiska notiser fran Dalarne. 3
och 4. (Geological notes from Dalarne. 8 and 4.)
Mosere, J. C.: Geologisk viigvisare inom Fogelsings-
trakten etc. (Geological guide to the Fagelsing district
ete.)

AxperssoN, J. G.: Ueber cambrische und silurische
phosphoritfithrende Gesteine aus Schweden. Bull.
Geol. Inst. Upsala, Vol. II, Part 2 (1895).

Wman, C.: Kambrisch-silurische Faciesbildungen in
Jemtland. Bull. Geol. Inst. Upsala. Vol. III(1896—-97).
MoserGg, J. C. and MoLLEr, HJs.: Om Acerocare-
zonen. (On the Acerocare zone.) — With a supple-
ment by MOBERG.

MoBerg, J. C.: Sveriges ilsta kinda trilobiter. (The
oldest known trilobites of Sweden.)

Horm, G. and Muxthe, H.: Kinnekulle, dess geologi
och den tekniska anvindningen af dess bergarter.
(Kinnekulle, its geology and the technical use of its
rocks.) Sver. Geol. Unders. Ser. C, No. 172.
BromBERG, A. and HoryM, G.: Geologisk beskrifning
ofver Nerike och Karlskoga bergslag samt Fellingsbro
hirad. (Geol. description of Nirke, Karlskoga mining
district and Fellingsbro district.) Sver. Geol. Unders.
Ser. Ca, No. 2.
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1904.

1906.

1906.

1907.
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GrexwaLL, K. A.: Studier 6fver Skandinaviens Para-
doxideslag. (Studies on the Paradoxides beds of Scan-
dinavia.)

Mosera, J. C.: Bidrag till kiinnedomen om trilobi-
ternas byggnad. (A contribution to the knowledge of
the structure of the Trilobites.)

MoBEeRrg, J. C.: Schmalenseeia amphionura, en ny trilobit-
typ. (5. amphionura, a new type of Trilobites.)
Hormquist, P. J.: En geologisk profil 6fver den
skandinaviska fjillkedjan vid Tornetrisk. (A geologi-
cal section of the Scandinavian mountain range at
Tornetriisk.)

Wiman, C.: Paliontologische Notizen. 3—6. Bull.
Geol. Inst. Upsala. Vol. VI, Part 1 (1902).
Wiman, C:: Studien iiber das nordbaltische Silur-
gebiet. I. Bull. Geol. Inst. Upsala. Vol. VI, Part 2
(1902).

Persson, E.: Till kiinnedomen om Oleniderna i zonen
med Eurycare och Leptoplastus vid Andrarum. I. (On
the knowledge of the Olenids in the zone of Eurycare
and Leptoplastus at Andrarum. I.)

Wiman, C.: Palaeontologische Notizen 7---12. Bull.
Geol. Inst. Upsala. Vol. VII (1904 —5).

MuxTHE, De geologiska hufvuddragen af Vistgotaber-
gen och derAs omgifning. (The geological chief charac-
teristics of the Vestrogothian Mountains and their En-
virons.)

Naraorst, A. G.: Carl von Linné sisom geolog (C.
v. L. as a geologist.)

Mosgre, J. C.: Om ett gatfullt fossil fran Sveriges
olenidskiffer. (On a mysterious fossil from the Olenid
shale of Sweden.)

Wimax, C.: Studien itber das nordbaltische Silurgebiet.
II. Bull. Geol. Inst. Upsala. Vol. VIII (1906—-7.
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1908. MosEerG, J. C.: Bidrag till kinnedomen om de kam-
briska lagren vid Tornetrisk. (A contribution to the
knowledge of the Cambrian deposits at Tornetrisk.)

1909. GaveLiy, A.: Om underkambriska sandstensgangar vid
vistra stranden af Vinern. (On dikes of Lower Cam-
brian sandstone at the western shore of Lake Vinern.)

1909. WaesrercArp, A. H. Studier éfver Dictyograptusskiffern
och dess griinslager etc. (Studies on the Dictyograptus
shale and adjoining layers etc.)

1910. MogEr:, Guide to the principal Silurian districts of
Scania (with Notes on some localities of Mesozoic
beds).

In this list are also to be included the Explanations to
the following map-sheets of the Sveriges Geologiska Under-
s6kning.

For Skine: Bastad (Humwer, 1877), Engelholm (A. LiND-
strOM, 1880), Ovedskloster (TurLBrrG, 1852), Trol-
leholm (NarHORST, 1885), Lund (DE GEER, 1887),
Vidtskofle (DE GrEr, 1889), Simrishamn (HoLsT, 1892),
Sandhammaren (MoBerg, 1895).

For Smiland and Oland: Ottenby (Muntng, 1902), Kalmar
(Mu~xTHE, 1902), Oskarshamn (Svepmarxk, 1904), Mon-
steras and Hogby (Muxtne & HepstrOM, 1904) and
sheet 5 of Ser. Al,a (HrepstrOM & Wimaxn, 1906).

For Ostergotland: Vreta Kloster (LinyarssoN & TULLBERG,
1882), Motala (Jonsson, 1887), Vadstena (BLOMBERG,
1905).

For Vistergétland: Venersborg (Ser. Aa, by SipENBLADH, 1870
and Ser. Ab, by A. LinpsTrOM, 1887), Skara (MUNTHE,
1903), Skofde (Muntug, 1905), Tidaholm (MuNTHE,
1906), Falkoping (Mu~nTHE, 1906).

For Nirke: Latorp (Linxarssox, 1875).

As our table, page 22, shows, three different divisions are
distinguished n the Cambrian series: the Upper Cambrian
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or Olenus beds, the Middle Cambrian or Paradoxides beds
and the Lower Cambrian or Olenellus beds.

Already ANGELIN divided (1854) the strata coming under
this heading into three divisions, viz. Regio Conocorypharum,
Regio Olenorum and Regio Fucoidarum, of which the first
two represent the alum shale (with limestones embedded
therein), the last, again, the lowest sandstone. With Regio
Conocorypharum ANGELIN really designated only the strata
characterized by Paradoxides Forchhammeri. Their most
remarkable part consists of a limestone, from the only then
known Swedish occurrence, Andrarum, called the » Andrarum
limestone», which name was afterwards often used as a desig-
nation for the region in general. In 1868 ILixnarsson di-
stinguished in the Vestrogothian alum shale five divisions in
a descending order, viz.

5. Zone of Peltura' scarabaeoides and Sphaerophthalmus'
alatus.

4. Zone of Ewrycare' latum, Orthis lenticularis, Parabo-
lina' spinulosa, Olenus gibbosus and Agnostus pisiformis.

3. Zomne of Agnostus laevigatus.

2. Zone of Paradorides, granulated (therefore P. Forchham-
meri).

1. Zone of Paradoxides Tessini.

The lower part, the zones 7 to 3, was looked upon as
representing ANGELIN’s Regio Conocorypharum, whose place
under the Olenus beds was thereby given. LiINNARSSON, in
1869 in his great work on the Cambrian and Silurian depo-
sits of Vistergétland, adheres to the same classification. The
upper part, zones 4 and 5, he there calls »Olenid shale», the
lower »Conocoryphe shale»>, denominations which he exchanges
again (in his »Reise nach Béhmen und den russischen Ost-
seeprovinzen 1m Sommer 1872») for »Olenus shale> and
»Paradoxides shale». From the above mentioned table of

! LINNARSSON wrote Olenus.
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1868 it is already apparent that LinNarssox included the
zone of Paradoxides Tessini in the lowest division, a fact
which is worth remarking wupon, as it appears from Axce-
LIN'S statements that ANGELIN placed P. Tessini within his
Regio Olenorum.

Herewith the boundary between the Upper and Middle
Cambrian had certainly been determined, but the extent of
these two divisions was by no means the same as that in
our present table. The Dictyograptus shale was namely
united with the Olenus beds, and this classification was conti-
nued long after LINNARSSON (in 1875 in his » Anteckningar frin
en resa 1 Skines silurtrakter») had distinguished the highest
part of the Olenus shale as a zone of its own, the »Dictyo-
nema shale». It was not until 1900 that MoBErc proved
that the Dictyograptus shale belongs to the lower part of the
Ceratopyge region and must therefore be separated from the
Cambrian.

Even for the Paradoxides beds the condition was some-
what similar. Apart from the fact that before 1872 we had
not even an idea of the existence of the zone of Paradoxides
oelandicus, the lower limit of the Paradoxides beds was by
no means entirely determined at the time when LINNARSSON's
last named table came into existence. ANGELIN had certainly
already in 1862 grouped together with the lowest sandstone a
greywacke shale overlying it at Andrarum, but this greywacke
shale was soon after (1870) classed with the Paradoxides beds,
viz. by TorerLr, who from there mentions a Paradorides
Wahlenbergi, by which name the fossil described in 1871
by LinNarssoN as P. Kjerulfi must be meant, and which
LiNNARSSON at the same time stated to be older than
any other trilobite until then described from Scandinavia. In
1875 BrOGGER points out that Paradoxides Kjerulfi was very
closely related to Paradoxides (Olenellus) Thompsoni HALL, and in
1877 LinNArssoN says that, if genus Olenellus is to be retained
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as a separate genus, P. Kjerulfi must be included in it.
Finally BroeGer, in 1878 went a step further and wrote
Olenellus (Paradoxides) Kjerulfi. Even Linnarssox in his last
work (1882) has the term Olenellus IKjerulfi, but never-
theless, both he and TurLLBErG included the strata charac-
terized by the fossil in question in the Paradoxides shales.
In America, where the Olenellus fauna is splendidly develo-
ped, these strata were, under the name of Georgian assu-
med to be Middle Cambrian, whilst the Paradoxides beds,
which are called Acadian, were supposed to be Lower Cam-
brian. In 1886 BrOGGER showed, however, that in conformity
with the conditions in Scandinavia the Georgian must be ol-
der than the Acadian, something which, said en passant, Ame-
rican geologists were afterwards also able to prove directly.
In his work referred to BroGGER introduces the name »Ole-
nellus zone» for KJerurLr's Etagel b, 1. e. for the strata cha-
racterized by Olenellus Kjerulfii KJieruLr's Etage 1 a, the
sparagmite, corresponding to our lowest sandstones, was, how-
ever, not included in this zone. It was not until 1888,
when ScumipT had proved the occurrence of Olenellus together
with Mickwitzia monilifera LiNgs. previously known from the
so called Eophyton sandstone of Vistergétland, that it became
manifest that our lowest sandstone must also be included in
the Olenellus beds.

After we have now thus shown the way in which the three
divisions, into which the Cambrian is divided up, gradually had
their limits determined, we shall account a little more mi-
nutely for every separate bed.

A 3. The Olenus beds.

The strata coming wunder this heading are everywhere
developed as alum shale, with stink-stone embedded. This
stink stone occurs at several different horizons, either as scat-
tered ellipsoids or in real connected layers. At Billingen an
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impure coal, so called »kolm», which has lately been worked
for the production of radium, has also been found. At Kinne-
kulle HorLm has observed a conglomerate corresponding to the
zones of Orthis lenticularis, Parabolina spinulosa and FEury-
care latum, which zones, he states, seem to be absent there.
At the same place HorLm also found in some stink-stones
belonging to the Peltura zone some minor, vein-like lots of
flint. Such a flint has really already been reported from here
by LiNNg, and according to MunTHE it very likely also occurs
at Billingen.

Of special interest are the geological conditions at Mans-
berget Mountain, 20 km. NW. of the church of the parish Doro-
tea, in Visterbotten, mentioned by HorLsT in 1889 (>Om en
miktig qvartsit yngre dn olenusskiffer>). He gives from here
the following section:

Quartzite
Black shale s sammmmwsssmnenasas: 0,6 m.
Quartzite, resembling greywacke......... 0,7 »
Dark shale ... .. oo v 0,2 »
Quartzite, greenish, slatv.......... T 0,8 »
Dark shale ............coxsdmammmn oo oo omme 0,4 »
Quartzite, solid bank .. ... . e RS 0,6 »
Black shale .............. P T ... 4,0 »
Liimestone bed, resembling stink-stone.
Herein Olenus (gibbosus?)...... ... 0,5 »
Greywacke shale ... 2,6
Limestone bed with O. gibbosus .......... 0,6 »
Greywacke shale ..., 0,2 »
Limestone bed ... 1,40

Greywacke shale.

The conditions of stratification thus prove that the Quart-
zite here rests upon, and by alternate stratification merges into,
Olenus shale.
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Fossils may, in general, be found in both shale and stink-stone,
some times in such quantities as to entirely crowd the rock. But
safest, and at the same time best preserved, they are found in
the stink-stone, in layers where the stink-stone is not too highly
crystallized. At some places a younger - fauna is found in
every higher limestone band or in every higher stink-stone
horizon, at others, again, it may happen that the same fauna
runs through several such, or vice versa that, for example, we
find one fauna in the upper part and another in the lower
part of one and the same limestone band.

In the preceding pages it has already been mentioned
how LinnNarssoN in his table of 1868 divided the strata com-
ing under this heading into two separate divisions. An up-
per one with Peltura and Sphaerophthalmus, and a lower one,
zone 4 of his table, from which latter he quotes some spe-
cies, which, apart from the fact that Ovthis lenticularis should
really be collocated with Parabolina spinulosa into one zone,
are in the present table all independent leading fossils for
successive zones, which follow each other just in the order in
which the species have been enumerated by Linvarsson. Al-
though the species are quoted together, it is yet pointed out
by him that they belong to different zones, even if they, such
as 1s the case with FEwurycare latum and Parabolina spinulosa,
have been met with in the same limestone band. In 1869
NATHORST gave an entirely similar table for Andrarum, but
this was to some extent garbled in the process of printing.
After correction, made (1877) by NarmorsT himself, his table
has the following form:

Zone of Acerocare (?).
» Peltura and Sphaerophthalmus.
» FEurycare and Leptoplastus.
» Orthis and Parabolina.
» Olenus and Agnostus.
Natnorst thus introduces a new zone into the table, a
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zone characterized by Acerocare. In 1875 LINNARSSON gives
the succession of strata for the alum shale of Nirke: zone
of Peltura and Sphaerophthalmus; z. of Leptoplastus stenitus;
z. of DParabolina spinulosa and Orthis; z. of Deyrichia Ange-
lini; z. of Olenus gibbosus and O. truncatus, as well as Agnost-
us pisiformis. Of these, the zone of Leptoplastus and the
zone of Beyrichia are in Nirke only locally developed. And
i the following year (1876) he stated the series of fossils
in the strata of the Olenid shale at S. Méckleby in Oland
as follows:

Z. of Peltura scarabaeoides and Sphaerophthalmus alatus.

v Eurycare latum and Leptoplastus.
»  Ortlis lenticularis.

> Olenus gibbosus.

v Beyrichia Angelini.

»  Agnostus pisiformis.

In 1880 LINNARSSON mentions en passant that beds
bearing Acerocare and Cyclognathus cover the Peltura beds in
Skane, which latter beds are considered to be everywhere else
superimposed by the Ordovician, i. e. by the Dictyograptus shale.

NATHORST, just as LINNARSSON, givesat first 4 gnostus pisifor-
mis and Olenus gibbosus as belonging to the same zone.
TuLLBERG showed in 1880 (in his Memoir »Om Agnostus-
arterna 1 de kambriska aflagringarne vid Andrarum>») that, be-
sides the typical Agnostus pisiformis, which appears already
below the strata with Olenus gibbosus, there is a variety or
mutation, described by TuLLBERrG as var. socialis, but which,
after what LAKE in 1906 (in »A Monograph of British Cambrian
Trilobites». Paleontogr. Soc. London) showed, had already in
1867 been described by BEeLT as var. obesus, which form
belongs to a somewhat higher level than the main species.
It is var. obesus that is found together with Olenus.

In the table of the Scanian Olenid shale set up by

! See also the foot-note to page 174.
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TuLLBERG in 1882 he gave as the youngest zone the one
bearing Acerocare ecorne, below which comes the Dictyograptus
shale, which in its turn is stated to overlie the zone of
Acerocare micropygum, under which the Peltura zone is said
to come. In 1883 he changes his table in such a manner
that the zone of Acerocare ecorne is moved down below the
Dictyograptus shale. Apart from this last mentioned zone,
which we now include in the Ordovician, TULLBERG’s table
obtained thus the following appearance:

Zone of Acerocare ecorne.

» Cyclognathus micropygus.
» Peltura scarabaeoides (herein also Sphaeroph-
thalmus alatus and Ctenopyge spp.).
Eurycare camuricorne (herein also Leptoplastus).
» Parabolina spinulosa.
» Ceratopyge sp. (herein also Beyrichia Angelini).
» Olenus (herein also Agnostus pisiformis var. obe-
sus BELT and Ceratopyge sp.).
» Leperditia sp.
» Agnostus pisiformis f. typica.

Alum shale devoid of fossils.

This table of TULLBERG’s is, as is seen, very detailed;
yet partly it is not quite correct, as we shall soon prove;
and at all events, it is hardly more than of local interest, as
it gives only the succession of strata at Andrarum.

In 1898 MoBerG and MOLLER showed that the genus
Cyclognathus LiNgs. is not to be distinguished from the genus
Acerocare ANG. The various species of this seem generally
to have quite a local horizontal distribution. A species of
Parabolina belonging to the Acerocare zone, viz. P. heres
BroGa., has; on the other hand, a great horizontal distribution,
wherefore the question might be raised, whether we not
ought to talk of a Heres zone rather than of an Acerocare zone
(compare with this WesSTERGARD’S observations in 1909).
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MoserGc and MOLLER believed themselves able to distinguish
the following sub-zones (reckoned from the top downwards):

4 .Sub-zone of Acerocare micropygum.'

3. » Parabolina heres' together with 4 granu-

latum and A. paradorum.
» Parabolina megalops.

1. » Parabolina acanthura and A. ecorne.

For a comparison between the upper Olenid shale of
Sweden and Norway it is to be noted, partly that the spe-
cies mentioned by BroGGEr under the name of Protopeltura
acanthura and occurring in Norway at the bottom of the Peltura
zone, 1s not, as was believed, identical with our Parabolina
acanthura (but a new species, which in 1909 received the
name of Peltura praecursor WESTERGARD), partly that the
species quoted by BroGGer from the Norwegian Ceratopyge
limestone under the name of Cyclogrnathus micropygus is not
the same as LINNARSsON’s, but quite a new species which by
MoBerG and MorLLer has been called Acerocare morvegicum.

In 1904 Prrsson commenced an scrutiny of the fauna
in the beds of Eurycare and Leptoplastus at Andrarum. Eury-
care camuricorne is shown to be synonymous with FE. latum
Boeck. The table giving the succession of strata in the
Olenid shales at Andrarum is according to PERrssox.

9. Zone of Acerocare and Parabolina heres.

8. » Peltura  scarabaeoides, = Sphaerophthalmus
alatus and Ctenopyge sp.
7. » Ctenopyge spp.
5 and 6. » Eurycare angustatum and Leptoplastus
stenotus.
4 (bis). ’ Eurycare latum and Leptoplastus ovatus.
3 (bis). » Parabolina spinulosa.
4. 2 FEurycare latum and Leptoplastus ovatus.

! According to WESTERGARD (1909) P. leres occurs at Jerretsad together
with 4. micropygum.
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9

Zone of Parabolina spinulosa.
2. Olenus s.s.

1. > Agnostus pisiformis.
Apart from the fact that Perssox has introduced a se-

parate zone for Ctenopyge spp., his table is remarkable by

¥

reason of the repetition of the zones 3 and 4. No fault is to
be thought of as the cause of this. (Curiously. enough
NartHoRrsT, in 1877, also queries such a repetition. He says
that, according to his older notes, Parabolina spinulosa should
occur not only above, but also below the zone of Olenus s. s.
But he adds that this must, however, be due to an error.)
As we know now, the genus Paraboline continues right up
into the Acerocare zone, and it seems therefore not absolu-
telv impossible that P. spinulosa, perchance partly represen-
ted by some varieties closely allied to the chief form, has a
greater vertical distribution than had hitherto been supposed.
It should be sufficient for explaining the seeming anomalies in
the succession of strata at Andrarum.

A similar example is also already presented with reference
to the vertical distribution of Beyrichia Angelini BArr.' As
will be seen from the tables relating to the succession of strata
given in the preceding pages, there has at several places been
distinguished a zone of Beyrichia Angelini. In Oland this
zone should lie below the zone of Olenus s. s., whilst in
Skane and Nirke, for example, it is stated to overlie the

' From the history of this species the following may be worth while quo-
ting. Reproduced in 1854 by AxcrrLiN on Tab. A, intended as a supplement
to Pal. Scand., but never published, the species received its name in 1872 from
BARRANDE in Suppl. an Vol. I of his »Syst. Silurien». In his »Ofversigt af Neri-
kes ofvergingsbildningar» (1875) LixNArssoN finally described the same and
reproduced it on a table attached to the work, which table is, however, missing
in that part of the edition belonging to the publications of Sveriges Geolo-
giska Undersokning, because the copies intended for them were destroyed by
fire. In 1893 HoLm points out (l. c. note to page 110) that the latter, as well as
some other related Crustaceans with a chitineous shell, might be Phyllocarida
rather than, as had until then heen generally supposed, Ostracoda.
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same zone. When NATHORST, in 1884, reproduced the table
for the Olenid shales of Oland, he drew attention to this cir-
cumstance, which he believed to be due to a clerical error.
The condition finds, however, after what has subsequently
been discovered, its explanation in the fact that the species
has a greater vertical occurrence than had previously been
believed. It is therefore unsuitable as a leading fossil.

In 1909 WESTERGARD proved at Gronhdgen, in Oland,
between the Dictyograptus shale and the Peltura beds two
zones belonging to the Acerocare beds, viz. an upper one
of Parabolina heres and a lower omne of Peltura corniger
Wap, a species only known from this spot. Hereby the
Acerocare zone was therefore proved the first time outside
Skine. At the same time he mentions more minutely some
Trilobites zoologically belonging to the Ordovician fauna, but
appearing already in the Acerocare beds at Jerrestad and S.
Sandby; amongst these Fuloma primordiale and Niobe prim-
aeva are described as new species.

Other forerunners to the Ordovician fauna are found in
yet older strata. In 1903 MosgrG described namely such a one,
Schmalenseeia amphionura from the zone of Agnostus pisiformis
in Oland. Later on an analogous form, Burlingia Hectori,
was described by WarcorT (Cambrian Trilobites. Smithsonian
Miscellaneous Collections. Vol. 53. 1908) from the Middel
(fambrian of Canada.

Olenid shale is found more or less completely developed
in the majority of the Swedish Silurian areas. In Skéne it
has been met with in a lot of localities, most of which are
situated in the south-eastern part of the province.  Be-
fore others we have here to mention Andrarum, where the
series of strata is quite complete, and several zones not ob-
served elsewhere are to be met with. Furthermore, we have
S. Sandby, Akarpsmolla and Jerrestad, three localities where
the Acerocare zone is encountered, as well as Rostanga,
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Kvasa (at Kiviks Esperod), Tosterup, Loderup and several
others.

In Oland the Olenid shales begin a few km. N. of the
Southern tongue, continue thence, following the western shore
northwards across the map-sheets Ottenby and Kalmar, at
which latter they cease close to W. Sorby a couple of km. from
the northern limit of the map-sheet. (At Oland’s Alum factory
the strata are well exposed.) Farther to the North deposits
coming under this heading are almost only found as boulders
in the previously mentioned conglomerates between the strata
of the Ceratopyge region and the Tessini zone. From Ale-
klinta and Gronviken a stink-stone with Agnostus pisiformis
occurring between the two conglomerates is mentioned, though.'
In Ostergotland Olenid shale is met with at Knifvinge, Pils-
torp, Sjégestad, Storberg, Odenfors and Vistand, in the map-
sheet Vreta kloster, and at Aludden, in the map-sheet Motala.
The alum shale resting in Guldkullen (map-sheet Vadstena)
comes also under this heading, since Agnostus pisiformis f. typica
has been found there, according to information kindly supplied
by Professor TornQuisT. From Nirke Linnarssox describes
a score of occurrences surrounding the great sandstone area
that extends westward from Lake Hjilmaren. Omne of the
largest slate quarries is to be found at Latorp. '

Strata coming under this heading are also found in Jémt-
land. All the zones are represented there, at least in boul-
ders. At Brunflo, where the succession of strata is otherwise
rather complete, all the lower zones of the Olenidian right up
to, and including, the zone of Parabolina spinulosa are said,
according to WimaAN, to be represented, at least at some places,
by a conglomerate. Other localities mentioned are Funiis
in the parish of Mysjo, Tossasen and a place situated between

' It must be remembered, however, that Agnostus pisiformis (var.?) at se-
veral places in Oland, e. g. W.of Mérbylilla, is met with even in strata below the
Par. Forchhammeri bed.
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Skalan and Skalingen, and in 1908 I found at Klofsjo strata
of stink-stone containing Parabolina spinulosa WAHLENB. —
In Angermanland there is an occurrence at the Abborr Falls
near W. Lake Tasjon. — In Lappland blocks of Olenid beds,
viz. from the Peltura zone, the P. spinulosa zone and the
Olenus zone, are met with at Skikkiberget Mountain, in the
parish of Stensele, as well as at Storberget Mountain, Granhéjden,
Skansholmen, Djupdalsberget Mountain and Biicksele, in the
parish of Wilhelmina.

The fauna of the Acerocare zone has been treated by
Mogrre and MOLLER, and partly by WEsTERGARD, that of
the Peltura zone by LinnNarsson, and that of the Eurycare-
Leptoplastus zone, partly at least, by PEersson. Otherwise
the fauna, with the exception of the Agmnostus species treated
by TULLBERG, is scarcely known. The occurrence of Trilobites
resembling Ceratopyge is remarkable; nothing is known, though,
of their structure (only a couple of tails have been found).
NaTHORST has furthermore found in these strata a mysterious,

graptolite-like fossil, which was subsequently described and
reproduced by Moserc (1907).

In our table, page 22, we have given the zone of
Orthis lenticularis WAHL. as a special brachiopod facies. Not
infrequently we find namely this brachiopod by itself crow.
ding entire limestone bands. It occurs, however, very often
together with Parabolina spinulosa, especially in the shales.

A 2. The Paradoxides beds.

In the part of the text to »Geological Map of Skéne», that
was printed in 1862 ANGELIN says distinctly of the Andra-
rum limestone (= his Regio Conocorypharum) that its
right chronological place had not yet been determined, and
that it (in his table) had been allocated its position on
account of zoological reasons. And in the preceding pages
we have mentioned how Linvanrsson, in 1868, in the lower
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part of the alum shale of Vistergotland found a parallel to
ANGELIN'S Regio Conocorypharum, whose position below the
Olenid shale was thereby determined, and furthermore that
LiNNARsSON, in 1869, proposed the name »Conocorvphe shale>»
for this lower division, which appellation he exchanged in 1873
for »Paradoxides shale».

BrogGEr, in 1882 (1. ¢, p. 163), pointed out the im-
portant role the Agnosti are playing in the Paradoxides beds,
and proposed to denominate these beds the »Agnostus stage»,
but this proposal of him was never followed.

It has previously been mentioned how LiNNAkssoN
through Paradoxides (Olenellus) Kjerulfi, discovered and described
by him in 1871, determined a previously unknown zone
belonging to the Cambrian, which zone had at first been looked
upon as the lowest part of the Paradoxides beds, but which
subsequently (1886) was separated from the same by Broccrr
and set up as a bed of its own, the »Olenellus bed»>. And
finally, we have mentioned that A. SsjoGrex through the strata
of Par. oelandicus SiOGREN, discovered by him in Oland
(in 1872), really added a new zone to the Paradoxides beds.

Herewith all zones coming under this heading were
known, but by no means their respective ages. A pretty
long time elapsed ere the relative position of the zone of
Par. oelandicus was fully determined. When Ssoerex disco-
vered in Oland the zone of Par. Tessini, developed as a
sandstone, and thus lithologically more resembling the lowest
Cambrian sandstone than was the case with the zone of Par.
oelandicus developed as a marl, he accepted it quite as a
matter of course that the latter must be the younger of the
two Paradoxides zones mentioned. According to SJOGREN’s
researches the zone of Par. Forchhammeri appeared also to
be missing in Oland, a circumstance’ which of course

! That it exists there, though, was mentioned by LINNARssoN already in
1874 (see Geol. Foren. Forh. Vol. II, page 79).

12
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helped to a certain extent to increase the uncertainty as to
the right place for the zone of Par. oelandicus in the succes-
sion of strata. Already in 1873 LinNarssoN, in his lecture
(at the 11:th Meeting of Scandinavian Naturalists in Copen-
hagen) on »Jemférelse mellan den kambrisk-siluriska lager-
foljden i Sverige, Boéhmen och Ryska Ostersjéprovinserna»,
called attention to the circumstance that the relative position
between the Oelandicus zone and the Forchhammeri zone was
not quite determined.

In 1876 LixxarssoN, in the report of his journey ot
Oland, expresses grave doubts as to the accepted relative posi-
tion between the zone of Par. Tessini and the zone of Par.
oelandicus. At Aleklinta and S. Mockleby he thought he
had found that the last mentioned zone must be the lower.
The conditions at Borgholm, however, made him uncertain
again, so that he even advances as a possibility of the
Tessini sandstone being a subordinate deposit within the
argillaceous shales of the Oelandicus zone. That, however,
even at the last mentioned place the zone of Par. oelan-
dicus underlies the zone of Par. Tessini was first proved
by NartnorsT and DaMmEes in the course of a journey to
Oland made in each other’s company in 1881. DaMEs reported
this in his travelling memoirs published the same year, and he
adds that we can scarcely doubt that the zone of Par. oelan-
dicus, which was only observed in Oland and Jimtland, is
an eastern equivalent of the zone of Paradoxides Kjerulfi,
which was met with in Skidne and Norway. The two zones
would consequently be really of the same age. NATHORST
not only in the account of the age of the Oelandicus
zone (as it seems published before Damrs’ memoirs), but
also in a later treatise,’ declared such a supposition to be

' On the mutual age of the zones of Olenellus Kjerulfi and Para-
doxides oelandicus (Geol. For. Forh. 1882). Before the publication of this
NarHogrsT had received information of BROGGER's discovery of the Oelandicus
zone in Norway.
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inadmissible, on the contrary, the so called »Fragment lime-
stone», which at Andrarum overlies the greywacke shale with
Olenellus  Kjerulfi might probably be the equivalent of the
Oelandicus zone. In his paper »Paradoxides oelandicus-
niviet ved Ringsaker 1 Norge» (Geol. For. Forh. Vol. II)
BrocGer mentions (1882) the discovery of the fact that in
the neighbourhood of Mjosen both the Kjerulfi zone and the
Oelandicus zone are developed, the latter distinctly overlying
the former.

As we have set forth in the general characteristics in
the commencement of this work, the development of the va-
rious zones of the Paradoxides beds changes very considerably
in different areas, a circumstance which is also proved by the
fact that certain strata, characteristic in one province, are
entirely missing in another, or perhaps very poorly developed.
Through this, the succession of strata given for different areas
gets quite a different appearance. But it is quite clear that
attempts have been made, as far as possible, and therefore
pretty often on very slender grounds, to make every zone
already given in an older table enter into every new one,
whereby the different tables received greater uniformity than
would otherwise have been the case. Locally appearing zones
can, however, not find a place in the general table. We must
therefore put down in our table only three zones coming
under this heading, viz. the zone of Paradoxides Forchham-
mevi, the zone of Par. Tessini and the zone of Par. oelandicus.
The other zones given in the many tables that have been set
up for different areas permit, however, of their being placed
in one of the three mentioned.

As an example for showing the development of the
table for this part of the series of strata we give here
the following tables, from which we exclude, however, as a
rule the zome of Olenellus Kjerulfi, when this occurs in
them.
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In 1868 Lixxarssox distinguished in Vistergotland
Zone of Agnostus laevigatus (highest).
» Paradoxides (granulated).
Paradoxides Tessini (lowest).

In 1869 he supplements this table by mentioning, be-
sides Agn. laevigatus, also Liostracus costatus in the highest
zone; and from the middle zone Par. Forchhammeri is ex-
pressedly quoted.

In Narnorst's table (1869) of Andrarum the following
succession of strata is given:

Andrarum limestone.

Alum shale with stink-stone I herein Par. Damdz:?“? an.d (in
| other layers) Microdiscus.
» Ritskitfer» (Drawing-slate).
»Grikalk> (Grev limestone) with fragments of fossils (1877
by Naruorsrt called »Fragment limestone).
»Ritskiffer> (Drawing-slate).
ToreLr, in 1870, gave the following table for Andrarum:
Agnosti laevigati strata.
Selenopleurae’ strata.
Strata faunae primordialis | Paradoxidis Davidis strata.
Paradoxidis Hicksii strata.
Paradoxidis Wahlenber gii strata.

To »Agnosti laevigati strata» the remark is added there,
that they are the highest Swedish strata in which Paradoxides
occur. From »Selenopleurae strata», which zone is parallelized
with ANGELIN'S Regio Conocorypharum, Par. Forchhammeri
is quoted. From »Par. Hicksii strata», Par. Tessini, too, is
mentioned. By Par. Wahlenbergi is meant, as we have pre-
viously mentioned, Olenellus Kjerulfi. According to Linyars-

' Barraxnr had in 1856 written Selenopleura instead ol ANGELIN's So-
lenopleura, and BARRANDE's example was followed by all later authors until
[LINDSTROM, in 1888, in his »List of the fossil faunas of Sweden. I,» advocated the

original spelling.
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soN (1882) all strata older than the - Selenopleurae strata» were
first discovered by NarnORsT, but we may yet say that it

was by TorerLn that at least the zone of Par. Davidis was
first introduced into the table.
In the introduction to his work »On the Brachiopoda of

the Paradoxides beds of Sweden» Lixyarssox (1876) was also

able to enumerate six zones coming under this heading, viz.

Zoone
o

»

of

Agnostus laevigatus (highest).
Par. Forchhammeri.

Pair. oelandicus.

Payr. Davidis.

Par. Tessini (lowest).

In »Skines graptoliter» (TuLLBerc 1882) we obtain,
according to Lixxarsson’s and TULLBERG'S observations, a

particularly minute table, chiefly based upon the conditions at

Andrarum:

a) Zone of Agnostus laerigatus (alone in stink-stone).
b) Zone of Paradoxides Forchhammeri:

a) shale with Agn. laevigatus.

A Andrarum limestone.

7) shale and Hyolithus limestone.
Agnostus Lundgreni (alone).
Paradoxides Davidis.

Conocoryphe wqualis.
Agnostus rer.
Agnostus intermedius.
Microdiscus scanicus.
Conocoryphe ersulans.
Agnostus atavus.

) Fragment limestone.
m) Black alum shale.
On closer examination of 'T'CLLBERG’s annexed lists of fossils,

as well as of other information given in connection therewith,

we easily find that a considerable reduction of the number of
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zones can be made, and that the table thereby assumes a more
acceptable form. First of all it may be remarked that the
zone of Agnostus atavus can, for several reasons, be omitted,
and, of course, also the »black alum shale», which has been
introduced as the bottom stratum of this table. Agn. atavus
is namely never met with at any other place than Andrarum,
and there only in a loose (fallen) stink-stone lying at the
bottom of the Verka River. Furthermore, Par. Tessini is found
in all zones, from the zone of Par. Davidis to the zone of
Conocoryphe exsulans, both inclusive. Agnostus Lundgreni, as
well as Agn. laevigatus, belongs to the fauna of the Forchham-
meri zone. In Vistergotland, where the zone of Agn laevigatus
was first distinguished, it is, contrary to what is the case in
Skine, strongly developed and there also characterized by
Liostracus costatus, which trilobite is never found in Skéne.
That a separate zone of Agn. laevigatus has been mentioned
from Andrarum, too, is clearly due to the endeavour to get the
Andrarum table to agree with the Vestrogothian table. We
unite therefore with the Forchhammeri zone both the upper
strata, in which Agn. laevigatus, and the lower ones, in which
Agn. Lundgreni predominate. The zone of the last men-
tioned species is for the rest only mentioned from Andrarum.
And finally we must call to mind Narnorst’s highly probable
supposition of the »Fragment limestone» being an equivalent
to the Oelandicus zone of more northerly areas.
We obtain therefore:

¢) Zone of Par. Forchhammeri = (TULLBERG's zones a—c).
b) »  Par. Tessini = ( » »  d—i).

I 2 »  Par. oelandicus l
(= shale with Fragment { = ( »  l—m).

2)
| limestone embedded)

The thickness of the Paradoxides beds is generally much

less than that of the Olenus beds. For example, in Djupa-

dalen in Falbygden the former reaches 10 m., at Kinnekulle
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and the northern end of Billingen (at Stolan) only 6 m.
TULLBERG estimates the thickness at Andrarum at about 4 to 5 m.

When accounting for the different zones we shall more
closely refer to such sub-zones as may be of more general in-
terest.

¢) The zone of Paradoxides Forchhammeri.

This zone 1is developed partly with a Trilobite facies,
partly with a Brachiopod facies. In the former we have to
include the »Andrarum limestone», the formation upon which
the zone was first founded, and which by ANGELIN just on
account of its great abundance of fossils was first supposed
to lie above the Olenid shale. True Andrarum limestone
has outside Skéne only a slender development, as, for example,
in Vistergotland it is encountered near Rébick at Kinnekulle
(see Linnarsson 1873 and also Horm 1901), and possibly
also at Hunneberg (see Explanation to the map-sheet Veners-
borg 1887). In Knifvinge, in Ostergstland, there is below
the upper sub-zone characterized by Agnostus larvigatus a
dark limestone bearing Par. Forchhammeri and Brachiopods.
Whether this limestone is to be looked upon as being Andra-
rum limestone or belonging to the »Exporrecta conglome-
rate> mentioned further on, I do not venture to decide.
From the parish of Ljung, again, there is mentioned Par.
Forchhammer: from alum shale with stink-stone, which might,
perhaps, be included here. From Vrana, in Nérke, is mentio-
ned (LinNarssoN 1875) an alum shale bearing Par. Forchham-
meri. In Angermanland, where the zone is met with at Hog-
nisd River and at the mouth of the Sjougdilf River (near
W. Tasjo Lake), it is also developed as an alum shale, here
with partly black bituminous, partly bluish-grey, sandy and
laminated limestone. In Skine the Andrarum limestone is,
besides Andrarum, encountered at several places in the south-
eastern part of the province, viz. at Baskemolla, Kiviks Espe-
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rod, and according to Horst (in Explanation to the map-sheet
Simrishamn) probably also in the brook N. of Fageltofta church.
At Andrarum there is found in its lowest part a limestone
band embedded in shale, about 0.15 m. thick, particularly
rich in species of the genus Hyolithus, and therefore by Lin-
NARssON (1882) called the »Hyolithus limestone».

More commonly the zone is, however, developed as a
conglomerate-like limestone crowded with brachiopods. After
Orthis exporrecta Linws., which is plentiful everywhere in it,
it received (1894 by WimaN) the name »Exporrecta conglo-
merate>. With this development the zone is met with at
several places, in southern Oland, viz. in the map-sheets
Ottenby and Kalmar, where its occurrence seems, however, to
be very sporadic (in the northern part of Oland the zome is
entirely absent), in Vistergétland (Kinnekulle, Hunneberg,
Falbygden'), in Nirke, possibly at Ullavi, in Jéamtland
(Brunflo, Hillsand, Vedjeon and at the mouth of the Falla
River), as well as at Lubbtrisk (parish of Stensele), in
Lappland.

As has previously been stated, the upper part of the
strata coming under this heading is especially well developed
in Viistergotland, so that it is there reckoned as a separate
zone, the »zone of Agn. laevigatus», also characterized by Lio-
stracus costatus and Leperditia primordialis. This part, which
here reaches a thickness of 3 to 4 metres (whilst the rest of
the zone is mno thicker than 0.5 m.) was specially described
in 1895 by I. D. WarLLerius, who with the support of
sections from Djupadalen and Gudhem in Falbygden divi-
ded it up into several sub-zones, as is shown by the follo-
wing table.”

! At Billingen and the neighbouring part of Falbygden no Paradoxides
beds at all have been met with, as the soil conceals this zone.

® As Leperditia primordialis is also found in the Exsculptus beds and is

said to be missing in the lower part of the Primordialis beds, the denominations
in this table are clearly quite unreasonable.



THE MIDDLE CAMBRIAN. 185

Exsculptus bed with Adgn. exsculptus.

Sub-zone of U,zf)e;;’ diti . linli
Agn. laevigatus | Primordialis bed v;/ PErGITE BRAHORRRNE,
Lower,

without Leperditia primordialis.

This part of the zone appears to have a comparatively
wide spreading. It is met with in Vistergotland, not only
in KFalbygden, where it is best developed, but also at Kinne-
kulle. In Ostergotland it has been proved at Pilstorp and
between Sjogestad and Knifvinge. In Nirke it has been
encountered at several places, for example at (). Ryninge,
Vrana, Sittran and Vinala. In Skéne it is, as has been said
before, feebly developed. In Lappland some boulders, which
possibly come under this heading, have been found at Lubb-
triisk, and in 1889 Horst (>Om en miktig qvartsit, yngre
iin olenus-skiffern.» — On a thick quartzite younger than the
Olenus shale.) mentions strata bearing Agnostus laevigatus from
a couple of occurrences situated at or near the Arksjoa River,
in the province of Viisterbotten.

b) The zone of Paradoxides Tessini.

Of the many sub-zones which Lixxarssox and TULLBERG
distinguished at Andrarum in this zone, there are really only
two that are of any general interest, viz. the sub-zone of Pa-
radoxides Davidis SALTER and that of Conocoryphe exsulans
Lixgs.

Paradoxides Davidis, which has in Sweden with certainty
only Dbeen found at Andrarum’, where it characterizes the

' According to NatrnorsT (1877) the Davidis strata are possibly also rest-
ing at Kiviks Esperdd; likewise at Baskemolla. According to TULLBERG some
boulders found at Tranerod, a little N. of Akarpsmélla, indicate the occurrence
of the said strata also in the vicinity of this locality. At none of these places
has, however, Par. Davidis itself been found. It is generally dgnostus punctuosus
which has in these cases been looked upon as the leading fossil of the sub-zone.
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highest strata in the zone of Par. Tessini, was first described
by Sarrter (1S63) from St. Davids in Wales, and is therefore
of interest as a form common to the Swedish Paradoxides
beds and England’s Menevian.

Conocoryphe exsulans, again, characterizes the lowest part
of the Tessini zone. A limestone belonging to this horizon
had already in 1870 been observed by Narnoist (in local
boulders) in the Figelsing district, but did not attract any
closer attention, until Narnorst afterwards encountered it in
the solid rock at Kiviks Esperod. After the common fossil,
which had at first been determined as a Spanish form described
by BarrRANDE, Conocoryphe coronatus, NATHORST called the
deposit »Coronatus limestone».

In 1879 Lixnarsson described the fauna minutely. The
Conocoryphe referred to was then found to be a new species,
which received the name C. exsulans, wherefore the strata
were afterwards called » Exsulans limestone». Besides the named
fossil and several other fossils of the Tessini zone, there occur
here also Paradoxides Tessini itself and Par. Hicksi, or more
correctly, a variety thereof, var. palpebrosus Lixrs. Already at
the above mentioned time LinnarssoNn knew the Exsulans
limestone also from Andrarum, where SCHMALENSEE found it,
and 1in local boulders from Gislof, S. of Simrishamn. MoBErG
has proved it to exist at Brantevik.

Even in southern Oland the Exsulans limestone has been
found somewhat S. of Morbylinga, viz. in Bredinge ditch and
W. of Risinge; the 11 cm. thick stratum, consisting of black,
gritty and impure limestone, is here resting upon Acrothele
granulata conglomerate (of which more further on). Conocoryphe
exsulans and several other fossils distinguishing the zone have
at Borgehage in Oland (map-sheet Monsterds) been found in
a highly fossiliferous boulder of light calcareous sandstone
(»the northern Olandian facies of the Scanian Exulans lime-
stone» as MUNTHE writes in Explanation to the map-sheet
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Monsteris). According to information kindly given by TORrN-
QuisT, Exsulans limestone is also met with at Rosenfors near
Borgholm, in Oland, where it covers the A. granulata conglo-
merate.

As a bottom stratum of the Tessini zone we have to
consider the so called »Acrothele granulata conglomerate» in
Oland. In the account of his observations during a journey
ip Oland, LixNarssonN, in 1876, mentions a limestone with
plenty of phosphorite concretions, which he had encountered
in the neighbourhood of Borgholm, and he advances the sup-
position that this may be the »conglomeratum calcareum-»
bearing Par. Tessini, which ANGELIN already in 1851 mentions
from there. It is clearly the same stratum, which NATHORST
mentions in 1881 from the same place and which he proved
to belong to the very lowest part of the zone of Par. Tessini,
whose border stratum towards the Oelandicus zone it there-
fore is. Howuwm, accounting for Hyolithus socialis, which he had
also found in this conglomerate, calls it (1893) the »Acro-
thele conglomerate», after the brachiopod 4. granulata Lixgs.,
which is very plentiful in it. J. G. ANDERssoN, who in a
lecture in 1892 (Bull. Geol. Inst. Upsala, Vol. I, p. 93), had
called the conglomerate in question »Oelandicus-Tessini con-
glomerate», found it later (in 1896) more suitable to call it
» Acrothele granulata conglomerate», in agreement with Horwm.
Besides the original locality (Rosenfors), it has also been ob-
served on the shore between Borgholm and Képing, at Runs-
bick, in the parish of Torslunda, and, as previously mentioned,
at Risinge, where it underlies the Exsulans limestone.

The middle part of the Tessini zone is, as has been said
previously, particularly well developed and also easily accessible
at Andrarum. It is there developed as alum shale, but appears
elsewhere in Skane, for example at Brantevik (partly at least)
to be composed of conglomerate-like limestone. In Oland
the Tessini strata are generally developed as a slaty, often
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calcareous sandstone, in which exceptionally cone-in-cone struc-
ture in minor parties has been observed. The sandstone
sometimes alternates with a greenish-blue clay resembling that
occurring in the underlying Oelandicus zone. Sometimes, as for
example at Bredinge, ellipsoids of a greenish-grey limestone
are met with in the calcareous sandstone. At Borgholm,
Aleklinta and Horn ellipsoids or concretionary layers of green
stink-stone have Deen encountered in the highest part of the
zone. The Tessini zone, which commences (on the west
coast) a little to the N. of Ventlinge, can then De traced north-
ward up to the limit between Albéke and Fora (in the map-
sheet Monsterds). It reaches a thickness of up to 25 or 30
m. in the environs of Borgholm. In the northernmost part of
Oland the zone appears to e missing. To judge from shore-
boulders, the strata of the Tessini zone, however, very likely
extended a little further northward. Honm found namely
at Rorstensudde boulders of green stink-stone with seams of
sandstone bearing FEllipsocephalus muticus Axc. But the zone
probably does not reach much further north, as J. G.
ANDERSSON on the northwestern tongue of Oland has found
boulders, which show that the ODbolus strata have been
deposited directly upon the Oelandicus strata, wherefore no
Tessini zone could be found here (cfr J. (. Axprrssox 1896,
»Ueber cambrische und silurische phosphoritfiihrende Gresteine
page 37).

In Vistergéotland the rock is chiefly alum shale and stink-
stone, except the very lowest part. At Djupadalen it con-
sists (according to Warrerits) of a dark blue alum shale,
which downwards merges into a light yellow sandstone, and
at Hvalstad, in the south-easternmost part of Falbygden, (ac-
cording to Muxrng) of a black, somewhat micaceous, argillaceous
shale overlying a sandstone which probably belongs to the
Oelandicus zone. The Tessini zone is met with not only at
Hunneberg and Kinnekulle, where it is only a few em. thick,
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but also in Falbygden (at Djupadalen, Gudhem and in older
times at Oltorp).

In Ostergotland there occurs at Berg a greenish-grev
limestone bearing Par. Tessini, mentioned already in 1881 by
Narrorst.  TUuLLBERG reports (in the lxplanation to the map-
sheet Vreta Kloster) from here also Par. oelandicus, and con-
siders the strata referred to as transition beds between the
Tessini and Oelandicus zones.

From Nirke (Hjulsta, Tomta, Vinala and Vrana) Lin-
NARSSON mentions a blue-green, lamellated clay, with limestone
embedded, Dhearing PFPar. Tessini. From its upper limit at
Hjulsta a conglomerate (or a crack-filling) of dark, bituminous
limestone, Dbearing _Agnostus pisiformis and Acrothele coriacea,
is also mentioned. The similarity of the blue-green rock to
the Oelandicus zone in Oland is drawn attention to.

From West-Dalarne Scuyarnexsge mentions (1892) Tessini
shales with stink-stone encountered at Skirvagen.

In Jimtland, where this zone is developed as alum
shale with stink-stone, it is poorly represented. WimaN reports
strata coming under this heading from Brunflo (E. of Oster-
sund) as well as from northern Jimtland, where SveNoNTtUS
found them at Kopparrokhillarna in the parish of Alanis.
To judge from boulders, this zone very likely also occurs in
Lappland (at Norrliden, Lubbtrisk, Skikkiberget, in the parish
of Stensele, and at Stromniis, Granhdjden and Skansholmen,
in the parish of Wilhelmina).

a) The zone of Paradoxides oelandicus.

As we have already previously mentioned in detail, this
zone was first distinguished in Oland. The rock there is a
light, greyish-green argillaceous shale or lamellated clay with
scattered lenses of a likewise grevish-green limestone. More
seldom the rock is somewhat sandy and resembles then cer-
tain varieties of the Tessini sandstone. The same rock is
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found in the majority of the districts where this zone is
encountered. A remarkable exception is Jimtland, where the
rock is alum shale with stink-stone.

In Oland the zone begins about 4.5 km. S. of Mérby-
langa, continues thence, with a width which on the whole
corresponds approximately to half the strip of shore below the
western land-height (» Landborgen»), northward across the map-
sheets Ottenby, Kalmar and Monsteras, in which latter, about
5 km. N. of Koping’s church, it dips down below the surface
of the sea. That it continues, however, (submarine) still further
towards the N. becomes apparent from the shore-boulders
that have been mentioned more minutely under the Tessini
zone in the preceding pages.

When LinNarssoN, in 1877, described the fauna of the
zone, he did not as yet know the strata coming under this
heading from any other place than Oland, but yet presumes
that such, as he mentions already in 1876, also occur in
Jimtland. Nowadays the zone, more or less well developed,
is known from many of our Silurian areas. In Jimtland,
where, as previously mentioned, the rock consists of laum
shale and stink-stone, the zone occurs, according to Wiman,
at the following places: Brunflo, Hofverberget, Westskucku and
Bingsta, as well as between Skalan and Skalingen near Tossésen.

In Nirke the zone was first in 1893 definitely proved to
exist at Hjortsberga by J. G. AnpErsson. It is there deve-
loped as a blue-grey argillaceous shale with limestone, bearing,
amongst other fossils, Par. Sjdgreni and Acrothele granulata.
The strata are, however, somewhat disturbed.

In Vistergétland the zone is not known with certainty,
but MuNTHE presumes (Explanation to the map-sheet Tida-
holm) that a grey to greyish-green, clayey and slaty sand-
stone, devoid of fossils, which at Hvalsta rests below the
black, micaceous argillite belonging to the Tessini zone, from
which it is clearly separated, represents the Oelandicus zone
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there. According to MuntHE (L. c., p. 33) HoLm has at Kin-
nekulle found a corresponding shale, which is by him »sup-
posed to belong to the Olandicus zone».

As has previously been mentioned, the so called »Frag-
ment limestone> at Andrarum is, according to NATHORST,
probably a Scanian parallel to the Oelandicus zone.

From Norrland it is also known, namely in the form
of boulders of grey, hard, almost compact limestone from
Kyrkberg and Talltrdsk, both in the parish of Stensele.

A 1. The Olenellus beds.

It was observed already of old that the lowest part of
the Silurian, or, as it was said then, the Transition formation,
i1s built up of sandstone. On account of the circumstance that
in the latter, or rather on certain surfaces of layers in it,
irregular, often ramifying, ripple-like ridges occur, which we
now, according to NATHORST, mostly interpret as the tracks
of some lower animals, but which at first were believed to
be the impressions of algae, this sandstone was called Fucoid
sandstone (cfr ANGELIN’s Regio Fucoidarum). But by and by
even real fossils were found in the Fucoid sandstone, first of
all Brachiopods, and amongst those also a very characteristic
form, Mickwitzia monilifera, from which a certain part of the
sandstone later on received the name »Mickwitzia sandstone».
And when Scumipr, in 1888, found a trilobite, Olenellus
(Schmidtiellus) Mickwitzi ScuMIDpT, together with Mickwitzia
in the lowest sandstone of Esthonia, it was clear that even
the lowest Cambrian sandstone of Sweden had to be included
in the Olenellus beds. Already previous to ScHMIDT’s said
discovery the appellation »>Olenellus zone» had been intro-
duced for the so called greywacke shale, which at Andrarum
and in Norway directly overlies the bottom sandstone, and
in which another Olenellus, O. (Holmia) Kjerulfi Lixrs., had
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been found. That the Kjerulfi strata, which directly underlie
the Paradoxides beds, and at first had even been looked upon
as their lowest part, were afterwards put down asa vounger divi-
sion of the Olenellus beds is easily to understand. As, how-
ever, no @lencllus-bearing beds had been proved either above
the Esthonian (or the contemporaneous Vestrogothian Mick-
witzia sandstone) or below the grevwacke with O. Kjerulf/ it
was in reality on very loose grounds that a younger zone of
Holmia Kjerulfi and an older one of Schmidtiellus had been
distinguished in the Olenellus beds. That the sandstone, which
at Andrarum underlies the greywacke, is absolutely contempora-
neous with the Vestrogothian »Mickwitzia sandstone» is clearly,
strictly speaking, unproved. The supposition gains, however, a
certain amount of support from the fact that Monrrc found,
somewhat S. of Brantevik (in the neighhourhood of Simrishamn),
both Olenellus (Schmidtiellus) Torelli MG and 0. (Holmia) Kjer-
ulfi, the former in the upper part of the sandstone, the latter
in a grevwacke-like shale closely connected with strata belong-
ing to the Paradoxides beds. The species found in Esthonia
is so little known that its relation to O. (Schmidtiellus) Torelli
MG cannot be determined with certainty, yet it seems as if
thev belonged at least to one and the same group (characterized,
amongst other things, by a long thoracic horizontal spine) defini-
tely separate from the sub-genus Holmia, which is at any rate
also represented in the sandstone of Skine. The paralleli-
zation between the Scanian »Torelli sandstone» and the Vestro-
gothian »Mickwitzia sandstone» is thus not so absolutely safe.
At present it is the most probable, though. Starting from
this we must parallelize the Scanian grevwacke and the
Vestrogothian »Lingulid sandstone», as both are resting, we
presume, on deposits corresponding to each other. In our
table we have, however, put down the strata of Skine and
Viistergétland separately, as representing, the former a 'Trilo-
bite facies, the latter a Brachiopod facies of our Lowest (fam-
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brian. After these general remarks we can pass on to the
more detailed account of the different strata.

A 1. I. The Olenellus beds of Skdne and deposits analogous
with them.

b) The zone of Olenellus (Holmia) Kjerulfi.(The Greywacke shale).

Everywhere this zone has been encountered it is deve-
loped as a greywacke shale. In it is found a characteristic, but
poor, fauna with the following determinable species: Olenellus
Kjerulfi Lixgs. (originally by Torerr called Paradoxides Wahlen-
bergi), Ellipsocephalus Nordenskidoldi 1.axws., Arionellus primeous
Brocaer, Hyolithus Hermelini Houm and Lingulella? Nathorsti
Lings.  Peculiarly enough, LixnpsTrOM enumerates amongst the
fossils of the Kjerulfi zone, even if with hesitation, also
Agnostus atavus, of which we have spoken previously, and which
can certainly not belong to this zone.'

Already in 1862 ANGELIN distinguished (in that part of
the text to this Geological Map of Skdne which was then
printed) the greywacke shale, which he counted as the highest
(4:th) zone of the »First or oldest sandstone group». It was
then quoted by him from all hitherto known occurrences of
Skane, viz. from Forsemélla, at Andrarum, from Rostinga,
Kiviks Esperod and Gislofshammar. ANGELIN knew, however,
no fossils from there. The leading fossil of the zone, which
was first found by Narnorst at Forsemolla, is in the rest
of Skdne only found at Gisléfshammar.

In Lappland the zone has been met with at several
places. Horm, in 1893 (L. c., p. 52), mentions a grey, hard
argillaceous schist bearing O. Kjerulfi from Storuman, and in a
similar rock from Peuraur and O. Ramanvare Hyolithus Herme-
lini, and from Skeldavare Hyolithus sp. Even in boulders

! According to GAVELIN (1909) Torellella laevigata, which in Sweden is
found in the Mickwitzia zone only, also is encountered in the Kjerulfi zone at

Tomten in Norway.
13
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from Kyrkberget, in the parish of Stensele, Olenellus Kjerulfi
has (according to Horm 1890) been encountered. And on
Luopahta, at Tornetrisk, Mosere (1908) found in the upper
part of a greywacke-like argillite, which was resting upon
the sandstone, a fossil-rich, impure limestone bearing Ario-
nellus primaevus, Ellipsocephalus Nordenskioldi and Obolus (fa-
vosus LINRS.?).

a) The zone of Olenellus (Schmidtiellus) Torelle.

In 1862 ANGELIN divided the oldest Scanian sandstone
mto the following strata:

3) Hardeberga sandstone (or Fucoid sandstone)

2) Qvartzite

1) Lugnas sandstone.

He says about the Hardeberga sandstone, which in its
typical form is composed of rather large, rounded grains of
white quartz cemented by silica, that it is fine-grained in its
upper part and often passing into greywacke shale. »Fossils»,
only found in the upper part, were considered to be fucoids
or trails of sandworms (Arenicolae). This sandstone has
in Skine a great distribution, from the vicinity of Simrishamn
richt up to Kullaberg. The Quartzite, which is partly a
breccia, occurs only at a few points: Munka Tagarp (at To-
sterup), Rostinga, as well as at Killegirden and Béauf on So-
derdsen. As Lugnds sandstone ANGELIN distinguished the
lowest, arkose-like, often red strata, which are only encountered
at Delperod and Forsemoélla (at Rérum), at which last mentioned
place they are said to occur in alternate layers with the gneiss,
which therefore with no little probability should be looked
upon as a metamorphosed arkose.

In 1867 TorerLr, who uses KJERULF’s denomination »Spa-
ragmit> for the sandstone in question, describes some so called
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fossils, amongst others FEophyton Linnaeanum ToreLL,' Psam-
michnites (Arenicolites) gigas ToreLn and Cordaites? Nilssond
TorrLL; the two last mentioned he states to be from the Sim-
rishamn district.

As will be more particularly mentioned in the account
of Vistergotland's Cambrian sandstones, WarLLIN (1868) called
the lower part of it after Eophyton Linnaeanum, which occurs
plentifully therein, »Eophyton sandstone», a name which was
afterwards also used for the Scanian sandstone. It was not
until 1873 that Naruorst in his thesis for the doctor’s degree
showed that the majority of the »fossils» from the Kophyton
sandstone, which had at that time been described, were only
trails or tracks partly caused quite mechanically, partly of
animals in motion.

In 1892 MoBErG mentioned (in his paper »Om Olenellus-
ledet 1 sydliga Skandinavien») the discovery of two species of
Olenellus in the Scanian sandstone. One of them, O. (Ho/mia)
Lundgreni MG, of which a badly preserved, indeterminable
specimen, already mentioned by LUNDGREN in 1874, had only
been met with in loose boulders at Lake Tunbyholmssjon in

a grey, brown-speckled sandstone in which also Hyolithus De
Geert HoLm occurred.  From Gladsax and a spot W. of Tun-

byholm fossils had also, although not in a determinable con-
dition, been found in a sandstone similar to the boulders
previously mentioned. The other one, O. (Schmidtiellus) Torell,
had been found in the solid rock immediately S. of Simris-
hamn in a blue-grey, strongly calcareous sandstone embedded
in the ordinary grey-green sandstone there. Besides O. Torelli
there was a plentiful occurrence of brachiopods, Obolella Mo-
bergi Warcorr and O. Lindstromi WaLcorr. These species,
together with Hyolithus De Geeri, have also been encountered

! Two of the originals are derived from Vistergotland, but one from Skine
in »saxo arenaceo formationis siluricae inferioris ad lacum Ringsjén». Only
(zotlandian sandstone is, however, resting there.
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at Sularp, here in a loose brown sandstone, intermingled in
the grey-green, brown-speckled, hard sandstone common there.
In a similar rock the same fossils were subsequently proved
at S. Sandby. Even between Brantevik and Gisléfshammar
an  Olenellus had been found in grey-green sandstone resting
there. T was then inclined to consider the strata bearing O.
Torelli as being somewhat older than the rock in which O.
Lundgreni had been found, but all these strata as younger
than the strata of O. Mickwitzi Scumipr. If there really may be
any difference of age between the said three species, it can,
however, hardly be very great.

At Hardeberga, as well as at Simrishamn, one can clearly
see the greenish sandstone directly overlying a white, thickly
banked, hard sandstone, the typical Hardeberga sandstone. It
the green sandstone which bears Olenellus Torelli 1s parallelized
with the Mickwitzia sandstone in Vistergétland, which rests
directly upon the Archaean, the lower white sandstone in
Skine 1is, of course, older than any that has been encoun-
tered in Vistergotland.

During the construction of the harbour of Simrishamn there
was a good opportunity a few years ago of studying sections in
the lower sandstone. Pretty thick greywacke-like strata were
at some places found between the hard sandstone banks, at
other places, however, slaty sandstone, rich in a Hyolithus,
all unfortunately far too badly preserved to be determined as
to the species, was found.

The sandstone is easily accessible in the Simrishamn di-
strict in the bare shore-rocks, giving a splendid opportunity
for studying the sequence of strata. The many small disloca-
tions met with here are, however, a serious check. HoLst tried,
in 1893, to set forth the succession of strata in the lower
sandstone, partly in the Kalmarsund district, about which more
later on, partly in South-eastern Skine. According to Horst
we meet in the last mentioned area 1) the bottom-stratum, a
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red, richly felspathic sandstone, at Raskarum, KForsemdolla
(parish of Roérum), Glimminge (parish of Bolshég) and near
the southern end of Lake Gyllebosjon. There is of course
no transition Dbetween the sandstone and the gneiss at
Forsemélla, such as ANGELIN thought he saw; it is only
the great amount of unweathered felspar which could have
caused ANGELIN's statement. At Ekerdd a conglomerate is
found in boulders, with pebbles of quartz and felspar in a
cementing matter like the rock of the bottom stratum. After
this come:

2) blue-grey or black sandstone with tracks, 3) whitish
sandstone with grey seams (with tracks), 4) sandstone with
Diplocraterion (Jerrestadshall and Brantevik are occurrences
especially to be mentioned), immediately above which there
follow in the said two localities 5) shelfs bearing Psammichnites
(Arenicolites) gigas Torernr, and Cordaites? Nilssoni ToRELL
(herein a sandstone-conglomerate); above these strata come
first 6) grey, thereupon 7) dirty-grey and greenish sand-
stones, the former reminding one of the green shales at Born-
holm, which bear Hyolithus, the latter reminding one of the
sandstone shingles at Kalmarsund, and finally highest up 8)
a phosphorite-bearing, dark sandstone which in its highest
layer is filled with lumps of iron pyrites.

[n the sandstone at the coast of Sméland (and Blekinge),
along Kalmarsund, HowrsT proved a similar sequence. He has
here as bottom stratum 1) sandstone conglomerate with pebbles
of quartz, more rarely of Archaean rock, thereafter (yet onlv
in the extreme North) 2) red-striped sandstone, then 3) white
or red sandstone with Scolithus linearis ToruLn (well deve-
loped on Furén Island) and 4) green-grey sandstone with winding
worm-trails, Scolithus errans TorELL. Furthermore is mentioned
D) sandstone with Diplocraterion, of which HorLsr does not
know, though, whether it may not possibly be older than the
sandstone bearing Scolithus errans just mentioned. Inconnection
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with the Diplocraterion-bearing sandstone comes 6) white,
partly calcarcous sandstone.

In Morbylinga, the only place in Oland where solid
rock of lower Cambrian sandstone has been observed, one can
find a partly grey, partly black, bituminous sandstone, superim-
posed by the Oeclandicus zone (Horst 1893). But otherwise
only a grey or green (glauconite-bearing), partly phosphorite-
bearing sandstone of Lower Cambrian age is met with in
plenty of stones cast up out of the sea, in the skerries
in Kalmarsund, as well as in the west-coast of Oland; in these
stones has been found a fauna described by MoBERrG in 1892.
The most common fossils are Hyolithus confusus Horm and
a small brachiopod, Discinella Holsti M. After the last
mentioned, very characteristic fossil (which unfortunately, how-
ever, could never be proved in solid rock’) the strata are
often called »the zone of Discinella Holsti». 1t is clear that
this zone belongs to the Olenellus beds, but its nearer position in
relation to the other fossiliferous horizons of the sandstones
cannot be stated. Discinella Holsti was also met with in a
boulder of a rusty sandstone from Mariehamn (Aland). Wimax
18, however, inclined to believe that the boulder was carried
thither as ballast.

Olenellus sp., besides a new Arionellus, and a new Ellipso-
cephalus are mentioned (1903) by Winman from a North Baltic
boulder. From such ones are furthermore mentioned a couple of
forms previously known from the sandstone of Viistergétland,
viz. Mickwitzia monilifera Tanrs. and Torellella laevigata Langs.,
together with a lot of ostracods and brachiopods. Furthermore
Wivan has found fragments of a trilobite, which he wants
to interpret as a Paradoxides, in a sandstone from Aland. Tf
the interpretation were correct, we would here have also Para-
doxides strata with sandstone-facies, and it would be difficult,

v Discinella Holsti has been eagerly but vainly searched for by the author,
especially in the Hyolithus-bearing strata in the harbour of Simrishamn.
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as WiMAN himself remarks, to determine which of the many
new species described from here would have to be included
i the Paradoxides beds, or which of them belong to the
Olenellus beds. To judge from the list of fossils, it seems
scarcely credible that all of them Dbelong to one and the
same faunistic horizon.

A 1. II. The Lower Cambrian of Véastergstland.

Sandstone forms, as is known of old, the bottom stratum
in all the mountains of Vistergitland. A minute investiga-
tion into this sandstone was first made by J. A. WaLLIN,
who, in 1868, distinguished in it the following strata:

3) Fucoid sandstone (loose, greyish-white)

2) Eophyton sandstone' (hard and with numerous »plant-
fossils»)

1) Conglomerate (with well rolled (uartz pebbles).

As we have mentioned previously, the so called plant-
fossils were described by ToreLr (1867 and 1870), and Lin-
NARSSON also contributed (1869 and 1871) towards an increase
in their number. It has also been mentioned before, how
Natraorst, already in 1874, showed that the majority of these
»plant-fossils» were mere tracks. He published further works
in this direction in 1881 and 1886. Some of the new spe-
cies described by LixnarssonN from the Cambrian sandstone of
Vistergotland were, however, genuine fossils. Already in 1868
he mentioned a Lingula from the Fucoid sandstone in Djupa-
dalen, and afterwards another, better preserved, which he, in
1869 (»Om nagra forsteningar frin Vestergotlands sandstens-
lager»), called Lingula? favosa. At the same time he described
from the Lower sandstone under the name of Lingula moni-
lifera the brachiopod which ScumipT, on account of its having
heen found by Mickwirz in Ksthonia, too, later called Mick-

' The term Eophyton sandstone was here used for the first time.
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witzia monilifera, and which afterwards had to give the name
to the zone. And in 1871 lLanxarsson described from the
same beds Hyolithus laevigatus (by HorLm in 1893 called
Torellella laevigata), and under the names of Agelacrinus
and Astylospongia two fossils which NAtraorsT in 1881, after
having come to the conclusion that they were impressions
of Medusae, called Medusites." Narmorst also drew the
conclusion that, when the sandstone with interstratified clay
layers was deposited at Lugnis, where the fossil Medusae
were found, there had been a long, shallow, periodically emer-
ging shore. In 1885 and 1886 he confirmed his evidence still
further by showing that the quartz pebbles in the conglomerate
were sandworn. '
In 1901 Horm proposed to exchange the appellations
Fucoid sandstone and Eophyton sandstone, which had until
that time been generally wused, for the more up-to-date
names of Lingulid sandstone and Mickwitzia sandstone. Already
Linnarsson (for example in 1869, in his Memoir alluded to
above) considers it more suitable to group the bottom conglo-
merate together with the overlying Kophyton sandstone into
one division. On Kinnekulle the thickness of the Mickwitzia
sandstone is, according to Horm (1901), 10 m., whilst the
Lingulid sandstone, which everywhere has a much greater
thickness than the former, reaches 24 m. 'The Mick-
witzia sandstone, the lower of the two divisions, is generally
scarcely accessible, at least not in natural sections. DBut in
the small TLugnas Hill, to the East of Kinnekulle, where
the sandstone is only to a small extent covered by alum
shale, from which LiNNARSSON mentions the fossils charac-
teristic for the Olenid shale, we have at many places penetrated

! As the generic name Medusites was previously used by GERMAR for some
problematical fossils that were by GorLpruss referred to Lumbricaria, WarLcorr
(Fossil Medusz. Monogr. U. S. Geol. Surv. Vol. 30. Washington 1898) proposed
the name Medusina instead.
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the sandstone in the millstone quarries; in order to get down
to the weathered Archaean (millstone rock) which forms the
substratum, and there the lower strata of the sandstone are
quite accessible. It is also there that the greater part of
the fossils of the sandstone were found.

b) The Lingulid sandstone is generally very thickly ban-
ked, loose, light-grey, wusually with yellowish-brown, rusty
flares and spots on surfaces exposed to the atmosphere, caused
by the weathering of the iron pyrites interspersed in it. Fos-
stls  (scarce brachiopods) are only found at Bjupadalen (NE.
of Alleberg) and in Kinnekulle. One of the upper sandstone
banks of Kinnekulle is highly calcareous, and the uppermost
surface of this stratum itself full of small pebbles of a sand-
stone highly impregnated with iron pyrites. This conglome-
rate 1s, however, fairly thin. The boundary between the Lin-
oulid sandstone and the Mickwitzia sandstone is never marked
in Kinnekulle, but at Presttorp, at the northern end of Bil-
lingen, there is, according to Linxarssox (1871), a conglome-
rate at the said boundary.

a) The Mickwitzia sandstone is hard, grey, but weathered
somewhat reddish. The sandstone, which is rich in mieca,
is as a rule divided into thin beds interstratified with thinner
seams of a greenish-grey clay. That it is a beach-formation
is also shown by its common ripplemarks and pyramidal stones.

The fossils are mentioned in the foregoing.

Even in the provinces adjacent to Viistergotland the sub-
stratum of the Paradoxides beds, where this is exposed, is
formed of a sandstone resembling the Lingulid sandstone. In
Ostergotland this latter has been encountered only at Svartin
River and at Motala River. In Niirke the extent of the
sandstone is rather considerable, but even there it is rarely
directly exposed.
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In Dalsland Gavernin (1909) found in the skerries along
the shore of Lake Viinern, about 20 km. S. of Amail, a grey-
green, at certain places conglomeratic, sandstone bearing
M. monilifera, Torellella laevigata and a Lingulid. This
sandstone 1s deposited in clefts in the Archaean rock. The
occurrences observed are Riifkulteholmen and adjoining skerries,
as well as an islet situated 5 km. further south, at Orne-
klofvarna.

According to Scumarenser (1892) and Howa (1893, p.
148), Horst found a gravelly sandstone with Torellella lavi-
gata Lixgrs. at Knallarna, SE. of Lake Guttusjon, in the parish
of Idre, in West-Dalarne. 1" laevigata has by O. K. Scn101z also
been found in lime-sandstone resting on another locality, viz. at
Liomviken, near the Norwegian frontier, SW. of the afore mentio-
ned place. According to Hoim (1893 p. 148, note 2) some
fragments of Olenellus have also been met with in the same
lime-sandstone. These fossils are also frequently found together
with Mickwitzia in boulders of sandstone and conglomerate from
the North-Baltic Silurian.

Beginning in  West-Dalarne, a belt of sandstones ex-
tends, with comparatively few interruptions, northwards along
the Mountain range and past Tornetriisk. In the geologi-
cal general map of Sweden compiled by TorNeBonM in 1901
(Sver. Geol. Unders. Ser. Ba, N:o 6) these sandstones pass
chiefly under the appellations: Dala sandstone, Wemdal
quartzite and Cambrian sandstone. 'The two first named are
now by 'TorNesonm reckoned to the Algonkian. As Dala
sandstone is also signified a sandstone deposit between Gistrik-
land’s liake Storsjon and the Bay of Giifle. I only want to
call to mind here TOrRNEBOHM’s earlier statement of 1877
(»Om sandstensbiickenet 1 Gestrikland.» — Geol. For. Forh. Vol.
3) to the effect that this sandstone was deposited contem-
poraneously with the Orthoceras limestone. At that time he
presumed namely that the formation of the Dala sandstone
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continued during the Ordovician. The occurrence of Silurian
deposits (Orthoceras limestone and Ceratopvge shales) resting
“on Limén Island, in the Bay of Giifle, seems, in my opinion, to
entitle some hesitation as to TorNEBOHM’s determinations of the
age of this sandstone. The Wemdal quartzite, a stratum in ToOn-
NEBOHM'S Seve group, is said to extend from the northern
end of Dalarne, through Hiirjedalen and Jimtland, up to
Lappland. What little I have seen of this formation, about
whose age especially TOrNEBORM (as well as Hognom) at different
times have had very divergent opinions which have given
rise to a literature of its own, does not entitle me to express
any definite opinion on this matter. Yet I think I ought to
mention that I have not been able to find any special reasons
why this sandstone should not be of Cambrian age. At Klof-
sjo0 Lake the border towards the considerably folded and
hroken Silurian deposits is quite the work of a dislocation.

In the northern part of the sandstone K. of the moun-
tain ridge SvENoxIUs has at several places, especially in the
mountains at Lake Tjiggelvas, in the parish of Arjeploug, and
at Lake Peuraur, in the parish of Jokkmokk, but besides that
also at the more northerly situated lakes Lajdaur, Satisjaur
and Kajtumjaur, found Ifyolithus in sandstones and argillites.

Already in 1884 Svexoxius distinguished (»Nya olivin-
stenstorekomster 1 Norrland.» Geol. For. Forh., Vol. 7)
these fossiliferous strata as a zone of its own, the » Hyolithus
zoner. In his work »Om berggrunden 1 Norrbottens lin etc.»
(Sver. Geol. Unders. Ser. C, N:o 126) he has a special
table for the sequence of strata in the Hyolithus zone. On
the lowest division, gneiss and hilleflinta, there are Scolithus
sandstone, thereafter grey-green shale with Hyolithus, then
black argillite together with phosphorite-conglomerate and, high-
est up, so called »Raman shale>. The Kurravaara area at
Torne River is considered as petrographically equal, but no
fossils have been found therein.
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At Lake Tornetriisk, where I have myself minutely in-
vestigated the lower strata of the division in Luopahta, Kaise-
pakte and Pessinenjokk, a 15 metres thick green argillite de-
void of fossils is encountered below the above mentioned 1.72
m. thick, fossiliferous, grey argillite of the Kjerulfi zone. Un-
der the green argillite there commenced sandstone, 50 m.,
which 1in its highest part had a thin band of impure lime-
stone and was also otherwise of a very varying appearance.
Especially remarkable were a » Leopard sandstone», white, with
big brown spots, as well as a greenish, thinly lamellated, and
another yellowish-grey, slaty sandstone, with black clay coatings,
which on some surfaces showed particularly beautiful narrow,
sinuous »trails» traversing each other. Under this sandstone
there are some green and red, fine argillites (30 m.), in which
Platysolenites antiquissimus Eicuw. and Hyolithus sp. were
infrequently found. Hereunder followed sandstones of varying
kinds (8 m.); below these a shale resembling greywacke with
unknown organisms. In the immediate vicinity of this cohe-
rent section the Archaean was seen covered by a coarse con-
glomerate, generated by weathering of the rock-ground, upon
which conglomerate we find sandstone of varying appearance
(8 m.) underlying greywacke shale.

Thus we have here below the Kjerulfi beds a series of
argillaceous shales and sandstones (the latter predominating)
of at least 76 m. thickness. The sandstones are partly so
like those belonging to the Lower Olenellus beds in Skine
that it is easy to mix them up.

We know of old that the Silurian deposits in Sweden
partly harmonize with those of England, partly with those
of Russia, or in other words, that the conditions relating to
the formation were similar in certain parts of the country for
certain periods, sometimes to those of a more south-wes-
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terly area, sometimes to those of a more north-easterly
area. Several questions here concerned have of late been
brought nearer to their solution, partly through J. G. Ax-
DERsSON’s  studies (1896) of the conglomerates of Oland, te
which attention had first been drawn by Horm’s journey in
Oland (1882), and of boulders found in Oland, partly through
WimaN's reconstruction of the North Baltic Silurian (1903
and 1907).

Even GroNwALL's researches into the Scandinavian Para-
doxides beds (1902) deserve in this connection to be remem-
bered. For that part of the Silurian period when these were
deposited GRrRONWALL considered himselt able to distinguish
two different Scandinavian Silurian areas, a south-westerly
and a north-easterly, which in certain points show a develope-
ment different to each other. In the former he includes
Bornholm, Skéne (and the Christiania district), in the lat-
ter Oland, Ostergétland, Nirke and Jimtland (as well as
Ringsaker in Norway). Viistergotland stands upon the transition
between the two. Through its well developed Oelandicus zone,
Oland is, as GroNwarLL has pointed out, really in very close
connection with Ostergotland, Niirke and Jimtland (in which
last mentioned province the nature of the rock indicates,
however, conditions which better agree with those of Skane),
but in southern Oland the remaining Cambrian, and chiefly
the oldest Ordovician strata, agree so closely with correspon-
ding deposits in Skane, that I want to look upon southern
Oland as belonging to the sputh-eastern Silurian area right
until somewhat after the end of the Cambrian period. First
after that, even this part of Oland passes over to the north-
eastern area. Jimtland (as well as Norway), on the other
hand, show great analogies with Skine during the older part
of the Ordovician period, while, on the other hand, the more
southerly situated Silurian of Dalarne, which during the middle
Ordovician period nearly agrees with that of Vistergétland.
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otherwise both in its lowest and in its highest Ordovician depo-
sits bears an Eastern Baltic impress. The Gotlandian of
Jimtland shows greatest analogy with that of Norway, that
of Gotland with the Russian, that of Middle Sweden with.
the Scanian (and that of England).

To trace the varying course of the development from
district to district, from period to period, would certainly have
been interesting. But for several reasons the remarks made
in the preceding must suffice. It is not enough to be
able to combine, in our times it is also necessary to have
tacts to combine. And, unfortunately, our knowledge of the
Silurian geology of Sweden is as yet much too defective.
As long as we discuss in full earnest the question relating
to overthrust areas 100 km. broad, where the Archaean is
hiding the Silurian deposits, or concerning mighty Silurian
beds whose highest parts, right through entire series of strata,
have been metamorphosed into irrecognisability, whilst the
Silurian bottom strata, at the spot, or at least in the immediate
vicinity, are normally developed and preserved, so long it is
clearly impossible to obtain or give any reliable review of the
general chorology.

I would only like to add one thing. Pretty often we
see in our geological literature more or less direct statements
to the effect that the Silurian sea has entirely covered Swe-

den, and this with the meaning that at one time the sea

has occupied the entire area belonging to Sweden. The
strata then deposited would afterwards through dislocations
have been divided up into separate areas, of which the denu-
dation has generally left behind only those most depressed.
That more or less local elevations and depressions occurred
already during the Silurian period can hardly be more clearly
shown than through the conglomerates and gaps in the series
. of strata which in Oland have been observed from the upper

part of the Cambrian and the lowest part of the Ordovician
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series. It is (uite manifest that such oscillations, due to
whatever cause, occurred even in the rest of Sweden, and were
there of consequence for the limits of the sea, as well as for
the distribution of the sediments. Tf we further look at such
facts as that, that the Silurian in Dalarne commences with
the Ordovician, or that the Mickwitzia beds of Viistergotland
rest directly upon the Archaean, whilst the corresponding
horizon in the sandstone of Skéine certainly belongs to the
upper part of the sandstones, from which it is thus seen that
the Silurian sea must have encroached upon different parts of
the country at different periods, it strikes me as most probable
that parts of Sweden at times lay above sea level during
the Silurian period, as well as that the depth of the sea
changed during different periods, at different places.

I did, of course, not in any way want to deny with
this that foldings and dislocations played a part with regard
to the distribution of the Silurian areas such as they now are.
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