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IlL THE CAMBROVICIAN PULSA TION 

INTRODUCTION AND DEFINITIONS 

The term CAMBROVJCIAN is proposed to cover the 
f ormations of Up per Cambrian and Lower Ordovician age, 
\vhich form one pulsation. In general, wc ma.y consider 
that the Upper Cambrian portion as originally used by the 
British geologists, forms a transgressive series, that is, up 
to and including the Trernadoc series. The Lower Ordovi­
cian, or the Arenig of Briti sh terminology, forms the re­
treatal series . The fact has been generally recogni zed that 
there i s  an inti mate relationship between the Upper Cam­
brian and the Lower Ordovician and that faunally they have 
much in common . Moreover, there can now be no longer 
any doubt that the Lower Ordovician retreat is un iversally 
recognizable in the rocks. I have called attention to this 
feature in American stratigraphy in a number of publica­
tions and in 1916 I summarized all the facts then kn own 
to me for Europe and America, bearing on this  problem.l 

Since then we have been able to show the same phe­
nomena to be characteristic of the Cambrovician formations 
of both North and South China. There can then be n o  
longer any question , that we are dealing here with a major 
pulsation , and if it can be shown that the period of Lower 
Ordovician retreat is accompanied or followed by a tectonic 
disturbance, such as characterizes practically all the later 

1 A. W. Grabau. Comparison of American and European Ordovi­
cic formations. Bull. of the Geol. Soc. of America. Vol. 
XXVII, pp. 565-622, Nov. 29th, 1916. 
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inter- pulsation periods in at least · some sections, the evid­
ence for the independen ce of the Cambrovic ian pulsat ion 
will be complete. 

In lieu of the tectonic di sturbance we may place the 
pronounced volcani c  activity which characterized the period 
of Lower Ordovician retreat, and form cd part of the emer­
gent series. Moreover, i t  is  significant that this volcanic 
activity was largely confined to the marginal portion of the 
Old Land, from which a very large sup pl y of the original 
sedi ments was derived. 

Since both the Cambrian and Ordovician divi sions of 
the geological column are founded on the European, especi­
ally the British succession,  we must base our subdivision s, 
though not necessar ily their l imitations, on the European 
standard, but we are bound to recogni ze the important fact, 
that the European sections give us a very imperfect and 
in complete representati on of the deposits formed during 
these per i ods. In their typical mar ine development they 
are often of surprisingly small thi ckness, and where the 
deposits are thick, they are to a very large extent of the 
continental type . 

It is perhaps but natura! that British geologists, in 
whose country we have such extensive development of the 
Cambrovician succession,  should have for a long time failed 
to recognize the true sign ificance of large parts of them 
as con tinen tal deposits, and cven felt constrained to regard 
their remarkable volcan ic series, as representing submarine 
outpourings. 

Two reasons may pcrhaps be cited for this.  In the 
first place Great Britain, where the principles of our sci­
ence were originally formulated, is today a region in which 
sedimentation is largely confined to the surrounding marine 
waters, or to lakes of very limited extent. Of broad r iver 
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plam sediments, such as characterize North China, northern 
India, Mesopotamia etc., or even of extensive inland river 
deposits, like those of the interior of Australia, no repre­
sentation is found on the British Isles, or for that matter 
in Europe generally. 

If the old Chinese philosophers had ceveloped their 
(on the whole surprisingly modem) theori�s of earth origin 
into a practical science- in other words, if m<Jdern geology 
had taken its rise in Eastern Asia instead of Western 
Europe, an earlier understanding of continental sedimenta­
tion would have been obtained, and the Old Red Sandstone 
would never have been regarded as a lacustrine deposit. 

The second cause of a misinterpretation of the nature 
of the early Palæozoic sediments is, in my belief, the 
mistaken doctrine of the deep-water origin of the grapto­
lite shales, so brilliantly promulgated by the late Professor 
Lapworth, and so ably championed by Walther and Marr 
in Europe and by Ruedemann in America. 

I was first led to question the correctness of this 
doctrine, which l believe is still very generally .held, by a 
study of the graptolite-bearing beds and associated sedi­
ments, in the Moffat District in southern Scotland, the 
dassical region which served Lapworth for the basis of his 
doctrine. 

Subsequent study of many of the American graptolite­
bearing beds confirmed rather than weakened my convic­
tion of the seaborder, mud-flat, or delta origin of most of 
these deposits. The results of these studies, supplemented 
by the careful work on the literature of the subject by 
Dr.' O'Connell, were presented in 19 1 6  before the Palæon­
tological Society of Amer i ca and published in 1 917.1 

1 Bull. G S.A. Vol. 28, pp. 959-964, Dec. 1917 
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Several years later, in 1921, the same question was 
raised by Dr. Hans Scupin, with reference to the Dt"c­
tyonema shales of the Ba.ltic region.l Finally in 1929 I 
again discussed this subject at length, comparing the argu­
ment on both sides of the question. 2 

Without repeating the argument, I may briefly state 
that I consider the main mass of the graptolite-bearing 
deposits, which consist of arenaceous sediments, as river­
plain or delta deposits of the type now forming on the 
great China Plain or the Plain of Northern India, and that 
the thin films of black mud, which are the chief graptolite 
repositories, represent a succession of temporary floodings 
by the sea of a more or less extensive marginal belt of 
these plains, the graptolites being the holoplanktonic or 
epi-planktonic organisms, left stranded over these mud-flats 
on the retreat of the sea and buried by the renewed ex­
tension of the river.spread sediments. 

I would like to refer to this process of repeated 
short-lived submergence of the delta or coastal plain by 
the sea as a process of ''MARINING" and shall designate 
such coastal deposits as having been repeatedly MARINEn, 

it being clearly understood that such mannmg is a very 
temporary flooding, not long enough to permit the immigra­
tion into, or development of a normal marine fauna in the 
submerged area. When the submergence is sufficiently long 
enough to permit the development or entrance of such a 

l Ze itschrift der Deutschen Geologischen Gesellshaft. Vol. 

LXXIII, pp. 153.165. 

2 A. W. Grabau. Origin , Distribution and mode of Preservation 
of the Graptolites. Memoirs of the Institute of Geo]ogy of the 

National Reserch Institute of China No. 7, August 1929, pp. 
1-52. 
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fauna the phenomenon will be ref erred to as a marzne 

submer gence. 
Such a submergence may be a part of the transgrcss­

ing or positive pulsatory movement, or it may occur even 
during the negative portion of the pulsation, when the 
effects of the retreating sea are locally nullified by a more 
pronounced subsidcnce of the geosynclinal area; in other 
words by oscillatory movements of the land. In this way 
we can explain the occasional occurrence of strata indica­

ting submergence, within the general retreatal series of 
deposits. 

It is  a well known f act that graptolites made their 
world-wide appearance in Tremadoc time, that is, during 
the period of extreme transgression of the Cambrovician 
seas. That. graptolites existed before this time, is not 
only indicated by the fact that the first wide-spread types 
are of a highly complex and specialized character, and 
therefore must have had a long series of ancestors in the 
succeeding Cambrian period, but is pr oved by the fact 
already referred to, that graptolites have now been found 
in fair numbers, not only in Upper Cambrian sedimen ts, 
but in Middle Cambrian as well . (see mtte I, p. 182, (IV, 
p. 348) also Science July 6th 1934 Vol. lxxx p. 15.) 

In my 1929 graptol ite paper, I suggested that as the 
graptolites could obviously not exist as floating organisms 
in the Cambrian seas which supplied the faunas of most 
of the known Cambrian regions, because they were so con­

spicuously absent from these deposits, they must have ori­
ginated in a water body then isolated from the other 
Cambrian seas and only establishing connection with them 
at the opening of Ordovician time. The western Pacific 
seems to qualify in this respect, and I have given the 
palæogeographic evidence which in.dicates, that on the basis 
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of the present location of contincnts and ocean basins, the 
distinctness of the Pacific from the n eighbouring lndian 
Ocean was indicated ( see maps pp. 5 & 7 of the article 
referred to ) . 

lf however, we have to accept the existence of 
Pangæa in early Palæozoic time, it is much more difficult 
to explain thi s  Cambrian isolation of developing graptolites. 
Either we have to postulate an extensive barrier by a pro­
nounced prolongation of Cathaysia, or else we have to 
make the assumption that graptolites were purcly benthonic 
organisms until the open ing of Ordovician time and that 
their mero-pJanktonic stage, if i t  existed, was of such 
short duration that extensive floatation was out of the 
question. 

So far as the evidence now available indicates, the 
main center of distribution remained i n  the ln do-Pacific 
Province throughout the period of existence of the Grap­
tozoa, and that was apparently also the region of their 
chief evolution, although it is possible that some modifica­
tions of varietal if not of specific nature may have occur­
red wi thin the geosyncline. 

lf then, we regard the presence of graptol ites as in­
dicative, not of deep waters, but of shore conditions, and 
the repeated marin in g of the coastal areas of con tinental 
deposits, we obtain a new and, as I beli eve, a more cor­
rect picture of the palæogeographic conditions that existed 
in the Bri tish region during early Palæozoic time, especially 
the period of Arenig retreat. 

This retreatal period is marked in the Baltic region 
by I;mestone deposits, the limestones merging very often 
into black graptolite shales, especially in the landward por­
tion. The relatively slight thickness of these shales, and 
the frequent uniform character and colour throughout, cannot 
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of course be interpreted in the same way as the British 
Arenig rocks, though the inclusion of the graptolites would 
indicate a similar process of marining. These Baltic grap­
tolite beds may perhaps hetter be regarded as pure mud­
flat deposits, formed on a low coast, where streams of very 
low grade spread only the finest muds, comparable some­
what to those of the Mississippi delta. 

In considering the extensive clastic sands of the late 
Cambrian and early Ordovician, which in some of the 
British sections reach as much as 3,000 ft, we are at a 
loss for a proper designation for the deposits of this 
nature. It would not be correct to speak of them as river 
flood-plain deposits, for that term includes those deposi ts 
formed on the periodically river-submerged or "fluviated" 
portions within the stream valley, and may be far removed 
from the coast or even entirely inland. Nor can we speak 
of these as coastal plain deposits, for, as that term is now 
used by physiographers, it represents a coastal belt of 
deposits which are in part at least older marine sediments, 
that have been exposed again by the retreat of the sea, 
as in the typical example, the Atlantic coastal plain of 
North America. 

As already noted, I regard these ancient sediments 
as more nearly represented among modern deposits by the 
great plain of North China, formed chiefly by the Yellow 
River or Huang-Ho, or by the Indo-Gangetic Plain  of 
Northem India and the Euphrates-Tigris Plain of Meso­
potamia. These are formed of river sediments deposited 
in slowly subsiding geosynclinal regins, in which the surface 
remains for the most part at a uniform elevation above 
the sea-leve!, sedimentation of the continental type keeping 
pace with the slow depression of the geosyncline. Thus 
the material retains a relative uniformity of grain through-



8 A. W. GRABAU: CAMBROVICIAN PULSATION 

out, whih� the thickness of the series is only limited by 
the period of continuity of the processes of subsidence and 
sedimentation. 

Wc know that the Indo-Gangetic Plain has been 
sounded to a depth of approximately l ,000 ft. below sea­
leve!, without evidence of marine invasion. The Huang-Ho 
Plain has been sounded to a somewhat lesser depth and is 
likewise of continental character, except in its upper por­
tion, where a single temporary submergence permitted the 
accumulation of marine shells in the Tientsin region, and 
of great oyster shell deposits in the region between Tien­
tsin and Taku Bar. Excavations at Tientsin however, have 
disclosed beds of fresh-water mussels ( Lamproteula) about 
70 ft. below sea-level, while wells drilled in the Peking 
area, have furnished fresh-water shells from beds several 
hundred feet below the surf ace. 

In Shantung, wells over 500 ft. in depth have shown 
only uniform river-laid sands, like those on the surface. 
Be!>ides the one recognized late marine submergence, which 
extended at !east as far as Tientsin, there have been 
numerous coastal flood ings or marinings many to them 
within the period of Chinese recorded history. These 
I have summarized in my 1929 graptolite pa.per, (PP· 28-
32) where I record 27 of them ranging from A; D. 146 
to A. D. 1628. 

Since the great Huang-Ho Plain extends for nearly 
its entire front along the sea coast, except where inter­
rupted by the rocky Monadnock Island mass of Shantung, 
which it is gradually enveloping as it grows seaward, this 
plain may well serve as a type· of such deposits which we 
now realize have occurred in all geologic periods. 

As. is well known the plain is roughly triangular or 
delta-shaped with a frontage along the coast of some 300 
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miles and extending back to its head at the foot of the 
moun tains, for a distance of another 300 miles.l The 
greatest elevations of this plain at its head is not much 
over 400 ft., thus giving a surface slope averaging l 1/3 
ft. per mile. 

I propose to use the term HUANGHO PLAIN DEPOSITS, or 
briefly HUANGHO oEPOSITs for sediments in all geologic per­
iods, comparable to those of the modern Huang-Ho Plain . 
Two types may perhaps be recogni zed, the HUANGHO de­
posits of oxidi zcd sands and muds and those of un oxidized 
material. The greater part if not the whole of the modem 
Huang- Ho Plain is made of oxidized material, analysis 
giving as high as 7 per cent or more of hydrous oxide 
of iron, so finely distributed that i t  i s  responsible for the 
yellow colour, an d inc identally that of the Yellow river and 
Y ellow Sea, murky with suspended sediments. 

Such deposits are destined to produce a red-bed series 
i n  the geological future, for it i s  we11 known that the 
amount of iron disseminated in Red Bed Series generally 
is no greater and often even less, than is that of the 
deposits of the Huang-Ho Plain, or of the loess, which to 
a large extent forms the source of the sediments of this 
plain. The Old Red Sands tone of W estem Europe is 
perhaps our best example of a fossilized huangho plain, 
composed of oxidi zed material. 

When the source of the material of such a pla in is 
the more normal type of river sedi ments, derived from 
erosion and disin tegration of the rock in non-arid regions, 
the sediments will lack the oxidized iron content and the 

1 It should be noted however. that in a number of lvcalities. the 
material of the plain forms merely a veneer over the Tertiary 
or older roks. 
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deposit will rernains light-coloured or assume bluish or 
gray colours when consolidated . It is the latter type of 
huangh o deposit, which appears to be dominant in the 
Cambrovician series of Wales, though red colours among 
these strata are not uncommon. 

Not until late Silurian or Devonian time howexer, was 
oxidation of the sediment so wide-spread, in Great Britain, 
that the rocks became prevailingly red sandstones and shales. 

I have referred on an earlier page of these studies 
(Vol. l, p. l 7 J (IV. 368) ) to the improbability that a 
pers istent and important hiatus will be discovered in Europe 
between the Upper Cambrian and Tremadoc or between 
the latter and the Aren i g , such as is required for the 
insertion of Ulrich's Ozarkian system. In the discussion 
of these sections which follows, it will appear that though 
there are local interruptions in the series, the general con­
tinuity of the Cambrovician sediments cannot be questioned. 
It must however be emphasized that there has been found 
a weU-marked local hiatus between the Tremadoc and Arenig 

. 
in a number of places in North Wales, but this hiatus is 
readily explained as a consequence oi emergence at the 
beginning of thE! regressive period of the Cambrovician 
pulsation. As a result of, this emergence, the old sediments 
of the transgressive series, themselves to a large extent 
of the huangho type, but temporarily covered by the sea 
in the Tremadoc period, became subject to erosion, and were 
covered by a subsequent deposit of the backward aggrading 
river sediments in Arenig time. ( see the more detailed 
discussion postea) 

In southem Sweden there is a suggel;tion of slight 
interruption of sedimentation between the Upper Cambrian 
and the Ceratopy ge limestone, the representative of the Tre­
madoc, but a more mar kt!d one between the latter and the basal 
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Ordovician Planilimbata limeston e.  In North China, Iocal 
erosion features and basal conglomemtes occur between the 
Upper Cambrian ( Fengtien series) and the basal Ordovi­
cian Yehli l i mestone in the Kaiping Basin of Hopei -pro­
vmce. This has al ready been ref er red to on page · 5 14 of 
Vol I (IV; p. 7 IO). Though pronounced locally, this has 
not the magn itude or signifi cance of the hiatus found at 
the base of the Upper Cambrian or that between the 
M.iddle arid Lower Ordovician of the same region . 

That the Upper Cambrian of the Caledonian geosyn­
cline, espccia1ly in the Baltic l"egion, is in complete, can 
hardly be questioned in view of the slight thickness of the 
sediments, though at presen t we are not in a posttton to 
evaluate these deposits as fully as was possible in the case 
of the Middle Cambrian . 

A comparison of the Baltic and British section how­
ever, brings out the fact of pronounced inequality, for the 
Baltic Upper Cambr ian can at best represent on ly a part 
of the upper or Do�gelly division of the Upper Cambrian 
of the British section, and only a part of the Mæntwrog 
or lower, the middle part being unrepresented by sedi­
men ts. 

But the greatest problem with which we are confront­
ed i s  the problem of the origin of the Cambrovician 
faunas of the Caledon ian geosyncline. Those of the Ap­
palachian and of the Palæo-Cordilleran geosyncl ines are 
easily explained, the first as being derived from the Ozar­
kian Epi-Sea and the second from the Boreal Epi -Sea, with 
perhaps a limited amount of intermingli ng of the · two. 
But whether the Caledonian geosyncline dcrived its fauna 
from the Siberian Ep i-Sea or from some other source i s  
at present wholly undetermined.  A s  we shall see in  the 
discussion of the known Siberian deposi ts there is at 
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present l ittle or no evidence th.at the Caledonian Cambro­
vieian faunas were derived from that source, and there is 
indeed some indication that the Siberian Epi- Sea was the 
home of the Beekmantown Lower Ordovician fauna, as 
found in the Northern Appalachian geosyncline and the 
North Chinese portion of the Cathaysian geosyncline . lf 
the Siberian region is ruled out we ma.y have to look to 
the lndo-Pacific Epi-Sea and South China for the source 
of both the Upper Cambrian and Lower Ordovician faunas 
of the west European region, unless we may assume the 
existence of an independent Fenno-Scandian Epi-Sea, or hold 
that the Atlantic was in existence and provided this fauna. 
Hut to both of these assumptions there are certain grave 
objections which will be considered later. 

I ha ve al ready adduced evidence that a very important 
element of the Cambrovician fauna, namely the graptolites 
can be regarded as of lndo-Pacific origin, but the source of 
the trilobite element is at present obscure, and investiga­
tions now going on in South China are directed towards 
the elucidation of this problem. That the essential elements 
of the Middle Ordovician fauna of Europe are of lndo­

Pacific origin, has already been emphasized repeatedly in 
the works dealing with the corresponding faunas of South 
China. 

In my original article on the Pulsation Theory, (in 
the Proceedings of the l 6th International Geologied Con­
gress I have called attention to the remarkable correlation 
between the periods of tectonic disturbances, recognized by 
Stille, and the interpulsation periods of the Palæozoic suc. 
cession. No pre-Taconic disturbances have been positively 
demonstrated so far, but if I understand correctly the 
meaning of the Polish geologist, there is some evidence of 
a period of folding and erosion in the region of the St. 
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Croix Mountains of Central Poland, while some statements 
of Obrutchew lead to the supposition that a similar fold­
ing is indicated. in Western Siberia. These facts will be 
more fully discussed after the details of the sections have 
been given. There can however, be no doubt of the signi­

ficance of the Cambrovician-Ordovicien inter-pulsation igne­
ous activity in Great Britain, and .· though this was not 
accompanied by any known folding, its period of occurrence 
is as significant as are those of the successive periods of 
folding in the subsequent inter-pulsation periods. 

Although the European succession must serve as our 
standard of correlation for the Upper Cambrian, by virtue 
of its historie priority, it cannot be compared in magnitude 
of development with the corresponding depos its of the 
southern Appalachian geosynclines. Because of their litho­
logical and faunal distinctness, these southern American 
deposits were regarded as representing a distinct system, 
the Ozarkian . In the establishment of the sequence and 
unity of this system, Dr. E. O. Ulrich has rendered such 
service to our seience, that his name must henceforth be 
included, with those of the older geolog ists, among the 
founders of the Stratigraphy of the Palæozoic Systems. 
That I cannot agree with him in regardin g this system as 
an indepen dent intercalation between the Cambrian and the 
Ordovician, in no wise detracts from my admiration for 
the importance and magn itude of his pioneer work in 
American Stratigraphy. The absolnte uniqueness of the 
Ozarkian series is in itself suggestive of its distinct sys­
temic position. It is only when viewed in the light of the 
palæogeographic development of the earth as a whole, that it 
becomes possible to explain its uniqueness, and enables us 
to. recognize its t rue position as a preeminently Amcrican 
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representative of the Upper Cambrian transgressive portion 
of the Cambrovician Pulsati on.  

Except for the fact that Ulri ch's term Ozarkiari i s  
l imited ·· t o  the transgressive series, while the r egressive 
series is covered by his ter.n Canadian, i t  would have been 
possible to use the term Ozarkian Pulsation, in stead of 
Cambrovician. As it stands, the Ozarkian epoch is the 
transgressi ve port ion and the Canadian epoch is the re­
gressive portio'1 of the Cambrovician Pulsation . 

Because of the historie importance of the European 
Upper Cambrian and LO\ver Ordovieian deposits, we shall 
begin our detailed discussion with the Caledonian geosyn· 
cline, and because of the possible relation of the Chinese 
deposite to them, they will be considered in the second 
place. Afterwards we shall turn to the American deposits. 

THE CAMBROVICIAN OF THE CAL.ELJO­

NIAN GEOSYNCLINE 

North Wales. 

North Wales is the classi cal district for the Cambrian 
system, for it was there that Sedgwick first studied this 
portion of the Old Greywac� Series. In his Cambrian 
system he included the rocks n ow. separated as Ordovician 
which together with the Cambrian forms the greater part 
of the mountainous coun try of the two north western coun­
ties of Wales, z·. e. Mer ionethshire and Caernarvonshi re. 
Though the rocks are much disturbed, especially by faults 
and igneous in trusion as well as flows, the broader 
structural features are comparatively s imple. The central 
portion of the strnctural unit is  formed by the great 
truncated HARLECH DoMr, whi ch constitutes the n orthwestem 
part of Merionethshire, with an east-west diameter of some 
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fifteen miles, and a north-south diameter of about twenty 
miles. Its eroded western side forms the coast l ine of 
Cardigan Bay from Portmadoc south to Barmouth . Just 
south of i ts central axis is Cader Idris and a few miles 
north of this peak is the classical Iocality of Dolgelly, 
from which the upper or Dolgelly division of the Upper 
Cambrian has received its name. A little north of the 
eastern end of the east-west axis of the dome, is Mount 
Arenig ( Arenig Fawr ) the classical local ity for the Arenig 
division of the Ordovician. Less than ten miles to the 
east is  the town of B::tla, another classical local i ty for late 
Ordovician rocks. Along the northern border of the dome, 
are the hamlets of Ffcstiniog on the central axis, and 
Maentwrog about 2� miles further west, the localities which 
have lent their names to the middle and lower division of 
the Uppcr Cambt ian of Wales. Six or scven miles due 
west from Maentwrog, and only about a mile north of Port­
rnadoc is Tremadoc the type region for the Trernadoc 
shales, which by the British gcologists have generally been 
classed with the Upper Cambrian, while Continental geo­
logists are inclined to refer them to the base of the 

Ordovician. All of these localities Iie near the Ollter rim 
of the Harlech dome. 

Originally this dome was covered by the Ordovician 

as well as by the Silurian strata, but during the peneplana­
tion of the region, these have been cut away from the top 

of the dome and now form a series of rimming beits. 
Walking outward in all directions from the center of the 
dome, one meets the Ordovician strata except on the west, 
where they have been removed by erosion on the seacoast, 

though both on the north in the pen in sula which forms a 

large part of Caernarvonshire, and on the south they are 
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still preserved. Outside of the ri mm ing belt of the Or· 
dovician, is that of the Silurian . 

North of the Harlech dome, and formin g the northern 
part of Caernarvonshire, is a second eroded dome, the 
LLANBERJS Dmm in whi ch the early Cambrian strata are 
again exposed . The centers of these two domes are less 
than � 5 miles apart, and they are separated by a syncline 
in which the Ordovician strata are preservecl for a wiclth 
of from 8 to l O miles. Near the northern edge the 
Ordovician strata of thi s  syncline rise to form the sum mit 
of Mount Snowdon , the highest mountain of Wales ( B5f>O 
ft. ) . Thi s  l ies about 20 miles in a straight line northwest 
from Mount Aren ig and about 30 miles, slightly west of 
North from Cader Idris (2,929 ft. )· 

Simple then as the broader structure of th i s  region 
proves to be, the complication s are brought about by the 
numerous igneous intrusions and lava-flows which 1ocal1y 
modify the series, and the many faults whi ch tran sect it. 
A n umber of these faults are parallel thrusts, forming only 
slight angles with the bedding planes an d thus obscuring 
the stratigraphic succession. 

The most detailed recen t studies in this  classical re­
gion are those by Professor W. E. Fearnsides , of Cam­
bridge, and they are especially concemed with the Tremadoc 
and the Arenig.l 

1 W. E. Fearnsides. The Tremadoc slates and associated rocks of 
Southeast Caernarvonshire. Quarterly Journa l of the Geological 
Society of London, Vol. LXVI, 1910, pp. 142-188, with geo­

logical map and section. Ibid, On the Geology of Arenig Fawr 

and Moel Llyfnant. Quarterly Journal of the Geological Society 
of London Vol. LXI, 1905, pp. 608-640. with geological mai> 
and sections. 
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In the earlier studies of Belt on the Upper Cambrian 
of this region the threefold subdivision of the old Lt.ngula 
flag series into the Maentwrog, Ffestiniog and Dolgelly 

are established and their distinctness from the underlying 
Menevian series is shown.l The recent studies of Nicholas 
on the St. Tudwal's region of the Lleyn Promontory of 
Caernarvonshire, have already been referred to (Vol. I page 
359 (IV. p. 59I)) and though his work was chiefly con­
cerned with the Middle Cambrian, he also gives important 
facts conceming the higher beds, of which we shall take 
note. 

The general succession of the Ordovician and Upper 
Cambrian beds in the Ynyscynhaiarn district of southeast 
Caernarvonshire is as follows : 

ORDOVICIAN 
CARADOC SERIES 
In the western or Criccieth region: 

6 Rhyolitic ashes and agglomerates, variable dark­
gray and shivery slates, banded, but with no 
distinguishable horizons. 

( In the Tremadoc District 4-5 miles 
northeast, this horizon is represented by 
a gray slate series often strongly banded, 
with Trt"nucleus and Orthis etc. in the 
upper part, and preceded by andesitic 
ashes and ashy shales. ) 

LLANDEILO SERIES. 
5 Dark-banded slates, with intense cleavage, no 

fossils found. 

l Thomas Belt. On tbe Lingula Flags or Ffestiniog group of the 
Dolgelly District. Geologi ca} Magazine Vol. IV for 1867, pp. 
493--495, and 536-543. 



18 A. W. GRABAU: CAMBROVICIAN PULSATION 

(In the Tremadoc District, vesicular an­
desites are preceded by blue-black slates, 
contammg graptolites of the zone of 
Nemagraptus gradlis) 

4 Earthy slates with occasional "tuning fork" 
graptolites 

Hz.atus & disconformity 

CAMBROVICIAN 
Ill. ARENJG SERIES 

3 Shivery slates, passmg downward into the un­
derlying beds. 

2 Flaggy gri ts yielding Calymene parvifrons 
l Basal conglomerate grit 75 ft. 

( In the Tremadoc Di strict, the 
conglomeratic grit of Ynys Towyn 
i s  immediately succeeded by the 
Middle Ordovician Nemagraptus 
gradlt"s beds, with apparently a 
disconformity between them. ) 

Discon.formity 

Il TREMADOC SERIES 
l. Garth Hill Beds. 

Gray blue slates with Angelina 
etc. 

120 ft. -t 

H. Penmor.fa beds. 100 ft. -1 

Flaggy sand sto nes and thin- bedded 
slates wi th S humardia and the 
Shineaton fauna. 

G. Portmadoc Beds. 200 it. 
Thickly bcdded feldspathic slates 
with occasional Asaphellus and 
Bellerophon in the upper part. 
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F. Moelygest Beds. 240 ft. 
Banded gray slates and mud­
stones, few fossils Acrotrefa and 
Bellerophon. 

E. Dictyonema band. 20 ft. 
Bright rus ty, blue-gray mud­
stones with abundant Dictyonema 
sociatt:s 

D. Tynllan or Niobe beds. 200 ft. 
Thin-bedded rusty shales with 
some hard gray mud-stone hands, 
containing Niobe and Psz"loce­
phalus ( S ymphysurus) 

I UPPER CAMBRJAN SERIES 

C. Dolgelly Group. 275 ft. + 

7. Sooty black mud-stones with 
Peltura .rcarabæoides 

6. Blue black mud-stones, with 
Ag11ostus trisectus 

5. Black s!ates with calcareous 
hands, often crowded with 
Ortkis ( Orusia) len#cularis 

4. Dark flaggy slates with Par­
abolina spinulosa. 

B. Ffeslim"og Group. 1750-1 850 ft. 
3. Gray-blue slates and flags, 

crowded with Litzgula davisiz" 
50 ft. 

2. Gray flags and graywacks, 
wi th some coarser hands. 

1 700-1800 ft. 
A. llfæntwrog Group. 300 ft. 

1 . Rusty, gray and blue shales, 
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with thin hands of feldspathic 

graywacks 
The base of the section is not ex­

posed, but as has already been shown 
( Vol . I p. 396)  the cvnta.ct with the 
Middle Carnbrian is seen in St. Tudwal's 
Peninsula, some 2 0  miles west along 
the coast. The Mæntwrog beds rest 
disconformably on the Nant-Pig mud­
stones of Menevian or Middle Cambrian 
age. 

The characters and relationships 
of these several subdivisions may be 
noted more in detail. Reference to the 
paper by Fearnsides should also be 
made, especially to his map and sec­
tions. 

A. Maentwro g Beds. These are also known as the 
rusty flag series and consist of an alternation of thicker 
masses of shales and extremely fine- grained flaggy beds 
\Vith layers or bands of feldspathic graywack, often gritty 
and massively bedded and quite distinct from the enclosing 
beds, ranging in thickness from a few inches to a foot. l  

There are some thin intruded sills o f  doloritic rock. Fos­
sils are few and ill-preserved in this section, but specimen s 
of Olenus cataractus from one to two inches long have 
been found as · well as specimens of Agnostus and Con­
ocoryphe. A few LZ:ngulas have also been found. 

B. The Ffestin.Z:og Flags. This great series of flags 
and alternating fine and coarse material has been referred 

to as a shallow water deposit, but it would probably be 

1 These are the "ringers" of Fea.rnsides. 
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more correct to regard it as a great r iver delta-plain deposit, 
comparable to the modem Huangho beds in all respects 
except the oxidation of the material .  That the region was 
occasionally flooded by the sea is shown by the sporadic 
occurrence of a few fossi ls, though these are said to be 
exceedingly rare. As a matter of fact, Feamsides only 
ci tes Scolithus and Cruziana .1.s cvidence of the presence 
of organ isms, but thesc borings and tracks coul d just as 
readily have been made above sea-level. A few Littg-ulella 
have also been found in the middle part of the series. In 
the graywacks, feldspars are comm :m, though these are 
generally more or less decomposed. Cross-bedding is also 
characteri stic of these graywacks. 

Fearnsides ha s found it  possible to make the follow­
ing lithological subdivision, each generally grading into the 
next .  In descending order . 

f> .  Dark-rusty-coloured flags with about 7 
maj or masses of graywack 3 f) O  ft . 

4.  Thick-bedded gray grits, with gray flag 
partings, passmg upward into gray 
flags 2 5 0  ft. 

3. Flags with occasional Lz'ngttlellas, with 
from 3- 5 subdivisi ons 3 0 0  ft. 

2 .  Massive grits with a few layers of flags 
wi th 4 or G minor subdivisions 4 0 0  ft. 

l .  Dark- gray flags, alternating thin and 
thick beds, subdivisib!e into 8 or 9 
subzones 400 ft. 

The Lingulella Beds of the Ffestim'og. This is the 
topmost layer about 50 ft. in  thickness . It contains nu­
merous shells of Lingzt!ella davisii, but no · other fossils 
have been recorded. The beds however, seem continnous 
and recogn izable over a w ide area. 
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C. The Dolgelly Beds. These are also known as 
the Black Band series in this district and they form a 
readily mappable lithological unit. Resting immediately 
upon the Lingulella flags, are dark-gray to black shales and 
flags, characterized by the trilobite Parabolitta spinulosa. 
Flakes of mica either primary or secondary are character­
istic of the beds higher up and cone-in-cone i ronstone con­
cretion s  also occur. Same hands of the higher portions 
are crowded with shells of 01-th is (Grusia) lenHcularis, these 
making calcareous layers.  They are succeeded by the 
Agnostus trisectus bed, which also contains A. pisiformis, 
Peltu?'a and Dicellocephalus. Sooty-black mud-stones, with 
Peltu1�a scarabæoides form the highest division of the 
Dolgelly Beds. 

D. Tynllan Beds . Fearnsides has argued that the 
next overly i ng Niobe or Tynllan beds which are commonly 
referred to the base of the Tremadoc Series should be 
included with the Dolgelly, and the Tremadoc series made 
to begin with the Dictyonema beds. The Tynllan beds 
consist of dark, massive fine-grained an d aften pyritous 
lutytes and very fine arenytes, which break in a splinterin g 
manner . They are continuous downward into the Black 
Band of the Dolgelly and have a thickness of about 200 

ft. The most abundant fossils are found about one third 

the thickness from the base . The se include : 

TRI ! .OBITES 
Niobe homfraJ'i Salter 
Psilocephalus innotatus Salter 

. Shumardia sp .  
Agnostus sp.  

Pnvu.oPODS 
Hyme1zocarz's vermicauda. 
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BRACHJOPODA 

Acrotreta sp. 
Lt'ngulella lepis Salter 
Lt'1tgulella sp. 
Obolus sp. 

Hvor.ITHIDS 

Hyolithis ( Theca ) sp. 
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E. The Dictyonema Bed. This is  a persistent and 
readily traceable dark shalc, 1 5-2 0 ft. in thickness and 
abounding in Dictyomma sociale Salter.  The dark shale in 
which the Dictyonemas occur is banded with pale bandings 
which comes to a maxima 3 or 4 ti mes in each inch and 
consists of fine-grained material. A few other fossi ls  have 
been found but they are rare. Those recorded in clude a 
few Lz'ngulas, some Acrotreta and sponge-spicules which 
may be Protospongia. An occasional pygidium of Psiloce­
phalus, some thoraci c segments and a cephalon of a Pel­
tura-l ike trilobite have also been obtained as well as a 
trilobite not unlike H ysterolenus tornquisti. 

F. Moelygest Beds. These gray rusty weather ing 
shales, which overlie the Dictyo11ema beds, appear to be 
a.lmost devoid of fossils. Those found are an orthoid re­
sembling Orthis crt'stianiæ, a few Acrotreta and poorly 
preserved Bellerophon. 

G. Port Madoc Flag-s.  These mark a return to the 
more or less feldspathic arenaceous deposits, which in large 
part are probat ly of river flood- plain origin ( huangho 
type) . Occasional marine flooding carr ied fragments  of 
Asaphellus into these deposits, which were then enclosed in 
cone-in-cone concretions. The higher beds of this series 
again show more marked flooding, by the presence of 
Asaphellus and Belleropon in some abundance. 

H. Penmorfa Beds. These are again more markedly 
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fossiliferous con si sting usually of pyr itiferous lutytes with 
occasi onal coarser bands . At a certain hori zon in the upper 
portion, trilobites are common, these including the genera, 
Dicellocephalus, broad forms of Asaphellus, Shumardz"a, 
Holometopus, Agnostus, Symjhys11rus, Cheirurus and Ange­
lina, the latter the most abun dant an d characteristic form 
jn the upper part.  Jl,facrocystella also occurs. 

I. Gartlt Hill Beds. This is  the highest divis ion of 
the Tremadoc and comprises a var i ety of slaty lutytes i n  
whi ch the trilobites Angelina sedgwicki and Ogygia form 
the dominant fossils.  Dicellocephalus furca also occurs. 
Someti mes th in beds of l i mestones are made up almost 
wholly of the broken fragments of A?Zgelina, this suggest­
ing shallow water, wi th periodic exposure. 

The Are1dg Grits . Fearnsides has presented the 
evidence for a disconformity, between the upper Tremadoc 
Gar th- Hill Beds an d the overlying O rdovician . In the Ynys­
towyn or Tremadoc region , the Garth-Hill Beds are suc­
ceecled by a massive quar tzose pea- grit, the base of which 
rests upon a rough surface, which shows erosi on pockets a 
few inches deep and a foot or two wide. There i s  how­
ever no discordance of dip . The Iower 2 0  feet form a 
dean quartz gr i t, wi th a bed of quartz pebbles up to an 
inch in diameter near its middle. Some shale flakes also 
occur here� In the next 20 ft, some shale pebbles and 
shale partings divide the series into beds from l to 3 ft . 
thick. The upper 3 0  ft. are agai n without pebbles. The 
quartz gra ins have usually sufferecl secondary enlargement 
and .there are occasional fresh feldspar crystals present. 

The age of these quartzites is ent irely unknown, 
though they have been called basal Arenig. They however, 
contain no fossils. 
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Farther west in the ; Criccieth region, a massive feld­
spathic grit; much crushed by faulting, overlies the higher 
Tremadoc beds. In one or two places this is seen to be 
followed by a fine-grained gritty rock, which contains _ the 
only true Arenig fossils found in this region .  These com­
prise 

Obo!el!a ( Monobolina) p!umbea 
O gy gia se!wyni 

Calymene parvifrons. 
These beds are succeeded by shales, with "tuning-fork" 

graptolites i . e .  Didymograptus murchisoni, referable accord­
ing to Fearnsides to the Middle Ordov ician or Llandeilan . 

If there i s  no fault, there is here a pronounced hiatus. In 
h i s  sect ion across this di strict Fearnsides shows wntinuity 
of superpos i tion without fault ing, though both the thin  
Arenig beds and the thick over-lying Llandeilo slates are 
fincly wrinkled by comprcssi on . Tims there seems n o 
doubt that even i f  there i s  a m i n or discon formity at the 
base of the Aren ig in  thi s  region , the great d i sconf ormity 
and h iatus lies between the lower Arenig and the later 
Uandeilo. 

In the region around Tremadoc , the Penmorpha th rust fault 
brings the Llan deilo di rectly in contact with the Pen morpha 
beds of the Tremadoc ser ies. Excavation s made upon the 
hillsi de, show beds with C1imacograptus sharenbergi within 
a few feet above the Penmorpha beds with Asaphellus. 
The fault is so nearly ·parallel to the dip that the beds 
seem to be cor.cordant. 

The heds above the fault, though much sheared and 
complicated by andesitic volcan ics, have yielded a rich 
graptoli te fauna. These comprise the following species . 
(Q .  J .  G. S.  ti6, p. 1 70 )  
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l. Didymograptus supe,rstes Lapw. 
2. Dt"cel!ograptus sex!ans Hall 
3. Dice!!ograptus intortus Lapw. 
4. Die el! o graptus dt"varicatus Hall 

fi. Dice!!ograptus moffatensis Carr. 
6. Dicrano graptus ramosus Hall 
7. Dicrano graptus rectus Hopk. 
R Dicranograptus ziczac Lapw. 

9. Dicranograptus furcatus var mt"ttimus Lapw. 
l O. Dicrano graptus nt"cho!soni Hopk. 
11. Nemag1'aptus grad/is Hall 
12. Climacograptus schiirenbergi Lapw. 
13. C!imacograptus bicornis Hall 
14. C!imacograptus bicornis var.  pe!tzfer Lapw. 
15. C!imaco graptus antiquus Lapw. 
16. C!imacograptus antiquus var bursifer (Elles & vVood) 
17. Amp!exograptus perexcavatus Lapw. 
18. G!yptograptus teretiuscu!us His. 
1 �l. Orthograptus priscus E. & vV. 
20. Orthograptus whitfie!di Hall 
21. G!osso;rraptus hincksii var. fimbria!us Nich. 
22. Cryptograptus tri,ornis Carr. 

This is a typical Middle Ordovician fauna. These 
beds are succeeded by andes i tie ashes and as hy shales, 
together with vesicular andesite, which show that the 
volcanic activities which marked the emergent phase of the 
Lower O rdovician had not yet ceased, though some of the 
older volcanic ashes may have become reworked by the 
transgressing Middle Ordovician sea. These ash- beds some­
times contain Dip!ograptus and they are followed by slates 
with Trinuc!eus and Ortkids. 
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The Arentg Region 

Mount Arenig or Arenig Fawr, Sedgwick's classical 
locality for the Arenig rocks lies on the eastern border of 
the Harlech dome near the center of Merionethshire. It 
rises to a height of 2800 ft. , bt\t the plateau surrounding 
it stands from 800-1200 ft. above sea-level. The great 
mass of the mountain consists of pyroclastic rocks, and 
their age is commonly considered to be Middle Ordovician 
or Llandeilan. Lower Ordovician rocks however, that is, 
strata referable to the Arenig as commonly used, occur in 
the plateau country snrrounding it, and on the borders of the 
Harlech dome. Thcse rest npon the Upper Cambrian. We 
may give here the section in descending order, bearing in 
mind the fact that although the strata are only moderately 
folded, there are complications by faults and especially by 
intrusives. 

Section in the vicinity of !1-iount Arenzg 

( After Fearnsides Q. J. G. S., 61, 1905) 

ORDOVICIAN ( sens. strict.) 
IX UPI'ER 0RDOVICIAN OR CARADOC SERIES 

8. Dicrano graptus shales. 

VIll 

7. Derfel or Orthis limestone 0-30 ft. 
This is included in the 
lower part of the Dz·­
crano graptus shales. 

MIDDLE 0RDOVICIAN OR LLANDEII.O 
F. Upper ashes of Arenig. 

f>. Upper or Rhyolitic ashes 
5. Middle or massive ashes 

SERIES 

1000 ft.+? 

4. Lower or acid andesitic ashes 
VII UPPER LI.ANVIRN SERIES 
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E. Beds with Didymograptus murchisMti 
::J. Daerfawr shales ( maximum) l 50 ft. 

D. Lower hypersthene-andes·ite ashes 
of Arenig. 300-400 ft. 

2. Platy ashes 
l . Great agglomerate 

( Probable hiatus and disconformity) 

CAMBROVICIAN 
VI LowER LLANVIRN SERIES 

C. Zone of Did ymo graptus bifid·tts 
(generally included in the Arenig) 

6 .  Olchfa or Bifidus shales 20- 30 ft. 
V ARENIG SERIES 

B. Zone of Didymograptus hirundo. 

IV 

Ill 

5. Filltirgerig or Hirundo-Beds 2 50-300 ft. 
Indudes an ash band 

4. Erwent or Ogygia-limestone 
A. Zone of Didymograptus extcnszts 

3. Henllan or Ca1ymene-ashes 
2. Llyfnant or Extensus-flags 
l . Basal gr it. 

Mild Disconformity 

TREMADOC SERIES 

10. Amnodd or Shumardia-Beds 
9. Tai-Herion or Asaphellus 

FJags 
8. Nant-ddu or Bellerophon Beds. 
7. Dz"ctyonema Bed 

Dor.GELL v SERIES. 

6. Niobe and Psilocephaks Beds 
5. Peltura-Bed. or Black Band 

10- 12 f t. 

150-200 ft. ? 
150-200 ft. 

0-50-l 00 ft. 

100 ft. 

80-100 ft. 
150-200 ft. ? 

15- 20 ft. 

250-300 ft. ? 
250-300 ft. 
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-t. Grthis ( Grusia ) lenticztlaris Bed 
3. Parabolina Beds 

Il FFESTJNIOG SERIES 

4-5 ft. 
200 ft. 

2. Lingu!ella Beds 30-40 ft. 
l. Grits and Flags. great thickness 

I MAENTWROG SERIES not exposed 
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The Lingulella bed forms the top of the Ffestiniog 
series, and though s1ightly thinner is essentially the same 
bed noted bef ore in the Portmadoc region farther north. 
It abounds in Lingulella daz;isit. McCoy, which is same­
times so abundant as to form the greater part of certain 
hands. The Parabolina spimdosa beds of the Dolgelly 
series, about 200 ft. thick, are finer grained and less gritty 
than the Lzgule!la beds and of a dark bluish gra y colour 
and conchoidal fracture. The zone fossil occurs chiefly in 
the middle and upper part, the lower being unfossiliferous. 
It is separated from the Peltura beds, or Black Band by 
the thin limestone crowded with Grthis ( Grusia ) lenti­
mlari.!J·. The Black Band, so-called because it produces a 

black streak, is a fine-grained homogeneous lutyte the b1ack 
colour of which Fearnsides thinks is due to finely divided 
slightly decomposing iron sulphide and not to carbon. In 
the Iower part near the Grthis ( Grusia) band .Sphæroph­
tha!mus alatus ( Boeck) and Ctenopyge pecten ( Salter) 
have been found. In other parts Peltura scarabæoides 
( Wahl.) and Agnostus trisecbts Salter are common fossils. 

These beds pass upward into the Niobe beds for 
which reason Feamsides has included the latter in the 
Dolgelly. The lithological change is from silky slates to 
cleaved mud-stones, with the colour progressively becoming 
lighter and the amount of. iron pyrites increasing. The 
main mass of this series is lithologically similar to the 
Parabolina beds at the base of the Dolgelly. The leading 
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fossils are Nz"obe homfrayz" · Salter and Psz"locephalus 
innotatus (Salter ) , which gradually replace the Peltura. 

The Dz"ctyonema Bed, with which Fearnsides would 
begin the Tremadoc in the North Wales region, is a dark­
bluish-gray shale, characterized by the abrupt appearance 
of Dictyonema socz"ale. This is the first of the graptolites 
to appear in the geological series of Europe and as I have 
elsewhere suggested, it marks the establtshment of the 
connection between the geosynclines and the region of 
evolution of graptolite faunas, which throughout Cambrian 
time was separated from the geosynclines of both Europe 
and Asia either by a barrier or because the graptolites 
had not yet acquired the floating habit. As we have seen 
graptolites were however able to gain access to the southern 
Appalachian trough in Cambrian time. The Dictyonema 
beds have a thickness of only 15 to 20 tt. and no further 
graptolite invasion occurred in this region until Arcnig 
time. 

Nant-ddu Beds. The beds succeedin g the Dz"ctyonema 
beds constitute a monotonous series of gritty shales with 
cone-in-cone concretions at certain horizons. Lz"ngulella and 
Acrotreta have been found in the lower part together with 
indeterminable Bellerophmt. In the upper beds Asaphellus 
homfrayz", a broad form, and Olenus ( Parabohnella) 
triarthrus Call. and O. (P.) salteri Cal1. have been 
obtained. 

Tai-Herz"on Beds. The succeeding Asaphellus flags 
are much coarser and contain numerous worm- tracks and 
castings, filled with white quartz sand. There is also a 
curious form of "ripple" marking described by Fearnsides 
(l 90 5, p. 61 5) and regarded by Nicholas as the res ult 
of creep or gliding of the unconsolidated ·sandy muds. 

The broad form of Asaphellus homjrayi is most 
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character istic of these beds, but otherwise fossils are n ot 
very abundant. 

Amnodd Beds. The Asaphel!us beds gr:-tde into the 
overlying Shumardia shale3 by a change towards softer 
and finer fossiliferous blue-gray mudstones. The narrow 
type of Asaphellus homfrayi predominates here, together 
with the striking little trilobite Shumardia sa!opiensis. 
The fauna which may be taken as a typical upper Trema­
doc fauna i ncludes the following: 
SPONG IDÆ 

Protospongia sp. ( Spicules ) 
BRACHIOPODA 

Acrotreta sabrinæ Call. 
Lin gula cf. nt"cholsoni Call. 

PEI.ECYPODA 
Ctenodonta sp. 

GASTROPODA ETC. 
Bellerophon mu!tistrz"attts Salter 
Theca ( Hyolz"thes operculata Salter. 

Conulan·a homfrayi Salter 
CvsToiDEA 

Macrocystella marire Call. 
TRII.OBITA 

Asaphel!us homfrayi Salter 
Shumardia salopiensis ( Call. ) (cf. S. ælandz"ca Moberg) 
Ogygia ( Niobe) scutatrix Salter. 
Olenus ( Parabolinella) triarthrus Call. 
Agnostus siedenbladhi Linn. 
S ymphysurus cro.ftii Call. 
Remopleurides sp. 
Holometopus sp. 
Dicellocephalus sp. 
Cheirurus sp. 
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Fearn.>ides points out that these Tremadoc and Cam­
brian beds are essentially those recognized in the Portmadoc 
region farther north, where each one of the fossi liferous 
hands is represented. Although the thickness at Arenig is 
greater tha n at Tremadoc, he thinks "that the difference 
is due rather to subsequent packing by earth moverrtent 
than to divcrsity in original deposition." 

As i n  the Tr emadoc region, there appears to be ·a 
disconformity between the Tremadoc and Arenig Beds, 
which Fearnsides thinks indicates "the passing of some 
early Caledonian earth wavc, which had left bnt little 

permanent impress upon the dip and strike of the rocks 
which it affected." 

It is however apparent, from the fact that in the 
westward direction the basal grit of the Arenig "rests 
successively upon all members of the Tremadoc Series, 
and at the Nant-y-Derbiniad slate quarry comes into the 
Black Band or Peltura bed of the Dolgelly, or upper 
Lingula flags." 

In the same direc tion, it is often found that the 
various members of the Lower Ordovician over lap each 
other against the surface of disconformity. As we have 
already seen in the Portrnadoc region, this basal grit is 
followecl by bcds with Didymog-raptus murchisoni. 

Before discussing this disconformity more at length, 
we may review the characters of the beds immediately 
over ly ing. 

Tite Annig- Serz"es 

Tite Basal grit of the Arenig. This is a bed of 
variable thickness. «Sometimes it may be as much as 50 
to 1 00 ft. thick, but usually it thins off rapidly and may 
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entirely die out in something less than 50 yards." Occa­
sionally it is dean and white and from the abundance of 
vein-quartz, it may become almost a quartzite. Usually 
however, it is rather impure with much ashy material. 
Though generally a fairly coarse, even-grained grit, it may 
become conglomeritic in the thicker part. "In all cases, the 
constituent grains are rounded rather than angular. Grains 
of hyaline quartz are fairly common, but pebbles directly 
derivable from the unclcrlying Tremadoc or Dolgelly beds, 
are conspicuous by their absence" ( Fearnsides 1905, p. 
6 1  R). 

These features and· the very gentle character of the 
disconformity suggest that we have here the phenomena of 
a retreatal series accompanied by a very slow rising of the 
Old Land and the consequent erosion of the Upper Cam­
brian beds ( Transgressive Series) previously deposited. 
The grit is evidently a purely continental deposit and its 
age may vary from place to place. As we have already 
seen, "The similar grit at Ty-o bry, Minffordd (Port­
madoc) is directly overlain by shales, belonging to the 
zone of Didymograptus murchisonz" Beck." that is, the 
transgrcssive series of the Middle Ordovician, which belongs 
to the 4th pulsation. 

Llyj1laJZt Flags. The fact that the Llyfnant flags, 
150-200 ft. thick with Dz"dymograptus extensus also overlie 
this grit in the Arenig series, might at first appear as not 
in harmony, with the idca of a retreatal series. These 
flags are remarkably well-bedded with shaly micaceous 
partings, and under the microscope uit is scen that calcite 
and. shreds of detrital mica make up quite as large a 
portion of the finer material as do the actual quartz 
grains. There is also a great deal of unresolvable muddy 
paste and some secondary quartz. The quartz grains are 
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much more angular than those of the underlying grit, and 
are often also curiously ragged at the edges" .l 

Certain layers contain numerous graptolites, the most 
abundant being Didymograptus deflexus E. & W. while 
D. extensus Hall is not rare. Loganograptus logani and 
Tretragraptus cf . amii, are also found, as well as pygidia 
of O gy gia . \\."orm tracks and castings, both small and 
great, are extremely abundant. 

Those who accept the prevallent interpretation of 
graptolite-bearing beds as deposited in deep water bodies 
stagnant and toxic in their lower portion, will regard these 
Llyfnant flags as marine dcposits. I have however else­
where2 presented the evidence fur the origin of the 
graptolite beds as due to periodic flooding of low subaerial 
coastal plain or river flood or delta plain deposits 
(huangho deposits ) and if this interpretation is valid, these 
flags are to be regarded as fluviatilf! deposits, occasionally 
and very temporarily flooded or marined along the coast by 
the r ising sea water, which left i ts wrack of floating 
graptolites behind to be buried by succeeding river deposits. 
In that case, this series very evidently is to be regarded 
as the emergent phase of the Arenig retreat. Even the 
presence of the fragmentary trilobites cannot be considered 
evidence against such interpretation, for such fragments 
would likewise be floated on to the temporarily submerged 
surface of the flood plain deposit. 

Hmllan Volcanz"c Serz"es. That the retreat of the sea 

from this region i n  Arenig time was not a uniform or 
regular one, but punctuated by repeated, though probably 

1 Fearnsides 1905, p. 619. 
2 A. W. Grabau. The origin, distribution, and mode of 

preservation of the ·graptolites. Acadcmia Sinica. Memoirs 
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o nly temporary submergences is indicated by the character 
of the succeeding Arenig beds. The Llyfna nt beds pass 
upward into the Henllan volcanic ashes, which Fearnsides 
believes were deri ved from some more or less dis tant 
volcanic source probably towards the south, as is shown by 
the thickness and increase of material in that direction. 
This material is "richer in lime (and therefore more 
basic ) than any of the products of the later volca noes of 
the district." 

Thcse ashes, probably as thick as the underlying flags, 
may also be river flood-plain deposits (huangho type ) , 
though the disappearance of the bedding also suggests 
direct settlement from the air of these products of eruption .  
As they are o nly sparingly fossiliferous, the greater portion 
is probably also of subaerial origin, the occasiunal presence 
of marine fossils indicating temporary flooding. Those 
found are a Cal ymme pro ba bly C. parvzf1'ons Salter, and 
a few large gastropods, such as Raphz"stoma or fi'faclurea 
and many indeterminable Orthoceratidæ including possibly 
an E1tdoceras. 

Eruent Limestone . That the intermittent flooding was 
occasionally pronounced due no doubt to the somewhat 
irregular subsidwce of the Caledonian geosyncline in this 
section, rather than to renewed advancing of the generally 
retreating Lmver Ordovician Sea, is shown by the Erwent 
or O gy g··ia limestone, which overlies the ash- beds just 
discussed. This highly fossiliferous band is not more than 
l O or 1 2 ft. thick and consists of shaly lentils an inch or 
two in length, which give the rock a streaky-bacon-like 
appearance. There is still much ash present, while the 
calcareous character is given to the rock by the fossils. 
There are also a good many chips of that acid plagioclase 
which is so characteristic of higher beds. "The most 
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abundant tri lo bite is O gy gia selwini ( Salter ) which must 

sometimes have attained a length of 8 or 9 inches, although 
most freqently it is represented by specimens only 2 or 
2! inches long, or by numerous tails, not more than � an 
inch across. Tails of this species are much more abun­
dant than heads and nearly all the moderately complete 

specimens are more or less enrolled." The entiro..! fauna 
of this l imestone band comprises the following. 

Fauna of the Erwent or Ogygia limesto1ze 

TRILOBITA 

O gy gia selwint· Salter 
Ca! ymene parvifrons Salter 
Ampyx salteri (?) or A. domatus Linnæus 

CEPHAJ.OPODA 

Orthoceras encrinale Salter 
Orthoceras sericeum Salter 
Orthoceras sp. 

GASTROPODA 

Raphistoma sp. 
Maclurea sp. 

Bellerophon sp. 
PELECYPODA 

Palæarca sp. 

Ctmodonta sp. 

BRACHIOPODA 
Ortkz"s calligramma Dalman 
Orthis carausii Salter 
Obolella ( Moncobolina) plumbea Salter 
Lingula rouaulti Salter 

GRAl'TOZOA 
Callograptus radiatus? ( Hopkinson ) 
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These are considered as the truly A renig spee i es of 
this region, though the presence of Orthis ca!lzgramma, if 
it is that species, is rather suggestive of a higher horizon. 

Fearnsides compares this fauna with the fauna of the 
Nesuretus beds of South Wales, which were originally re­
garded as representing the Tremadoc. 

Fz"!ltirgerig Beds. The Erwent limestone is succeed­
ed by another great series of ashy and other clastic beds, 
which in the upper part contain two well-defined beds of 
volcanic tuff up to 20 ft. in thickness. These beds con­
tain a great deal of remarkably angular chips of quartz 
and flakes and threads of mica. The more shaly beds 
are well stratified and show rapid alternations of sandy 
shaly and micaceous material. Fossils are not especially 
abundant, but graptolites, where found, are usually pyritized, 
and preserved in relief. Didymograptus hirundo Salter is 
most frequent, but small forms of D. ttitidus Hall or D. 
patulus Hall, have also been found. Many ill-preserved 
Tetragraptids occur, includiug Tctragraptus serra Brongn. 
and T. reclz"natus E. and W. A single example of Didy­
mograptus gibberulus Nicholson has been found and as­
sociated a.re fragments of Asaphid trilobites and of Aeg­
Hna. At the base of the series Obolella ( MonoboNna ) 
plumbea Salter, characteristic of the lower bed, is still 
abundant and with it occurs Azygograptus suecicus Tbg. 

It is evident that unless we believe in the deep sea 
origin of the graptolite shales, we must consider these beds 
the continuance of the river plain or huangho deposits in a 
generally sinking geosyncline, which tended more or less to 
counteract the retreatal movement of the Arenig Sea and 
permitted occasional over-wash or marining, and the spread­
ing of sea-wrack over the submerged plain, with a single 
pronounced submergencc due to rapid sinking of the 
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geosyncline. The thickness of these Ilirundo or Filltirgerig 
beds appears to be between 200 and 300 ft. according 
to the section given by Fearnsides, and they are succeeded 
by some 20 to 30 ft. of Bifidus shales. 

The Bi.fidus or Olchfa shales. These mark a rather 
sharp and complete change in the graptolite fauna. uWithin 
a foot of the bed in which the last Didymog1'ajtus 
ht"1'u1zdo was collected, quite a selection of species belong­
ing to the Bzjidus fauna may be found." 

The beds too lose their calcareous character gradually 
and become pyritous, but the change is not so abrupt.  
Though fine-gra i ned, the microscopc shows chips of detrital 
quartz and shreds of mi ca much too coarse for the rest of 
the material. It also shows many ragged flakes of what 
is probably graphite, together with pyrite. 

The fauna is the typical lower Llanvirn fauna of Hicks, 
but without the trilobites common in South Wales . It is a 
rich graptolite fauna which includes the following species: 
Graptolite Fauna o.f the Olch.fa or Bifidus beds of Mt. 

Arenzg. 
In the lower part: 

Didymograp tus nanus Lapworth 
Didymograptus patulus Hall 
Cryptograptzts tricornzs Carruthers 
Dendograptus sp. 
Dz·d ymo graptus bi.fz.dus Hall 

At the top the species are: 
Diplograptus dentatus Brongniart ( abundant) 
Didymog·raptus art·u.s E. and vV. 
Did ymo graptus acutz"dens Lapworth 
Dz.dymograptus stabz'Hs E. and W. 
Glossograptus sp. 
Cryptograptus tricorm·s Carruthers 
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Dz'dymograptus bifidus var.,  ( intermediate between typical 
D. bi fidus and D. murchisoni) 
Also pygidia and other fragments of Ogy.ria (O. 

peltata Salter or O. buchii Brongn) and a Dionide. 
The abrupt appearance of tuning-f ork graptolites is 

rather significant, and although these beds are usually 
classed with the Arenig when they are not separated as 
Lower Llanvirn it is possible that they represent advance 
types of the D. murchisotzi group which becomes dominant 
in the Middle Ordovician Sea. 

It is however, after this series of strata, tha t the 
gre.:1.t volcanic series of Arenig begins, and if they truly 
represent Lower Ordovician, this great outbreak of volcanic 
material belongs to the interval of final emergence, and as 
such is comparable to the tectonic disturbances which have 
marked most of the later in tervals between successive 
pulsations. 

The lower part of this volcanic series begins with 
platy ashes, which in the course of some HO ft. or less, 
pass almost imperceptibly into massive agglomerates, which 
form the great bulk of the lower series and which same­
times lie directly on the shales beneath. The agglomerate 
reaches a thickness of from HOO to 400 ft and are follow­
ed by 150 ft . or so of more platy ashes, which vary in 
thickness inversely as does the agglomerate. uThe agglo­
merate consists of shattered blocks and particles of a 
hypersthene-andesite . . . . . . . . . • . The blocks of the agglomerate 
are set in a matrix of smaller particles of the same 
material, and the whole mass is usually to a considerable 
extent silicified. Most of the blocks in the agglomerate 
are about the size of a hcn's egg or of a cricket ball but 
sometimes quite large masses are seen." ( Fearnsides 1905, 
p. 624). 
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Masses of shale with Lingulella davisii brought up 
from the underlying Ffestiniog have been found. The 
material of the agglomerate corresponds to the older series 
of intrusions, forming the so· called Arenig porphyry. 

This agglomerate series is followed by the Daerfawr 
shales, which contain grapto1ites of Middle Ordovician age, 
induding Dip!ograptus foliacezts Murchison and Diplograptus 
angustifolius Ha11 and Dicellograptus mo.ffa tensis Carr. 

These are again followed by other vokanic ashes, 
which show that volcanic activity continued into if not 
through Middle Ordovician time. According to Miss Ellesl 
the Arenig rocks of Wales show � well-defined graptolite 
zones. These are i n  descending order. 

�. Zone of Didymograptus bzjidus 
2. Zone of Didymograptus kirundo 
l . Zone of Did;'mo graptus extensus 
There are still Lower graptol ite zones in the Lower 

Ordovician of western Em·ope, but they are not known 
from North vVales. 

Overlying the Didymograptus bi(idus zone is the zone 
of Didymograptzts murclzisoni, which is generally referred 
to as the lower zone of the Middle Ordovician or Lhn­
deilan . Both D. bi.fidus and D. murchisoni belong to the 
dependent two-branched forms, the so-called "tuning-fork" 
type of graptolite , whereas those of the lower zones differ 
markedly in being laterally extended types, the two branches 
extending outward in the same plane. In view of this 
distinctness Hicks separated the two zones with tun ing-fork 
graptolites as the L1anvirn, and from a purely palæonto-

1 Gertrude Elles. Some graptolite zones in the Arenig rocks of 

Wales. Geological Magazine. New Series, Decade V, Vol. I. 
1904. pp. 199-211. 
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logical point of view the line of disconformity between the 
Middle and Lower Ordovician, should be drawn between 
the extensi-form and the pendant types. This of course 
would place the entire volcanic series of North Wales into 
the M iddle Ordovician, rather than in the gap benveen the 
Lower and the Middle. 

Some of the graptolites associated with D. bifidus in 
North Wales also suggest Middle Ordovician affinities. 
Along the river Seiont in Cacrnarvonshire, North Wales, 
Miss Elles found the following association in the D. bifidus 
zones, 

l. Didymograptus bzfidus Hall (very common) 
2. Diplograptus dentatus Brongn. 
3. Climacograptus confer/u r ·Lapw. 
4. C!z"macog-raptus scharenbergi Lapw. 
5. Caryocaris sp. 

The Extensus beds of Menai Straits and Lleyn 
Peninsula have furnished the following spec1es. 

1. Didymog-raptus e.xtensus Hall 
2. Didymograp!tts nicholsoni Lapw. 
3. Did;,mograptus ni#dus Hall 
4. Didymog1'aptus ( Isograptus) gibberulus Nicholson 
5. Didymograptus uniformis Elles and Wood 
6. Tetragraptus serra Brong. 
7. Tetragraptus amii Lapw. 
8. Tetragraptus cf. headi Hall 
9. Trinucleus gibbsi Salter? 

l O. Calymene sp. 
l ]. Cariocaris sp. 
12. Lz'ngulella sp. 

The absolute distinctness of the two faunas is thus 
evident. 

The basal Arcnig disconformity is weU-marked in the 
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St. Tudwal's Pe ni nsula, about 20 miles southwe st of 
Portmadoc and nearly twice that distance west of Mount 
Arenig.I 

As we have al ready seen, the Maent:wrog Beds of the 
Upper Cambrian rest disconfo rmably upon the Middre Cam­
brian. The lowe r  40 ft. of the Mæntwrog series consists of 
hard fine textured silicious grits in beds from 1-3 ft. thick, 
of the type named by Lapworth uringers,'' separated 
by sl1.ales, In the next 30 ft, the "ringers" are more 
numerous and thinly bedded and their weathe red edges 
show the curled beddi ng described by Fearnsides as ripple­
marks. Nicholas regards these as indicating some kind o f  
creep of the still unconsolida ted muddy grits, this creep 
often involving considerable ove r-folding. They probably are 
analogous to the gliding deformations found in certain 
bedded limestones and other rocks of various ages2 

The next 30 ft. of beds exp<Jsed a re banded, black, 
bluish- gray, a nd greenish shales, with numerous thin grit 
laye rs Lut ri nge rs are thin a nd infre que nt. Worm tracks 
etc. are common on the se rocks, but actual orga nic rernains 
a re rare. The on ly on es f ound are Olenus sp. a nd 
Agnostus piszformis var obesus Belt near the t op of the 
series. A further outcrop of the Mae ntwrog beds, shows 
42 ft. of bluish black shales with sandy a nd gritty inte r­
lamina tions and with ringers ra re and thin. These beds 
lie ab out 700 ft above the base. 

The remainder of the Maentwrog series as well as the 
lower Ffesti niog Beds a re not exposed, but the upper :-350 

l T. C. Nicholas. Geology of the St. Tudwal's Peninsula. Caer­
narvonshire. Quarterly Journal of the Geol. Society of London. 

Vol. LXXI, 1917 pp. 83-143. map and illustrations. 
2 See Grabau. Principles of Stratigraphy p. 781. 
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ft. of the Ffestiniog, including the beds with Lingt�Je!!a 
davis·ii McCoy, are found . These are gray-blue shales 
passing down into sandy shales and lower still into massive 
siliceous g rits. 

From the general character of the rocks and the 
scarcity of fossils, it is apparent, that these Upper Cam­
brian beds , represent primarily river-plain or hangho de­
posits on the margir. of the sea, which occasionally floodcd 
them and finally transgressed to fonn the fossiliferous 
Lingu!e!!a Beds. The D olgel ly and the Tremadoc Beds 
are not preserved in this section, but it is probable that 
they were deposited here and again eroded during the 
early period of the Arenig retreat, when the coastal and 
Old I ..and region began to rise. This represents the period 
during which the older Dichograptus Beds of other regions 
were deposited, these beds being generally absent in North 
Wales. Subsequently, with a change in the rising movement 
of the coasta l regi on, the later continental sands of the 
Arenig were deposi ted over the eroded surface, coming 
thus to rest on various portions of the U p per and even the 
Middle Cambrian . 

St. Tudwal' s Sands tone. The ba sal A renig Beds form 
the St. Tudwal's sandstone and grits, with a thickness of 
about 400 ft, though they appear thicker by repeated 
thrust faulting. They are chiefly streaky sandstones and 
grits in the lower 230 ft. and their only f ossil s are a 
few gra ptol ites. In the lower portion Dictyonema sp . a nd 
other Dendroidea have been found. The upper portions of 
this sandy series have furnished Dz'dymograptus deflextts 
E. & V·l. and Didymogrtljttts extensus Hall. 

Higher grits and shaly sandstones follow, some with 
extensiform Didymograpti, and near the top, sandstones 
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and shaly layers, with Azygograptus lapworthi (Llanengan 
beds). 

The greater part of the rock under the microscope 
shows angular grains of quartz, together with some feldspar 
flakes, some granular magnetite and a considerable amount 
of ferruginous carbonates. Much of the sandstone is 
streaky in appearance, due to the presence of thin curling 
films of dark argillaceous material among the sand grains 
( Clay gaUs? see Grabau Principles p. 711 ). These char­
acters are quite consistent with the interpretation of the 
rock as a river flood deposit with eolian activity. Some 
of the grit beds are similar to the sandstone, except that 
the cement bed is of siliceous material. Coarser grits, 
with the quartz grains mostly rounded, but enlarged by 
secondary silica which forms the cement, appear to repre­
sent occasional eolian deposits. They are often markedly 
cross-bedded and usually occur in beds one foot or more 
thick, often without shale partings and never presenting the 
streaky appearance of the sandstones. 

Llanengmt Shales. The Tudwal Sc>.ndstones and grits 
are succeeded by the Llanengan mud-stones, some 200 ft. 
or more of blue sandy mud-stones striped with fine yellowish 
lines, due to thin laytrs of arenaceous sediments. Only 
graptolites have been reported from these beds, Azygograp­
tus lapworthi Nicholson being the most plentiful, ranging 
through all the beds. A doubtful specimen of Phyllograp­
tus.'R a single specimen of Tetragraptus amii E and W? 
and one of Tetragraptu.s serra ( Brongn. ) were obtained in 
the lower part. These rcpresent the horizon of Didymo­
graptu.s extensus. It must however be remembered that else­
where this is preccded by an older horizon, in which 
Tetragraptus is the normal type. As we have already 
noted, these older beds, where deposited, probably correspond 
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to the erosion in the St. Tudwal's area, which accompan ied 
the slow rise of the Old Land. 

The Hen-dy-Cape! m zed-stones. The beds immediately 
succeeding are a series of soft bL1.ck shales and mud-stones 
uwhich have often been crushed out of all reconition by 
intense local earth movement and contain great lenticular 
masses of pisolitic iron ore. " They contain a late Middle 
Ordovician ( Glenkiln ) gra p to l i te fauna ( Nicholas p. l 2 3 ) . 

The lowest bed of pisolitic iron ore, about l 2 ft. 
thick, rests upon comparatively undisturbed Llanengan mud­
stones, in which a number of specimens of Azygograptus 
lapwortki were found only a few inches below the j unct­
ion. The pisolitic iron ore is overlain by the intensely 
crushed shales. 

A fact of considerablc interest is the occasional pre­
sence in the crushed shales of recognizable specimens of 
graptolites, indicating the zone of Nemagraptus gracilis 
i.e. the Norman's kill ( Glenkiln ) horizon of the hte Middle 
Ordovician. Nicholas says "A great gap, comprising a 
large part of the Arenig and the whole of the Llanvirn 
series is, therefore, apparent in the succession, and all the 
evidence is in favour of the view that this gap is due - not 
to an unconformity or to a normal faulting, but to an 
overthrust. The idea of an unconf ormity is prima .facie 
improbable, for the Llandeilo beds are of the deep-water 
Glenkiln type and all the missing beds ( up to and includ ing 
the Didymograptus bi.fidus zone) are well developed five 
miles away to the west about Llanfaelrhys; moreover, an 
examination of the j unction of the two series supplies con­
clusive evidence against both unconformity and normal 
faulting.' '  (loe. cit. p. 1 1 4 )  

That thrust-faulting has occurred here seems to be 
sufficiently indicated by the condition of the shales and the 
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slickensides, but that such faulting is wholly responsible for 
the gap in the stratigraphic succession may be questioned. 

Of course, if the Llandeilo beds above the pisolitic iron 
ore were of deep water origin, as Nicholas assumes, his 
prima .facie reasonig might be satisfactory. If however, 
these graptolite shales are shallow water deposits, repre­
senting the occasional flcoding or marining of ]ow river 
plain or huangho muds as is overwhelmingly indicated by 
the character of the graptolite-bearing beds in all parts of 
the world, the evidence is rather for than against indicating 
a disconformity. Moreover, since in widely separated por­
tions of the earth's surface, the gap between the Lower 
and Middle Ordovician is clearly recognizable, there need 
be no surprise to find the evidence for it in the regions 
near the Old Land o f  Ordovician time, where indeed one 
would expect it to be most strongly marked. Fearnsides 
has presented the evidence · for it  in the Criccieth regions, 
though in the Tremadoc region the disconformable contact 
is also complicated by thrust-faulting. 

The pisolitic iron ore, which seems to be a character­
i stic deposit along the junction line of the Lower Arenig 
and up per Llandeilan beds "varies from a massive black 
rock, built up almost entirely of pisolit ic or oolitic grains 
to a black mud-stone, in which these grains are distributed 
sparingly or aggregated into small nodules. The ore often 
contains streaks and lenticles of black mud- stone, which 
differ from the more argillaceous portions of the ore only 
in the absence of pisolitic grains-in fact, the two types 
appear to shade one into the other and may contain fos­
sils ."  ( Nicholas loe. cit. ) . Speaking of the thoroughly 
pisolitic and the more argillaceous portions of the ore 
Nicholas says "There is no discontinuity at the junction, 
and hand-specimens can be obtained in which pisolitic ore 
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and black mud-stone, with detachecl siculæ of graptol ites 
and horny brach iopods, seem to be inseparably welded 
together ." (Loe. cit. p . 1 24 ) 

Nemagraptus gracilt's is cited from th i s  mud-stone 
portion, showing that it is intimately associated with the 
Normanskill or Glenkiln sedimentation of this region. 

Nicholas stresses the fact, that the ore itself i s very 
little affected by the thrust crushing, although the shales 
and sandstones above and below are intensely crushed and 
sl icken-sided. Occasional planes of slicken-sicles and de­
formation of the grains i s  noticeable, in the marginal 
portion, c cbut the bulk of the bed is totally undisturbed." 
He cites however, exceptions where the ore 1 s  also 
sheared. 

Nicholas has come to the conclusion c c that the pisolitic 
iron ore of the St. Tudwal's Peninsula, was in exi stence 
beforc the thrusting took place and is of seclimentary 
origin ." 

If these i ron ores mark the horizon of a great dis­
conformity between the Middle and Lower Orclovician, their 
origin as a continental cleposit-lake, pond or even sub­
aerial i s  not very difficult to understand. It might then 
be considered that they belong to the same category of 
intra-systemic deposits, to which the p isol i ti c  i ron ore of 
Wisconsin belongs, which there marks a d isconformity 
between the Ordovician and the Silur ian . l  

The Dolge!!y Region 

Dolgelly lies on the southern border of the Harlech 
Dome in Merionethshire, North Wales, on the Afon Wnion 
( River ) which opens into the Mawddach estuary, which in 

1 Grab au, A. W. Bull. Geol, Soc. America Vol. 24, 191 3 pp. 

444. 
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turn joins the sea at Barmouth. Along the coast of the 
estuary and for some distance south along the sea coast, 
the Cambrian and Ordovician strata are exposed in  a series 
of parallel hands, and as this  is the type region for the 
upper divi sion of the Upper Cambrian, we may consider it 
somewhat more full y. 

Recently the section bet:ween Dolgelly and Arthog 
near Barmouth j unction has been described and mapped in 
detail,  on the scale of 3 inches to the m ile by Cox and 
Wells. l The beds of this region dip at angles varying 
from 40 to 600 to the S. E. with high unicl inal r idges 
f ormed by the har der rocks, and the sediments are com­
p licated by igneous intrusions. The stratigraphic  succession 
in descending order is as f ollows: 
SuPERFORMATION 

Llandeilo? Lower Basic Volcanic Series. 
( Part of this may be emergent Arenig beds) 

CAMHROVICIAN (Retreatal Series) 
Lower Llanvz"rn. 

4. Cefnhir ashes, about 
a .  Crogenen slates, about 
2 .  Brynbrith grits and ashes 
l. Moelyn slates 

300 ft. 
300 ft. 

about ] 50 ft. 
0-40- t 50 ft. 

Lower Llanvirn and Arent"g. Lower Acid 
or Mynydd-y-gader rhyoli tic series 800 ft . 
3 .  The China Stone ashes. 
2 .  Pontkings s!ates ( Lower half Arenig ) 

1 Arthur Hube11: Cox a nd Alfred Ki ngsley Wells. The Lower 
Palæozoic rocks of the Arthog- Dolgelly District (Merioneth­

shire) .  Quarterly Journal of the Geological Society of London 

Vol LXXVI part 3, 1921 pp. 254-322 with Geo! . ma:p, sections 
& 3 plates. 
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l .  Lower ashes ( Arenig) 
Ar enig 

Basement senes 1 50-200 ft. 

Dis conformz'ty? 

CAMBROVICrAN ( Transgressive Series) 
Trtmadoc Beds. 9 0 0  ft . + 

H .  Upper Pencil Slates 
5 .  Upper Dt'ctyonema Band 
4 .  Asaphellus Beds 
3 .  Lower Pencil Slates 
2 .  Lower Dictyonema Bed 
l . Nz'obe Bed. 

Upper Cambrt"an 
3. Dolgelly Beds 600 ft. 
2 .  Ffestin iog Beds 3, 000 ft . + 

1 .  Maen twrog Beds, not exposed south of the 
estuary but shown at north side. 

The 1-Yestiniog Group . This is a great series of 
grayish blue flaggy slates, interbedded with white laminated 
quartzite hands with fine-gra ined siliceous grits or "ringers" 

which show the peculiar curled structure elsewhere seen , 

the more flaggy strata being often highly micaceous. 
The upper beds are dark-blue slates, grading into the 

overlying division. They are characterized by an abundance 
of Lingulella davisit' Mc' Coy, but thi s  i s  also found scattered 
in the lower str�ta in many localities. 

The Dolgelly Beds. Dark-blue to black, highly 
pyr itus mud-stones, generally msted on the weathered sur­
faces, occas ionally thin gritty layers are intercalated in the 
fine rock. The black-band of other sections is found near 
the center. Characteristic fossils are: 

Parabolina spz'mdnsa Dalman 
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Orthis ( 01'usia) lenticularis Wahlenberg 
These beds grade up into the Tremadoc. 

The Tremadoc States. A thick rather monotonous 
series of slates and mud-stones usually gray-blue. The 
several sub- divisions from below upwards show the following 
characters . 

I . Niobe Beds. These succeed without break the 
Do1gelly Beds, but they show no obvious lamination and 
contain less pyrite. In the course of 200 ft. the beds 
become harder and more flaggy. The upper beds have a 
chert-like appearance, because of metamorphism by intrus ives . 

The fossils indude. 
Niobe hom.frayi Salter 
Lingulella lepis Salter 
2. The Lower Dicty01zema Band. This consists of 

dark-blue shales passing up into harder blue-gray mud-stones 
weatheri ng to a l ight gray. Dictyonema sociale is most 
abundant in the Lower part .  With it occurs Lingulella 
lepis. 

This is correlated with the Dictyonema bed of both 
the Mount Arenig and the Tremadoc region . 

3· The Lower Pencil States. The Dictyo1zema slates 
pass up into hard gray mudstones, poorly cleaved and then 
in the course of some 40 ft, i nto blue slates, wh ich usually 
take on a distinct needle or pencil deavage. Some coarse­
grained beds occur near the middle . This division is 
correlated with the Bel!erophon beds of Mount Arenig and 
the Moelygest beds of Tremadoc . 

4· The Asaphellus .flags and shales. Hard flaggy 
beds grayish and somewhat striped, owing to the incoming 
of sandy material . Other hands are bluish, and highly 
micaceous nodules of cone- in co ne ironsto ne are found. 
Some of the upper beds are remarkably fossiliferons , but 
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nearby beds may be very poor in fossils. Characteristic 
spectes are : 

Asaphel!us homfrayi Salter 
Agnostus calvus Lake 
Ormetopus pramuntius Sa lter 
Lz'ngu!ocaris sp. 
Conu!aria homfrayi Salter 
Centrotheca cuspidata Salter 
Theca sp. 
Obolel!a sp. 

This bed is correlated with both the Asaphellus flags 
and Shumardia flags of Mount Arenig and the Portmadoc 
and Penmorpha beds of Tremadoc. 

_5. The upper Dictyonema band. This is similar to 
the Lower Dictyonema bed, with the same Dictyonema and 
more rarely Ca!!ograptus. 

6. Upper Pencil States. Soft shales, with irregular 
cleavage producing splinters or pencils. Bellerophon sp. 
and Asaphallus? have been found but because of the 
cleavage, fossils are difficult to obtain. This and the 
Upper Dictyoncma band are correlated with the Garth Hill 
beds of Tremadoc, while in Mount Arenig, it seems to be 
mtssmg . 

On the whole the Tremadoc of this section and that 
of the type region seem to agree very well in thickness 
and general character, being in each case about 900 ft. 
thick, and showing essentially the same subdivision . In the 
Mount Arenig region however, the total thickness of these 
beds is less than 700 ft. and there, as we have seen, a 
slight disconformity seems to separate it from the higher 
division. Again while in the Dolgelly region, the Dolgelly 
beds are 600 ft. thick, they are 400-500 in the Mount 
Arenig, and on1y 275 in the Tremadoc region. The 
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Ffestiniog beds also have decreased from about 3,000 ft. 
on the south of the Harlech Dome to 1800 ft. on the 
north. 

The Arenig Basement Grit. The change from the 
Upper Tremadoc to the base of the Arenig is abrupt, from 
shales to grits and sandy flags without transition. No 
physical evide11ce of a disconformity however has been 
found, nor is there any perceptible discordance of dip. 
There is merely an abrupt change in lithology, the shallow­
water marine Tremadoc beds being replaced by unfossili. 
ferous sands of continental type, in which only worm-tracks 
occur, though a few undeterminable graptolite fragments 
have been reported. We have here evidently the effect of 
the beginning of the negative movement of the Cambrovician 
pulsation, that is, the retreat of the sea and the con­
comitant a.dvance of the river-home sands. As we have 
seen, some 30 or more miles to the northwest, there is 
evidence of erosion preceding the deposition of the basal 
grits, but there the basal grits are not the sq.me as in 
this more southerly region but higher. For the lower beds 
in the latter evidently correspond to the erosion in the 
former, but not until much later, wcre the continental beds 
spread over the erosion surface. This looks like a trans­
gression and over-lap of the Arenig beds and if these beds 
were purely marine, they would have to be so regarded. 
But since they are river plain deposits, this northwestward 
over-lap, represents a case of backward aggrading, brought 
about by stationary condition of the Old Land. 

A characteristic f eature of these basement sands is 
the appearance of thin striping due to shreds and lenticular 
wafers of argillaceous material, these sometimes curving 
around sandy lentils. They . appear to be clay-galls, that 
is, thin curly masses of clay, formed by the drying of a 
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film of mud, deposited in temporary bodies of stagnant 
water betwcen dunes, and after complete drying and curling 
being carried by the wind in to the sandy beds. ( See 
Gra bau. Princi p les of Stratigraphy p. 71 l). 

The Lower Acid or Mynydd-y-Gader Rhyolitic Series. 
This series, which reaches a thickness of perhaps 800 ft, 
marks the beginning of volcanic activity, which we have 
seen everywhere accompanied and followed the retreating 
Arenig. Sea in North Wales. It consists primarily of 
rhyolitic rocks, both ashes and flows. In the N. E. the 
ashes are most fully developed with a flow of rhyoli'te in 
their midst.. There are also ag-glomerates with fragments 
of all sizes up to a f oot in diameter. They are composed 
of rhyolite and vesicular rocks of more andesitic composi­
tion. As there are no andesites in  the region, these must 
have come from some neighbouring source. Layers of 
grit, usually feldspathic, up to 6 ft. in thickness, but of 
very limitcd distribution, occur. Southeastward the ashes 
become thinner and are intercalated with beds of slate. 
The lower ashes consist of a variety of material all 
essentially acidic, the variation in texture being due to the 
amount of pumice dust and pyroclastic feldspar crystals.l 

Trachitic or andesitic material is absent in the south­
western section, but the strata have been extensively invadeJ 
by later diabase intrusions which are generally sill�like i n  
form. 

Pont-King States. Of marked significance however 
are the interbedded Pont-King Slates, of whil:h there are 2 
prominent layers, thickest in the S. W. but thinning away 
entirely towards the N. E. They are separated by layers of 
rhyolitic ash, of which the upper slates contain also thin 
layers. 

1 S�e the de�"iled petrographic discriptions by Cox & Wells. 
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The slates and the ash form a normal stratigraphic 
sequence, and the series appears to be mostly river-laid on 
the occasionally flooded or marined coastal plai n .  The 
lower slate band has furnished numerous graptolites, the 
following being characte�istic. 

Dz"dymograptus nz"tidus Hall 
Didymograptus bifidus Hall (small form ) 
C!t"macograptus scharenbergi Lapworth 
This is interpreted as  representing the junctions of 

the Didymograptus hirundo and Didymogratus bzjz"dus 
zones, that i s  the Arenig-Llanvirn boundary. 

This places the lower ashes in the Didymograptus 
hirundo zone and the overlying China-stone ashes in the 
D. bifidus zone. The lower part of the Pont-King beds 
is correlated with the Hinmdo beds of Mt. Arenig, i .e. the 
Moelyn slates, and the Crogenen slates with the Bifidus 
beds of Mt. Arcnig. 

The China-stone ashes, which form the top of the 
vol can i c series, are so called because of their fine-gra i ned or 
porcelain-like texture and the fact that they break with a 

smooth conchoidal f racture in to sharp-edged chips. The 
color i s  bluish when fresh, but weathers white� They pass 
into coarser-textured, cream-coloured rhyolitic ash on the 
one hand and into normal slates on the other. 

The JI!Ioelyn states. These slates rest directly opon 
the ash beds, but range in thi ckness from 40-50 ft. in 
the Arthog Valley in the south-western part of the dis­
trict, but up to l 50 ft. on the slopes of the high sand­
stone ridge known as Bryn-Brith, a mile or two to the 
N. E. They are of a darker blue than the other slates 
and. contain much pyrite .  Because of the cleavage, fossils 
are not readily obtained. Did ymo graptus bifz"dus how­
ever has been obtained and so has Orthoceras cf. 
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caereeszetzse Hicks. These slates also die out towards the 
North-east . 

The Bryn-britlt states. This group of ashy grits i s  
the resistant rock which forms the high uniclinal r idge of 
Bryn Brith ( 125�� ft )· The beds dip 60 to the S. E. 
and are conformable with the underlying beds. The 
thickness is about 150 ft, but in the lower part is an 
intercalated slate bed, with Didymog1'aptus bifidus. 

·•The matrix of the main body of the rock consist of 
greenish-gray ashy or gritty particles of a medium degree 
of coarseness, the constituents having diameters up to one 
or two mm, the ashy or gritty particles are cemented in a 
thin paste of argillaceous material, which locally increases 
considerably in amount." 

Upward in the series, there is an increased appearance 
of siliceous masses, which represent gradations uf rom dark 
rather hard, but otherwise normal slaty material to highly 
silicified rocks, which are harder than steel, possess a 
spl intery fracture and are closely comparable in appearance, 
with the China-stone ashes at the top of the Lower Ashy 
Series." 

These masses are sporadically distributed and range 
in size from less than a quarter of an inch to irregular 
lumps and lenticular masses from a foot thick, to 2 or 3 
ft. long. Cox arid Wells regard this series as a marine 
formation and think these ball-like rnasses due to the action 
of strong currents, but the formation of the deposits 
exhibits rather the character of a subaerial or coastal river­
plain deposit and in my belief this  is  the prevailing nature 
of these rocks, the graptolites indicating intermittent flood­
ing from the sea or marining. 

Northeastward, where the slates have died out , the 



56 A. W. GRABAU: CAMBROVICIAN PULSATION 

grits rest direct!y on the ashes of the Lower acid series, 
the two apparently grading into each other. 

Tlle Crogenen slates. These slates, which have a 
thickness of about 300 ft. are of the usual dark-blue 
pyritous charactcr. Ashy material is present in scattered 
form or in beds of various thickness. These are the most 
fossiliferous beds of the section and evidently indicate a 
more pronounced submergence. As usual, graptolites are 
the most abundant, but a few specimens of trilobites have 
been found, one probably Aeglina ta!t"gt"nosa, the other 
Trinucleus sp. The graptolites comprise the following. 

Did ymo g1'ajtus bzjidus Hall 
Didymograptus stab-i/isE. & W. 
Didymograptus 01'/t.ts E. & W. 
Dt"dymograptus 1lmzus Lapw. 
Climacograptus sp. 
The Cefn-hi1' Asles. The�e higher volcanic ashes 

which form a series of about 800 ft. thick, consist of 
fine-grained andesitic beds in the Iower part and coarser 
ashes in the upper, together with massive agglomerate beds, 
the fragments of which are rhyolitic to andesitic, with the 
material sel in a fairly coarse ashy matrix. Some shale 
of the Bzjidus type is intercalated below and on Cader 
ldris the upper beds, again more slaty, have yielded "a 
rather starved-looking Didymograptus bifidus. " 

The Lower Basic Volcant"cs. The higher ashes just 
described are followed by a great thickness of basic Javas, 
with various ashy and s1aty intercalations and with nume­
rous intrusions of basic materiaL Many of the lavas are 
typical spilites. The series is most typically developed on 
the northern slopes of Cader ldris but pillow-lavas and 
associated ashes can be seen at many places. 

This is the great volcanic series, which marks the 
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interval of exposure after the Aren ig retreat, that is, the 
Cambrovician- Ordovician in terval, and i t  was not until late 
Mid-Ordovician time that the sea returned to this section . 
A band of volcanic slates apparently of this series on 
Cader ldris, has yielded undeterminable graptolites appar­
ently of Llandeilo age "The strata that i mmediately overlie 
the lavas probably belong to a high horizon in the Llan� 
deilo." (loe. eit. p. 280) 

Although the succession of the strata is  a fa irly re­
gular and determinable one in the isoclinal ridges which face 
the Mawddoch Estuary, they are complicated by faults and 
especially by intrusions . Of the latter, the great granophyre 
intrusions are the most pronounced hav ing prevail ingly a 

s i ll-like or laccolitic character. Sills of d iaba-se are abundant 

and occur at all horizons. They form an older intrusion 
than the acid series. From their field- relations, Cox and 
Wells conclude that the intrusions of the granophyres are 
closely related in time to the rhyol itic flows of the Upper 
Acid series on Cader Idris, whi ch is the highest volcanic 
horizon of the district . . . .. . .  No igneous rocks, whether in-
trusive or extrusive occurring above this level, nor are 
there even any dist i n ct ash- hands m the slates above the 
upper acicl series" . (loe. dt. p. 305) 

The slates above the acicl series are of the age of the 

upper Dieranograptus shales which are low down in the 
Bala Series. 

From thi s  Cox and Wells conclude that the age of 
the intrusions is at the very latest qu ite early in Bala 

time, and thus all the volcanic activities in this region as 
elsewhere in North Wales, seem to be concentrated in 

the interval preceding the return of the sea in late Middle 
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Ordovician time. The main acid mass of this region the 
Croganen granophyre, forms a laccolite over 1200 ft. in 
thickness. 

South Wales 

In his original descr iptions of the rocks of the St. 
David's promontory in South \Vaies. Hicks confined himself 
largely to the Middle Cambrian deposits and these we 
have discussed on a previous page (vol. I p. 399 (IV p. 
595) )- He ment ions however, the occurren ce of Lingula 
flags. In a subsequent paperl he describes a group of 
formations, which overlie the Lingula flags and which are 
best exposed at Ramsay Island, off the St. David's prO­
montory. These rocks he refers to the Tremadoc and 
describes a considerable fauna. The dominant form is the 
new trilobite genus Neseuretus, an early form of Caly­
menoid. Lingula davisii appears to be the only species 
represented in the older rocks, the others are all new. 
The original fauna described by Hicks comprise the follow­
mg spectes. 

Fauna of the Ramsay Island or Neseuretus Beds 

TRILOBITA 

Neseuretus ramseyensz"s Hicks 
Neseuretus quadratus Hicks 
1Veseuretus recurvatus Hicks 
Neseuretus elo1zgatus Hicks 
Neseuretus elongatutus var. obesus Hicks 
Nz"obe meenapiensis Hicks 

l Hicks, Henry. On the Tremadoc rocks in the neighbourhood 

of St. David';;, South Wales and their fossil contents. Quarterly 

Journal of the Geological Society of London. Vol. XXIX. 1873, 
pp. 39-52, Pl. 3-5. 
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Nz"obe solvensz"s Hicks 

EciiiNODERMATA 

Palasterz"na ramseyensz"s Hicks 

Dendrocrz"nus cambrz"ensz"s Hicks 

CEPHAI.OPODA 

Orthoceras sp. Hicks 

GAsTROPODA etc. 

Theca ( Hyolz"thes) davz"dz"z" Hicks 

Bellerophon ramseyensz"s Hicks 

Bellerophon solvmsz"s Hicks 

PELECYPODA 

Ctenodonta menapz"ens·is Hicks 

Ctenodonta cambrz"ensz"s Hicks 

Palæarca hopkz"nsoni Hicks 

Palæarca oboloidea Hicks 

Glyptarca primaeva Hicks 

Glyptarca lobleyi Hicks 

Davz"dia ornata Hicks 

Davidia plana Hicks 

Modiolopsz"s ramseyensis Hicks 

Modt"olopsis homfrayz" Hicks 

Modz"olopsz"s solvensis Hicks 

Modiolopsz"s cambrz"ensis Hicks 

BRACHOPODA 

Lz"ngulella davisii M'Coy 
Lingula petalon Hicks 

Obolella plz"cata Hicks 

Orthis carausz"i Salter 
Orthis menapiae Hicks 

TRAII.S 

Eophyton exp!anatum Hicks. 

59 
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This fauna has since been shown to be a Lower 
Aren ig fauna and the rocks thought by Hicks to rest con­
formably on the Lingula flags are now known to be in 
fault contact with them. This  fault cuts out the true 
Tremadoc series. Fearnsides, as we have already noted, 
believes this horizon is represented in North 'V/ales, by 
the Frwent or Ogygia limestone, which l ies some 300-400 
ft. above the basal gri t  and just above the Didymograptus 
extensus beds and below the Didymograptus hi1/undo beds. 
Dr. Cox on the other hand re gards these beds as equiva­
lent to h i s  Abercastle and Port Gain Beds which underl ie 
the Tetragraptus or D. extensus beds. ( See below ) . 

The entire Upper Cambrian of the St. David's region 
i s  referred by Hicks to the Lingula flags, which overl ie 
the Menevian with apparent conformity with a thickness of 
about 2000 ft . It consists of alternat ing beds of sand­
stones and shales and occasional thick bands of slates, and 
in some sections Lingulella davisz'i is abundant and char­
acteristic. The series represents a very even deposit 
throughout, without abrupt changes in the charactt>r of the 
rock, and other fossils seem to be absent .  · This suggests 
that they are in large measure river deposits, with occa­
sional incursions of the sea, which left behind  the Lingu1oid 
shells. Apparently, these fossiliferous beds represent the 
Ffestiniog of North Wales, while the Maentwrog beds may 
be represented by the lower part, though the f ossils have 
not been obtained . The Dolgelly series on the other hand, 
seems to have been cut out by the fault, which brought 
the lowcr Arcnig Neseuretus beds in contact wi th the 
Lingula flags. 

These Neseuretus or Ramsay Island beds, consist of 
less than l 000 ft. of dark earthy flags and flaggy sand­
stones, with some iron-stained slates at the top, and they 
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contain the rich fauna already listed. They are succeeded, 
with apparent conformity by l:lack slates, which Hicks ori­
ginally regarded as Lower Arenig.l From their original 
locality, Road Uchaf on Ramsay Island, we shall refer to 
them here as Roaduchaf Beds. 

These beds are especially characterized by graptolites .  
The following have been described from them by Hopkin­
son and Lapworth.2 

Didymograptus extmsus Hall 
Did ymo graptus pemtatulus Hall 
Didymograptus sparsus Hopk. 
Phyllograpbts stella Hopkinson 
Trz"gono graptus enstformis Hall 
Trt"gono graptus truncaltts Lapworth 
Pttlograptus C1'istula Hopkinson 
Ptt"lograptus ht"cksi Hopkinson 
Dendrograptus arbusculus Hopkinson 
Dendrograptus diffusus Hall 
Dendrograptus divergetts Hall 
Dendro,g-raptus flexuosus Hall 
Dendrograptus flexuosus recurvtts Hopkinson 
Callograptus radt"atus Hopkinson 

l Henry Hicks. On the succession of the ancient rocks, in the 

vicinity of St. David's Pembrokeshire, with special reference to 

those of the Arenig and Llandeilo groups and their fossil con­

tents. Quarterly Journ. of Geol. Soc. of London Vol. XXXI, 

1875, pp. 167-195, with Geol. map and section and 3 plates of 

fossils (pls. VIII-XI) 

2 Hopkinson, John, and Lapworth, Charles. Descriptions of the 

graptolites of the Arenig and Llandeilo Rocks of. St. David's. 

Quart . Journ. of the Geol. Soc. of London. Vol. XXXI, 1875, 

pp. 631-672. pls. XXXIII-XXXVII. 
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Callograptus radz"cans Hopkinson 
Dictyograptus homfrayz" Hopkinson 

With the exception of the Phyllograptus, of which 
only one spec imen was found, Dr. Elles cites the same 
fauna. She adds Didymograptus g·ibberulus and she holds 
that this division represents the upper part of the D. 
extenms zone and the lower part of the D. hiru1zdo 
zone. 

Other fossils found in this series are 
Trimtcleus sedg-wz.cki 
Conularz"a hom.frayz" Salter 
Lz"ngula petalon Hicks 
Lingulella davz·s-H M'Coy 
Obolella plicata Hicks. 

Hicks regarded this series as a deep sea deposit, 
partly because of the fine character of the sediments, and 
partly because of the abundance of graptolites, but like all 
other graptolite shales, they are probably near-shore, partly 
lagoonal mud-deposits, if not actually in part at least, 
subaerial mud deposits · submerged at intervals. Beds 
identified by Hicks as representing the same series occur 
in the creek north of Trwynhwrddyn, Whitesand Bay . 
These have furnished: 

TRIJ.OBITA 
Asaphellus homfrayz" Salt. 
Ogygz"a scutatrz·x Salt. 
Trz"nucleus sp . 

BRACHIOPODA 
Lingulella davisz"i M ' Coy 
Lz"ngula P"'talon Hicks 
Orthz"s ( Orusz"a) len#cularz"s Dalm. 
Obolella plt"cata Hicks 
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CoNULARIDA 
Conularia homfrayi Hicks 

GRAPTOZOA ( Hopkins. & Lapworth co l. l ) 
Dendrograptus arbu.)·culus Hopk. 
Dendrograptus persculptus Hopk. 
Callograptus radz'atus Hopk. 
Callograptus radica1zs Hopk. 
Dictyo graptus ca?Zcellatus Hopk. 
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A second series of sediments is exposed at Whitesand 
Bay on the northwestern end of the St. David's promon­
tory. These comprise the more flaggy series some 1500 
ft. in thickness, and were thought by Hicks, to rest 
conformably upon beds referred to the Ramsay Island 
Series. 

These flaggy beds which will here be referred to as 
Whitesand Bay beds have yielded a number of trilobites, 
most numerous among which are the following. 

Fauna of the Whz"tes(md Bay Beds. 

TRILOBITA 
Aegli1Za boia Hicks 
Aeglina grandis Salter 
Agnostus hz'rundo Salter 
Ampyx salteri Hicks 
O gy gia bul lina Salter 
O gygia peltata Salter 
Trinucleus gibbsz' Salter 
Trinucleus sed gwicki Salter 

BRACHIOPODA 
Lingula petalon Hicks 
Orthz"s sp. 
Siphonotreta sp .  



64 A. W. GRABAU: CAMBROVICIAN PULSATlON 

GASTROPODA ETC, 

Hyolithes harknessi ( 1-l i cks ) 
Bellerophon mu!tistriatus Salter 

CEPIIALOPODA 
Orthoceras sericeum Salter 
Hopkinson and Lapworth have described the following 

graptol ites from these beds ( loe. cit . table, Col. 3) 

Graptolites of Whitesand Bay Beds 
Did ymo graptus patu!us Hall 
Tetragraptus quadribrachiatus Hall 
Tetragraptus ha!!i Hopk inson 
Tetrag·raptus (Azygograptus) hicksi Hopkinson 
Tetragrajtus sera Brongniart 
Clematograptus imp!icalus Hopkinson 
Dendrograptus arbusculus Hopkinson 
Dendro graptus flexuosus Hall 
Ca!log·rap!tts elegans Hall 
Ca!lograptus salteri Hall 
Dictyograptus irregularz·s Hall 

Hicks referred these beds to the middle Arenig, 
believing them to overlie his lower Arenig of Ramsay 
Island . Dr. Elles however, who obtained almost the same 
fauna ( with addition of Tetragraptus am# Lapworth) from 
these rocks at Whitesand Bay and Porth Llenog, considers 
them to indicate a horizon considerably below that of the 
Ramsay Island shales, and she places them in the lower 
part of the zone of Dz'dymograptus extensus. The strata 
are all h ighly inclined, and carry the graptolites chiefly in 
the lower, and the trilobites in the h igher portion. Ac­
cording to Dr. Elles, the underlying shales, which Hicks 
thought to be the equivalent of the Ramsay Island shales, 
are therefore still older than the Lower D. extensus zone. 
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Hicks describes a third series of rocks which he 
refers to the Upper Arenig. They resemble the Ramsay 
Island Beds, being l ike them, fine-grained dark slates and 
shales, with a thickness of nearly 1 flOO ft. They are 
well exposed along the north coast, resting on beds of 
"Middle Arenig" and underlying the middle Llandei lo. 
These beds are well exposed in the Llanvirn slate quarry 
on Abereiddy Bay, north coast of the St. David's penin­
sula, and they constitute the typical lower Llanvim division 
of Hicks or the zone with Dtdymograptus bifidus. We 
will ref er to them here as Abereiddy Beds. The spee i es 
recorded from the beds of thi s  quarry are the following. 

Fauna of the Lower Llanvirn or Abereiddy Beds. 
TRII.OBITA 

A eglr:na obtust·caudata Hicks 
Barrandea homfra)·t· Hicks. 
Calymene hopkinsoni Hicks 
Illænus hughesi Hicks 
Illænopsis? acuticaudata Hicks 
Placoparia cambrz"ensis Hicks 
Phacops llanvirnenst·s Hicks 
Trim-ecleus ramsayi Hicks 

OsTRAconA 
Beyricht"a sp .  

BRACHIOPODA 
Dinobolus.'ll ldckst Davidson 

Disdna sp. 
Ortht·s sp. 

GASTROPODA ETC. 

Ophileta sp. 
Pleurotomarta llmwintensis Hicks 
Belle1'oplzon llmwirnensis Hicks 
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Hyolithes ( Theca) caereesiensis ( Hicks ) 
Conularia llanrianenst·s Hicks 

CEPHALOPODA 
Orthoceras caereesiense Hicks 

GRAPTOZOA ( Hopkinson & Lapworth ta ble Col 5) 
Didymograptus bifidus Hall 
Dt.dymograptus nanus Lapworth 
Didymograptus nicholsoni Lapworth 
Did ymo graptus patulus Hall 
Nemagraptzts capillaris Emm. 

Dicellog1'aptus moffatensis Carruthers 
Diplograptus dentatus Brongniart 
Glossograptu� czHatus Emm. 
Climacograptus con.fertus Lapworthl 

Beds considered of the same age were found at 
Porthhayog Ramsay Island. These have furnished the 
following. 

Fauna of the Porthhayog Beds o.f Ramsay 
Island, S. Wales 

TRILOBITA 

Calymene parvzjrons Salter var. murchisoni Salter 
Trinucleus etheridgii Hicks 

BRACHIOPODA 
Lingula attenuata Sowerby 

GRAPTOZOA ( Hopk. and Lapw. table Col. fi) 
Didymograptus a.f.finis Nicholson 
Didymograptus bifidus Hall 
Didymo graptus .furcillatus Lapworth 
Didymograptus indentatus Hall 
C'limacograptus confertus Lapworth 

Diplo graptus dentatus Brongn 

1 Recorded by Cox 
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With the exception of the last one and of D. bifidus, 
all the species of Porth-hayog are distinct from those of 
the Llanvirn quarry and may betong to a somewhat differ­
ent horizonl 

According to Elles, (loe. cit. page 208) "the relation 
of the lo west Llandeilo beds form ing the zone of 
D. murchisoni, to the uppermost Arenig slates is par-
ticularly clear ......... At the extreme south end of Abere iddy 
Bay, a series of much cleaved black slates, dipping a few 
degrees W. of N. is seen crowded with Didymograptus 
murchz"som:; ascending the cliff, a weU-marked band of 
feldspathic ash separates these black slates from an underly­
ing series of lighter-coloured slates." These latter are the 
D. bifidus beds of the Llanvirn quarry as described by 
Hicks. Dr. Elles cites in addition to the species above 
listed from this quarry : 

Didymograptus euodus Lapworth and 
Cryptograptus tricornis Carruthers 

The presence of the ash-bed is noteworthy , occupying 
as it does, the inferred Arenig-Llandeilo hiatus and repre­
senting the volcanics at this horizon in the Arenig region and 

1 In their list of graptolites Lapworth and Hopkinson give only 

Didymograptus bifidus and Diplograptus dentatus as occurring 

in both localities. (Loe. cit. page 635 table Cols. 5-6} In his 

preliminary list however (p. 177} Hicks also cites as common 

to both, 

Didymograptus affinis Nicholson 

Didymograptus indentus Hall 
Didymograptus patulus Hall, besides the two species noted by 

Hopkinson and Lapworth. 

The list given by these latter authors is probably the more 

complete. 
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the pisolitic iron-ore of St. Tudwal's. Of this dividing 
tuff bed, Hicks says (loe. cit. Vol. 31, p. 178) ••The 
thickest one [of several tuff beds in the series] which 
occurs directly at the base of the series i s  in part a 
conglomerate, but its upper portion has been pulverized and 
rearranged by the action of water and made to assume a 
flaggy appearance." Didymograptus murchisoni and Diplo­
graptus joliaceus occur here most plentifully and in well­
preserved state. Other fossils found in these beds aret 

Upper IJanvirn Fauna ( Chiefly after Hicks.) 
TRILOBATA 

Trimtcleus ramsayi Hicks 
Calymene murchisonz"t Salter 
Ogygia sp. 
Aeglz'na sp. 

BRACHIOPODA 

Lingula attenuata Sowerby 
Siphonatreta sp. 

GASTROPODA ETC. 

Bellerophon pertzwbatas Sowerby 
H yolithes caereesimsis Hi eks 

GRAPTOZOA 

Didymograptus mnrchisoni Boeck 
Didymograjtus murchisoni var. geminus ( Hisinger ) 
Didymograptus murchisoni furct'llatus 
Dip!ograptus .foliaceus Murchison 
Orthograptus calcaratus var. priscus Elles & Wood 
Cryptog·raptus tric01'nis Carruthers 
Ptz'lo graptus acutus Hopkinson " 
Dendro graptus ser pens Hopkinson 

1 Hick's loe. ett. p. 179, See also Cox. Q. J. G. S. Vol, 71, p. 

304. 
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Dendrograptus ramsayt" Hopkinson 
Dt"ctyonema sp. 
Ncmagraptus sp. 
CNmacograptus cælatus Lapworth 
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This is a typical upper Llandvirn or Lower Llandeilan 
fauna, and i ts complete distinctness from the faunas of the 
lower beds is evident. These beds are about l 00 feet 
thick. 

The higher Llandeilo beds of this region will be more 
fully considered in a subsequent article. 

The coastal region of Pembrokeshire farther northeast, 
that is between Abereiddy Bay and Abercastle, has been 
made the subject of a separate memoir by Dr. Arthur H. 
Cox. l 

In the more northeasterly portion of this region, the 
rocks are strongly disturbed by folds and numerous faults, 
but from a point near Llanvirn to Traeth Llyfn, the dip 
though steep, is fairly constant, and faults occur only beyond 
Abereiddy. 

The succession he re is as f ollows in descending order : 
LI.ANDEIJ.AN SERIES 

Dicranog·raptus Beds 
Castell limestone (Mydrim limestone) 
Dt"cranograptus sl1ales 

Up per Llanvt"rn 
Didymograptus mztrcht"sont" shales 
Murchisoni ash and Llanrian Volcanic 

Series 

nO ft. 
300 

100 

400-!100 ft. 

l Arthur Hubert Cox. The Geology of the district between 

Abereiddy and Abercastle, Pernbrokeshire. Quart. Journ. of 

the Geological Soc. of London. Vol. LXXI, 1917, p. 273 to 
342, with Geological map and sections and photographic plates. 
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P1-obab!e hz'atus and Disconjormz'ty 

ARENIGIAN 
Lower L!anvz'rn 

Dz'd ymo g-raptus bifz'dus beds 
Arenz'g- ( sens. strict.) 

Tetrag-1·aptus shales 
Porth Gain Beds 
Abercastle Beds 

u PPER CAMBRIAN 
Fjestiniog 

Hz'atus and Fault contact 

Lin gula Flags ( exposed part ) 

800-1000 ft. 

700-1000 ft. 
120 ft. 
120 ft. 

500 ft. 

The Lt.ngula flags are always isolated by faults, and 
only 500 ft. are exposed. This appears to represent the 
upper part, if we may judge by comparison with the North 
Wales section. The group consists of alternations of 
argillaceous and siliceous beds, the former metamorphosed 
into slabby and highly micaceous green slates, the latter 
into laminated white or gray, fine-grained quartzites and 
feldspathic grits. These grits are very numerous and range 
in thickness from less than an inch up to one or two feet. 
Individual beds may show great and rapid variation in 
thickness and the contortion characteristic of the beds in 
North Wales, and probably due to gliding deformation, 
usually accompanies such variation. At certa in levels, the 
siliceous beds or "ringers" have a lenticular character, 
dying out laterally. Locally the sandy material 

'
of these 

beds may increase in coarseness and even become 'pebbly, 
the pebbles reaching a diameter of 2 inches. Such pebbly 
layers range in thickness up to 6 inches. 
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These beds have thus the ear-marks of river plain 
(huangho ) deposits, which, towards the dose of Ffestiniog 
time, suffered a certain amount of submergence or periodic 
flooding, thus spreading the shells of Lz"ngulella davz"sz"z", 
the only fossil in these beds. This brachioped "is abun­
dant at several localities and is especially common in some 
of the regularly laminated quarzitic bands. The shells are 
frequently found in a comminuted condition, as though 
broken up by current action." This characteristic of the 
deposits, indicates rather repeated exposure of the shell­
strewn sands to the influence of the weather. 

The Abercastle Beds. These and the succeeding 
Porth-Gain Beds, were in the early days referred to the 
Tremadoc, and it is from these as exposed on Ramsay 
Island, that Hicks obtained his early molluscan fauna. (See 
ante) The Abercastle beds consist of a series of hard 
sands and gray-blue mud-stones, with streaks and patches of 
dark-blue argillaceous material. They contain numerous 
large lenticular concretions of the same material as the 
beds, and some of the weathered concretions are represented 
by patches of limonite. Ogygz"a selwynt Salter is re­
l'resented in many of the beds by fragments of various 
sizes, as a rule highly distorted by cleavage. Some speci­
mens even so, measure four inches across. Other beds have 
furnished fragments of T1-imtcleus sedg1vz"cki and Orthoceras. 
The thickness of 120 ft .. is estimated from the section. 

The Porth-Gaz"n Beds. These consist of a lower 
portion of micaceous sandy mudstones or hard arenaceous 
slates, about 60 ft. thick, followed by a similar thickness 
of a coarse feldspathic grit into which they grade and 
which in turn grade upwards into the Tetragraptus shales. 
The grit sometimes contains small pebbles and occasional 
shaly intercalations up to 2 or 3 inches in thickness. 
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Feldspar, especially orthoclase, is more abundant than the 
quartz grains, and most of it is very fresh. Recrystallized 
rhyoli te and rhyolite-tuff fragments are very abundant, while 
grains of trachy tic or andesitic rock are less common . 
Cox thinks that "these igneous gra ins were probably dcriv­
ed from the pre-Cambrian (Pebidian ) rocks, while some 
of the mudstone-grains may well have come from the 
Lingula flags. The various grains are embedded in an 
abundant paste of chlorite in which sericite has been largely 
developed' ' . ( loe. cit, p. 2 8 5 ) 

The f ossils of the Porth Ga in , Beds include : 
Orthis proava Salter. 
Ortht"s menapiæ Hicks 
Lingula sp . 

* Orthoceras sp. 
* Trz.nztrleus sed gzuz.tki Salter 

Dendrocrz··nus cambre?tsis Hick 
Callograptus sp. 

The Tetragraptus Shales. These comprise the Iower 
and middle Aren ig of Hick's classification . They consist 
of a series of blue-black cleaved mud-stones and slates with 
occasional thin hands of ash or ashy shales, these becoming 
prominent in the upper portion . They succeed the Porth ­
Gain beds conformably and pass upward conformably with 
scarcely any perceptible l i thological change , in to the Did)'­
mograptus bifidtt s shales . In the lower part of the series, 
small dark phosphatic con cretions are very abundant.  These 
conta in on an Average 4 .  7 per cent of P205 . They are 
oval because of crushing and u sually about half an inch 
long, but others up to 2 or 3 inches in diameter are 
occasional1y found . They are sometimes formed around a 

* Occur also in Abercastle beds 
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trilobite. Concretions of chalyb ite (siderite) up to 6 inches in 
diameter also occur sometimes. These are usually sharply 
differentiated from the surrounding slates . In the lowest 
beds Trt"nucleus cf. � edgwt"ckt" and O gy gt"a selwt"m" are 
found, while the higher beds have yielded numerous 
specimens of Dz"dymograptus nt"tid,us Hall and D. cf. 
extensus. Elsewhere Dt"dymograptzts cf. sparsus and badly 
preserved extens iform graptolites have been found . 

Lower Llanvt"rn · or Aberet"ddy beds, or Didymograptus 
bi.ft"dus beds. These are the upper Arenig Beds of Hick's 
1 87 5 classifi cation . They consist predominantly of gritty 
ashy and slaggy beds in the lower portion and of 
blu i sh slates and mud-stones in the upper . They succeed 
the Tel1-agraptus shales without any break and " in the 
absence of foss i ls therefore, it becomes almost impossible 
to draw an y exact boundary line between the two groups . "  
( Loe. dt. page 2 9 3. )  

In general the Bi fidus or A bere iddy slates are darker 
than those of the Tetragraptus or Whitesand-Bay beds 
and f requently more like mudstones in  appearance. They 
are often highly pyr itous. The ashy beds are mostly blue 
ashy and flaggy slates, weathering red and resembling those 
of the Tetragraptus group near the top . The fossils have 
already been recorded ( ante page 65- 6 6  ) . 

The highest beds of the zone, underlying the Abereiddy 
ash, y i eld abundant examples of : 

Didymograptus bzft"dus Hall 
Dt"dymograptus stabt"!t"s Elles and vVood 
Didymograptus artus Elles and vVood 
Clz"macograptu s sp. 

These beds again appear 
north s ide of Abereiddy Bay. 

in the large quarry on tht! 
Here they have been faulted 
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down against the Castell Limestone which overlies the 
Dicranograptus shales of the Llandeilo. According to Cox, 
these are the beds described by Hicks in 1 8 75  as Upper 
Llandeilo. Hicks did not observe the fault and assumed 
the beds to form a continuous series, normally overlying 
the Dicrano graptus beds. These upper Bifidus beds, of 
which about 2 5 0  ft. are exposed beyond the fault, are 
again seen to underl ie the Llanrian volcan ic series. From 
the upper portion Cox has obtained the following species. 
( 19 1 7, p. 295.) 

Didymograptus bifidus ( Hall) 
Dz"dymograptus ge-minus (Hisinger ) 
Didymograptus nanus Lapworth 
Didymo graptus stabilis Elles & W ood 
Didymograptus a1·tus Elles & Wood 
Glossograptus cf. hincksi Hopkinson , and the tri lobite 
Ogygia buchi ( Brongniart ) 
In the lower part of thi s  exposed series that is about 

2 50 ft. below the volcanic series, a considerable trilobite 
fauna has been found, which was li sted by Hicks ( 18 7 5 ,  
p .  l HO)  as  characterist ic o f  the upper Llandeilo, but 
according to Cox is in the repeated series of the Bifidus 
shales. Cox records the following as found by h im in 
these tr ilobite beds 

(For Hick's l ist see Table A-Il Column 19)  
Ogygia buchi ( Brongniart) 
Calymene sp. 
Barrandia sp. 
Orthoceras sp. 
Conularz·a cf. homfrayi ( Salter) 
Bellerophon pertzerbatus (Sowerby) 
llfonobolina p!umbea (Salter ) 
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The presence of O gy gia bue hi in beds below, and in  
dose association wi th, Didymograptus bi(t"dus opens up a 
rather i n teresting question . O g)•gia bue hi i s  commonly 
considered a character i stic trilobite of the Llandeilan ,  while 
Ogygi a selwi1Zi, a much narrower form, is characterist ic  of 
the Lower Aren ig . O. sehm"1Zi differs from other species 
of the genus, in ha ving the head and pygidium of similar 
length, the genal spines short and stuut, and the marginal 
rim of the pygidium broad and indistinctly marked off 
from the rest of the pygidium, while the lateral grooves 
of the limb do not extend to the margin. O gy gia bue hi  
on the other hand is  much broader, with the head shorter 
than the pygidium and the latter more strongly grooved. 
It would seem desirable that a doser study be made of 
these trilobi tes from the Bifidus beds and to make certain 
of their absolute identity with typ ical Ogygia buchi. 

Cox concludes "That the advent of the Llanrian 
volcanic concli tions d id not immediately affect the D. bijidus 
fauna, as the graptolites are still abundant in the shales 
of the Llanrian lavas" He finds this  in agreement with 
condit ions observed by Lapworth and W attsl among the 
Hope shales and Stapeley ashes of Shropsh ire. 

lf, as I believe, these later Arenig beds mark the 
progress of retreat of the sea from the Old Land, with 
the volcan icity taking the place of the usual interpulsation 
tectonic disturbances it  is easy to understand that occa­
sionally floating graptolites may still be washcd ashore 
and embedded in sediments overlying the early volcanic 
flows . In that case, there 1s no reason for considering 

1 C. Lapworth and W. W. Watts . The geology of South 

Shropshire. Proceedings of the Geologists Association,  Vol .  

XHI, 1894, p .  3 1 7. (See also this volume, postea. )  
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such flows as submarine outpourings, unless indeed the 
character of the lava itself shows such an origin. 

These lava flows, in the region under consiaeration, 
are ryholi tes and usually rather thin, while they appear not 
to have a very great lateral extension. As there are 
several such flows, they cannot always be correlated, 
through sometimes they are superposed one upon the 
other, giving rise to a considerable thickness of igneous 
rocks. 

uThe lavas are non-vesicular and non-porphyritic while 
nodular spherul itic and perlitic structures are entirely absent. 
Xenoli ths of slightly hardened shale, may be occasionally 
observed." (Cox 1 H 17 page 30a ) . These extrusive rocks 
are associated with a considerable amount of pyroclastic 
material, chiefly in the fonn of fine-grained tuffs. The 
lowest of these ash beds is com monly known as the 
Didymograptus murchisoni ash, following abruptly upon 
the fossiliferous D. btfidus shale. These ashes, which are 
about 150 ft. th ick are largely composed of !.Jumiceous 

lapilli, but there are also present shale fragments measur­
ing up to :J inches in diameter. 

These ashes are so called, because in their upper 
pulverized and rearranged portion, Didymo graptus murchz"soni 
and Diplugraptus foliaceous are found in abundance in the 
A bereiddy region. 

There is nothing inconsistent in this occurrence with 
the assumption that the main period of volcanic activity 
occurred between the emergence of the region on the 
retreat of the Lower Ordovician Sea and the readvance 
of the Middle Ordovician Sea. The latter would then 
rework the upper portion of the volcanic ashes, and 
leave its organ ic remains in these reworked pyroclas-
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ties. Of course, if we regard the series as a continuous 
and uninterrupted one, as the Brit ish succession taken by 
itself would lead one to assume, and especially if one 
believes that graptolites are deposited only in deep water, 
one is f orced naturally to regard these flows and ash beds 
as sub-mJ.r ine deposits. Freed from these predisposition s 
however, it seems apparent that all of these sections per­
fectly harmon ize with the general progress of palæogeographic 
development recognized in the Lower and Middle Ordovi­
cian in widely separated regions of the earth. 

The Ynys-Castel! Ashes. There is another formation 
which is interesting in this connection and that is the Ynys­
Castell series of ashes and grits. . These appear in the 
headlands some 4 miles east of Abereiddy Bay. They 
begin with a basal gri t or breccia, which rests apparently 
with a disconformity on the Tetragraptus shales. The 
contact i s  a sharp one and not due to faulting, as exposed 
at Ynys-Castell Headland. The bed i s  gritty and conglo­
meritic, consisting of fragments, varying from sand gra ins 
up to blocks 18 inches or more in length , embedded in 
abundant argillaceous matrix. The !argest pebbles consist 
of hard feld�pathic mud-stones, apparently derived from 
Cambrian rocks. Fragments of dark-blue shales or mud­
stones, impure f eldspathic grits or graywackes, cherts?, 
cherty sandstone, and less commonly, a trachytic rock, 
are among the other consituents of this  conglomerate, 
while the finer · grains consist of more or less angular 
qtiartz fragments and feldspars of various k inds. This 
basal grit is about 18 ft. in thickness and is of li mited 
horizontal extent and it has been thought that i t might 
be of volcanic origin. 

The basal grit pass�s up into a series of fine-grained 
silicified ash · rock, of bluish green colour, splintery 
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conchoidal fracture and semi-vitreous lustre. Many of the 
beds are massive from -l to 6 ft. in thickness, but others 
attain only a few i nches. The maximum thickness has 
been estimated at 200 ft. and they are succeeded by 
mud-stones, often highly pyritous, and well exposed at 

Castell-Coch after which 1ocali ty they were formerly 
named. Thei r thi ckness is about 200 ft. and they are 
o ften capped by a diabase si ll. 

No fossils have been obta ined from these beds, but 
from their position they have bcen referred to the 
Didymograplus bifz"dltS beds, which elsewhere have furn ish­
ed similar pyroclasti c  rocks. It is quite probable that 
they represent the con tinental or emergent phase of the 
later Aren ig emergence, and have furn ished some of the 
material for old delta surfaces, in which some of the 
stranded Di{iymograptus biji"dus types were enclosed. 

It is  thus seen that the eff ect of the retreating 
Cambrovician Sea became apparent in the St. David's 
region of South Wales, during the period of deposi tion 
of the Porth-Gain Beds, more marked during the deposi­
tion of the Tetragraptus shales and that the region be­
came all but free from marine  invasions in the Lower 
Llanvi rn or period of Dz"dymograptus bifidus, although 
occasional individuals of this species were sometimes east 
ashore here and there. As we shall see presently in 
western Ireland, more than 200 miles to the northwest, 
the retreat of the sea began during the period of the 
Tetragraptus or late Dz"dymograpttts extensus period 
tho1,1gh an occasional member of  the D. kirundo group 
was sti ll east ashore. In both cases, the senes ts 
fol lowed by volcan i c  rocks. In both cases toa, the 
emergent phase i s  represented by pyroclastics and in the 
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more western region by volcan ic flowsl Ordovician rocks 
form a belt through the center of Caermarthenshi re ( the 
coun ty next east to Pembrokeshire in Wales) both west 
and east of Llandei lo ,  and throughout the northeasterly 
region they are in  contact wi th the early Si lur ian rocks. 
The Cambrian rocks however, are not  exposed in this 
di strict, the series beginni ng with the Arenig. The 
Ordovician rocks of we!>tern Caermarthensh ire were studied 
and mapped by Evans, and those of the more easterly 
region by Cantrill and Thomas. 2 

In western Caermarthenshire the central belt of the 
Ordovician is formed by the Tetragraptus shales, flanked 
on either side by beds of Llanv irn age, beyond which 
occur the Llandeilo and still further north and south re­
spectively the Bala Beds. Thus the general structure is 
that of an east-west extending eroded anticli ne, but this is 
complicated by minor folds and many faults. The amount 
of folding and thrusting has heen such that according to 
Evans "poin ts that are now with in  3 miles of one another 
were, previous to the movemer.t 4 or 5 times that di stance 
apart." This is emphasized by the fact that correspond­
ing formations  on the north and south side of the main 

1 For detailed discussion of the petrographic characters of these 

igneous rocks see,  James Vincent Elsten. On the Igneous rocks 

occurring between St. David's Head and Strumble Head, 

Pembrokeshire. Quarterly Journal of the Geol. Soc. of London 

Vol. LXI, 1905, pp. 579-607. Map, 2 plates. 

2 David Cledlyn Evans. The Ordovician rocks of western 

Caermarthenshire. Qua rt.  Journ. of Geol. Soc. of London. Vol. 

LXII, 1906, pp. 597-643 with a geological map. 

Thomas C. Cantri ll and Herbert H. Thomas. On the igneous and 

associated sedimentary rocks of Llangynog (Ca�rmarthenshire) .  

ibid. p. 223-252, with maps and plates of rock sections. 
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anticl ine differ markedly not only in their  lithological 
characters but in their fauna s as well, as shown by the 
following two sections given by Evan s. 

SECTION I. Succession of Rocks on the Northern Limb 
of the Caermarthen anticline. 
V. Bala�Caradoc 

b. Brown�gray mud�stones, shales and grits 
a. Black�slaty beds with Dicranograptus 

IV. Llandeilo 
B. Dicranograptus beds 

c. Ashy�black shales, with lenticular hands of 
Iimestone containing Dicranograptus, Lepto­
graptus etc. 

b. Black shales and mud-stones, weathering 
huff and yellow, containing graptolites and 
tri lo bites . 

a. Black shales wi th crowds of Dtplo graptus 
and shells. 

A. Asaphus tyrannus beds 
a. Ashy beds and sandy flags, with Asaphus 

tyrannus etc. 
Ill. Uppe1" Llanvirn 

A. Didymograptus murchisont" beds 
c. Stri ped gritty flags, with abundance of 

Didymograptus mztrchisoni 
b. Blue-gray ash, weathering rusty�brown. 
a. Soft sandstone with crowds of Didymo� 

graptus murckisoni 

Probable Hiatus & Disconformt"ty 

I l. Lower Llanvir1z 

A. Didymograptus bt'fidus beds. 
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a. Shaies, mud-stoncs and bands of ash, with 
graptolites and trilobites. 

I Arenig-
A. TetragraptJts JJeds 

g. Blue-black shales and mud-stones, conta ining 
Tetragraftus and trilobites 

f. Stripcd flaggy shales with Ogygia mm·ginata 
etc. 

c. Gritty beds, with Dictyograptus and Den­
dro gr,rptus. 

el. Orthis mud-stoncs 
c. Grits and con glomerates with Orthis and 

trilobites 
b. Black, ashy shales, with local bands of 

blue ash. 
a. Blue-black shales, with few fossils. 

(Lower Becls not exposed ) 
SECTION u. Shows the succession of formations 

tn the southern limb of the Caermarthenshire anticline. 

VI. LowER LLANDOVER v 

b. Gray sanclstones and flags with dark mudstone 
partings , very f ew f ossils. 

a. Gray grit and conglomerate. 

Probab!e Ht"atus & Disron/rwmity 

V. BALA CARADOC. 
D. Slade Becls 

a. Blue-gray mud-stones, with bands of shelly 
limestone usually rot ten. 

C. Redhill Beds . 
a. Blue-gray sands tone, with trilobites and 

brachiopods ( Trimteleus seticornis etc. )  
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B. Sholeshook Beds 
a. Arenaceous l imestone with many fossils 

A. Robeston-Wathen limestone. 
a. Black limestone wi th calcareous shale pa r­

tings 
IV. LLANDEJLO 

B. Dicranograptus shales 
a. Black shales with graptoli tes etc . 

A. Asaphus tyrannus limestone 
a. Black limestone with Asaphus ty-rannus and 

O gy gz'a buchz' 
Ill. U PPER LLANVIRN 

A. Didymograptus murchz'soni Beds 
a. Black mudstones w i th Dz'dymograptus mur­

chisonz".f! 

Probable .liiatus & DiscO?iformz'ty 

Il. LowER LLANVIRN 
A. Dz'dymograptus bift'dus Beds 

a. Black shales and mud-stones, wi th hands of 
ash and con tain ing Didymograptus bij"idus 
etc. 

l. ARENIG 

A. Tetragraptus lleds (as in Ta ble l) 

The higher 
another article. 
and Llanvirn. 

beds of this series will be discussed in  
We are here con cerned with the Arenig 

The Arenig. 

lA. a. In the eastern part of t he a rea, these beds 
are mostly shales and the regi on is more dee ply eroded. 
In the western half, which is nearer to the Old Land, 
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there is a considerable development of grits and conglo­
merates and the ground is more hilly. 

The lowest beds are black iron-stained mud-stones, 
i n  which fossils are so rare, that their precise age has 
not been determined. In the absence of sufficien t proof 
to the contrary, they are placed at the base of the Didy­
mograptus extensus zone. A few trilobites, belonging to 
the genera Aeglz"tta? and Trinucleus and specimens of 
Orthoceras have been found .  Fragmen ts of a Caryocar·is, 
trails, and Orthz"s carausz"i Salter, have also been found 
associated wi th graptoli te fragments. 

lA. b. Ashy mud-stones etc. The black shales of 
the prececling series pass i n to beds of coarser texturc and 
take on the character of ashy mudstones and finally of 
gri tty beds. They are sparingly fossi liferous, though in 
somc beds Orthis carausiz: Sal ter is fairly numerous . A 
few fragments of dendroid graptoli tes have also been 
obtained and there are several hands of igneous rocks. 

lA. c. Grz."ts with Orthis and trilobites. Gri ts of 
variable character and thickness, ashy in some localities, 
conglomeratic in others with Ogyg-z"a marg-inata Crosf . 
and Skeat and Orthz"s carausz"i (Salter ) . Other species 
a re Trinucleus cf. sedgwicki Salter, and Orthis menapiæ 
Hicks. Besides these, fragmen ts of Dendrograptus were 
obtained. 

lA. d.  Orthis mudstone and lA. e. Dictyograptus 
Beds. The gritty black mud-stones abound in Orthis 
carausz"i Sal ter. Some beds are crowded with graptol ites 
and the following have been recorded. 
Ca!! o graptus radiatus Hopk . 
Ca!!ograptus salteri Hall 
Ca!! o graptus salteri var attenuatus Elles ( Ms. ) 
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Dictyograptus lwmfrayi Hopk. 
C!emato�raptus imp!icatus Hopk. 
/Jmdrograptus flexltOS?ts Hall 
IJrthis carausii Salter 
Ling·zt!a sp. 

Among trilobites Ogygia marginata Crosfield and 
Skeat and Trz.nuc!eus sp. may be mentioned. The first 
species is ch aract eristic of t he overlying flaggy beds. 

IAf. Ogygia se!wini beds These con tain : 

Ogygia marginata C. & S. var. 
Ogygt·a sclwim-" Salter 
Orthis caraztsii Salter 
Orthis menapiæ? Hicks 
Callograptus salteri attenua!tts Elles 

Ogygia selwini stamps this fauna as Lower Arenig. 
lA. g. Tetragraptus beds. The Ogygia mm-ginata 

beds pass upwards into the Tetragraptus shales, cha r­
acterized by Tetragraptus quad1-ibrackiatus, T. head·i Hall, 
and Didymograptus extensus. These are normal grap tolite 
shales, consisting of blue-gra y mud-stones an d darker 
shales with graptolites. The graptolites include the 
f ollowi ug s pecies. 

Dendro graptus extensus Hall 
Did ymograptus nitidus Hall 
Didymograptus patulus Hall 
Didymograptus sparsus Hopk. 
Tetragraptus headi Hall 
Tetragraptus amii Lapworth 
Tetragraptus serra Brongn. 
Tetragraptus b·igsbyi Hall 
Tetragraptus quadribrachz"atus Hall 
Ca!lograptus salteri Ha ll 
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Ca!lograptus persmlptus Hall 
The trilobi tes includ�: 

Aeglina binodosa Salter 
Trinucleus sedgwt"du· Salter 
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Ortht"s ca!!igramma has also been reported from 
these beds, but this i s  probably only a broad identifica­
tion. 

Zone of D. hi1�undo. 
some\vhat higher graptoli te 
hirztndo a ppears with 

East of the river Fenni, a 

zone, that of DUymograptus 

Didymograptus extensus Hall 
Dt"dymograp!tts 1titz"dzts Hall 
Didymolrraptus patu!us Hall 
Didymograptus sparsus Hopk. 
Didymograptus hinmdo Salter 
Tetragraptus sen-a Brongn. 
Tetragraptus amii Lapw. 
Tetragraptus bigsbt'i Hall 
Ca!!og1�aptus salten,· Hall 
Dendrograptus persm!ptus Hopk. 
Dend1�ograptus f!exuosus Hall 
Ptylograptus kickst' Hopk. 
Dictyog-raptus cf. ca1tce!lat?ts Hopk. 

Also with these 
Aeg!ina caliginosa 
Trinucleus cf. sedgwz'cki Salter 
Asaphus sp, 

and species of Orthz's, Lingu!a, Obolella and Siphono­
treta. Also Conularia, Hyolithes, 01�thoceras cf. sericettm 
Salter and Caryocaris. 

D. bzfidus Beds. Beds with Didymorrapttts bz/idtts on 
the other hand are well developed on the southern limb 
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of the anticline, where perhaps  900 
gri ts, and ash-beds are seen between 
these beds have becn obtained 
GRAPTOZOA 

Didymograptus btfidus Hall 
Didymograptus euodus? Lapw. 
Dt'dymograptus nt'cholsoni Lapw. 

ft.l of shales, thin 
two faults. From 

Didymograptus nicholsont' pla1zus Elles & Wood 
Dt'aymograptus inde

ntus Hall. 
Didymograptzts a.f.finis Nicholson 
Dt'dymograptus acuticlens Lapw. 
Diclimograptus geminus Hisinger2 
Phyllognrptus tyjzts Hall 
Phyllograptus mzna Hall 
Diplograptus clentatus Brongn . 
Climacograptus teretiusculus Hisinger 
Climacog1�aptus con.fertus Lapw. 

TRn.OBITA 
Agnostus mccoyi Sal ter 
Aeglina binoclosa Salter 
Calymene parvtfrons Salter 
Placoparia cambn'enst's Hicks 
Illænus hughesi I-Iicks 
Phacops llanvirnmsis Hicks 
T·rinucleus cf. ethericlgii Hicks 
Trt'nucleus cf. murchisont' Salter 
Barranclea hom.frayi Hicks 

Mm.LuscA 
Bellerophon multistriatud Salter 

· Bellerophon sp. 
Opht'leta sp. 

1 Measurement made from the section which is drawn to scale 
2 D. murchisoni var. geminus His. in upper beds. 
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Conulan·a sp . 
Hyolithes sp. 
Orthoceras cf. caereeszense Hicks 
Orthoceras cf. encrinale Salter 

BRACIIIOPODA 

Monobolina plumbea (Salter) 
Orthis sp. 
Lt'ngula sp . 
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These beds are much less satisfactorily exposed on 
the northern li rnb of the anticline where they are less 
fossiliferous and also more strongly disturbed. 

Didymograptus mt.trchisoni beds. These are well 
developed , on the north but poorly so or absent, on the 
south side of the anticline. These beds begin with black 
mud-stones, followed by beds of blue ash and ashy shales and 
the se by thick · bedded arenaceous mud-stones. Graptoli tes 
are the chief fossils including Didymograptus murchisoni, 
Diplograptus foliaceus, Climacograptus cælatus Lapw. etc. 

Besides this the lower division has furnished a frag­
men t  of Ogygia and the upper Stphonotreta micula Mc' 
Coy and Lingu!a cf. attenuata Sow. The middle member 
has furni shed no fossils. 

It is still a matter of doubt whether there is a pro­

nounced hiatus between the D. murchisoni and the D. 
bifidtts zones . Evans says: "there is in thi s district a 

natural well-defined line of demarcation between the D . . 

murckisoni Beds and those of D. bifz'dus age-a line 
characterized by lithological and faunal conditions and 
easily traced wherever the two series appear in normal 
succession." (loe. dt. p. 619). As the original zoning of 
these Lower Ordovician rocks is largely based on the 
Briti sh occurrences where probably · the Lower and the 
Middle Ordovician are incomplete , the former at the top, 
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the latter at the bottom , we lack a perfect standard f0r 
comparison. Not until we have a more completc series of 
zon es, between that of IJid ymo graptus extensus below 
and that of Nemag1'ajtus gradlis above, shall we be 
able to evaluate the gra ptolite-bearing beds in  the re­
gions of incomplete development, such as, if we interpret 
the fac ts correctly, practically all the British sections are. 
It is possible tln.t the more complete . successsion will 
some day be found in South China or some other Asi at i c 
regi on, for that seems to have been nearer the · center of 
original dispersal. 

Very little needs to be said regard ing the Aren ig 
sediments i n  the more easterly region of Caermarthenshire 
as ciescribed by Cantrill & Thomas. Here the Didymo­
graptus biji"dus beds are · in fault contact with the 
Tetrag1'aptus beds and both include thick beds of grits in 
their lmver portions. The region is much d i sturbc d by 
faul ts and there are many igneous intrusions. Other fossils 
than graptolites are rare. 

In the neighbourhood of Caermarthen , the more or 
less complete section of the Tremadoc and the Aren ig is 
shown.t The Tremadoc shales at Nant-y-Glasdwr and at 
Cwm Ffrwd are fine bluc gray shales, with interst rat ified 
hands of micaceous san dstone at the former, and gritty 
mudstones at the latter Iocality. They have yielded 
Ogygia marginata Crosfield & Skcat, Parabo!t'nella sp. 
Peltura fttnc!ata Crosfield & Skea t, ( abundant ) . Orthz"s 
sp . , Odhoceras sp . and Modiolopsis sp. 

The Arenig consists ( at G!a?Z Pt"bwr cottage) of fi n e  
gra ined, dark-blue mud-stones l ike the Tremadoc, but 

1 Margaret C. Crosfield and Ethel G. Skeat. On the Geology 
of the neighbourhood of Caermarthen, Quarterly Journal of the 
Gcol. Soc. Vol. LII, pp. 523-541. 1896 
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harder and wi thout the grits. The beds have yielded Ampyx 
sp. and Ogygia marginata, Ctmodonta sp., and Phyllo­
graptus cf. angustifolius Hall. Elsewhere in the region 
in the same or somewhat higher beds, occur also Calymenc 
farvz'.frons and var. murchisoni Salter, and Calymene 
tristand Brongniart , Asphus sp. etc. 

The BIFIDUS BEDS are sometimes shales and someti mes 
hands of alternating shales and gri ts. Here Phacops 
llanvirnensis i s  found. Elsewhere: Didymograptus indentus 
Hall ,  D. bifidus Hall, and Dip!ograptus dentattts Brongn. 
The cornplete list of fossi ls from the Bifi'dus shales is as 
follows ( Crosf. & Skeat loe. cit. p. 528) 
GRAPTOZOA; 

Didymograftus bz'.fidus Hall 
Dz'dymograptus indmtus Hall 
Didymograptus murchisoni Beck? 
Didymograptus patulus ( gmup ) 
Dip!ograptus dentattts Brongn. 
Climacograptus confertus Lapworth 
Climacograptus coelatus Lapworth? 
Dend1·ograptus cf. flexuosus Hall 

TRILOBITA: 
Acidasfis buchi Barrande 
Phacops !lanvirnensis Hicks 
Amjyx sp. 
Aeg!ina sp. 

BRACHIOPODA 
Si phonotreta micula 
Lingula sp. 

The presence of D. murchisoni in  one section of th i s 
series suggests that there may be some commingl ing. 

The Dt'dymograptus murchisoni shales are also ex-
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posed in  this region . These are dark gray sl1ales with some 
sandy beds, containing Didymograptrts murch isoni Beck 
and Siphonotreta micu!a. The authors state that "no 
certain boundary line can at present be drawn bt>tween 
these beds and the underlying Bifidus shales, as fossils 
are so exceedingly rare in the upper part of the latter" 
(p. 529.) If there is a disconformity here, as it seems 
we must assume, it is cvidently masked. 

The Llandeilo limestone is not present in this region 
hut it may be represented by gritty and sandy flags which 
overlie the Murchisoni beds. They contain Asaphus ty-
1'annus and Orthis strz"atu!a. 

The Dicranograptus shales next succeeding are dark 
blue or black i n  colour, with Ctimacograptus bicornz"s Hall 
and Dip!ograptus foliaceus Murchison. 

Finally the Bala is represen ted by mudstones, grits, 
sandy flags, sandstones and conglomerates. These have 
yielded Lz.ngula tmuigranulata, Lbtgula !aevis, Orthz"s alata 
Orthis calligramma, Orthis flabellulum Sowerby Nucula 
laevis etc. 

These sections mainly bring out the fact that the 
Tremadoc Beds, evidently cut out by faulting in  the more 
western distric t, are nevertheless present in thei r normal 
positi on between the Upper Cambric�.n and the Arenig. 
The Dictyonema Bed however, has not been found . 

.Ire/and 

The western coast of Ireland is characterized by a 
group of projecting headlands and islands of ancient rock 
in the vicinity of 540 latitude north and longitude l O'l 
west. These form the western port ion of Galway and 
Mayo, and consist largely of pre-Cambrian crystallines and 
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int rusive granites, but they in clude a few scattered patches 
of O rdovi cian and Silurian rock, all of which have been 
more or less strongly disturbed. Resting unconformably 
upon these is the Carboniferous Limestone seri es , (Viscen ) 
which covers such a l arge part of central lreland . The 
boundary line between the Carboniferous Limestone series 
and the older rock i s  indicated by a series of lochs, which 
extend most of the way from Galway Bay on the south 
to Clew Bay. West of one of these, Loch Mask, a 
considerable a rea of older Palæozoic stra ta i s  e:xposed and 
from two districts, the Tourmakeady District of County 
Mayo, and the Glensaul district of Coun ty Galway, beds 
of Ordovician age have been describcd l . 

The general sectio ns for each of the two di stric ts is 
as follows. 

Section in the Tourmakeady Dt:strict. 

3. Bala? c onglo me r ates and sandstones with p ebbl es 
mainly of gr an it e and felsite. 

2. Shangort and Tourm akeady beds. ( Llandeilo) 
2b. Shangort grits and tuffs, coarse 

and fine, the prevalent type a 
calcareous gr i tty tu ff, includes the 
Tourm akeady limestones about 30 
ft. thick , and limestone breccias 

1 G. H. Gardener and Sidney Hugh Reynolds On the Igneous 

and associated sedimentary rocks in the Tourmakeady District, 

County Mayo with a palæonto!ogical appendix by Fredt:rick 
Richard Cowper Read. Quartt"rly Journal of the Geological 

Society of London Vol. LXV, 1909, p. 104·154. Map and 2 
plates (1 of fossils). Ibid the lgneous and associated rocks of 

the Glensaul District, County Galwa.y. Ibid Vol. LXVI, pages 
253-280, with map and two plates of fossils. 
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formed from the fragmentation of 
the limestones 40 ft. about l 000 ft. 

2a. Red felsite, or rhyolite. A series 
of flows varying greatly in thick-
ness, maximum ROO ft. 

( Probable hz'atus and discon_formity) 
l. Mount Partry Beds. ( Arenig. ) a bout 1 :300 ft. 

le. Coa rse quartzose grits , with occa-
sional cherthands and tuffs ( up to 400 ft.) 

. i b. Fine grits, graptolitic shales and slates 
1 a. Coarse conglomerates. 

Base of section not exposed. 

The best section of the lower beds is e.x posed in the 
vicinity of Mount Partry about -} mile north of the vill­
age of Tourmakeady, in the bed of Treanlaur Stream, 
which crosses the area approximately at r i ght angle to the 
strike. The bed<> dip at a strong angle to the N. N. W. 
The lowest beds are not exposed they pro ba bly extend 
under the cover of Dina ntian rocks which unconformably 
overly them. A detailed section of the Mount Partry 
beds is as follows (Loe. cz't. p. 107) in descending order 

7. 

(-). 

4. 
3. 
2. 

Sectz'on o_/ Mottnt Partry Beds. 

Coarse green grits, very quartzose and 
feldspathic. 
Fine grits and cherts, expo sed part 
Fine gritty tuff 
Coar se tuff 
Fine gritty tuff 
Fine grits, cherts and slates i ncluding a 
black band with graptolites at about 20 
feet above the base 

? ft. 
about 20 ft. 

60 ft. 
50 ft. 
60 ft. 

fl() ft. 
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l. Coarse conglomerate, estimated thickness 850 ft. 
The following graptolites were found in bed 2 accord· 

mg to Elles and Wood, who refer the assemblage to the 
zone of Didymograptus hirundo. 

1. Didymograptus acutidens Elles & Wood. 
�. Did ymo graptus biji"dus Hall (small variety) 
:1. Didymograptus extensas Hall 
4. Didymograptus filzformis Tullberg 
5. Didymograptus grad/is Tornquist 
6. Didymograptus hirundo Salter 
7. Tdragraptus bigsbyi Hall 
8. Tetragrajtus jmdens Elles 
�). TetragrajlltS sp. nov. 

l O. Dip!ogmptus ( G!yptograptus) de11tat?tS Brongn. 
l l. Clonograjtus !apworthi Rued. 
12. Dendrograptid 

The tuffs which overlie the graptolite beds, with a 
thickness of some 1 70 ft, mark the beginning of volcanic 
activity in this region, since they are evidently contem. 
poraneous deposits. Overlying as they do, the shales with 
the Didymograptus h�·rundo fauna, they may be correlated 
essentially with those of North \Vaies, in which occasion. 
ally have been included members of the D. bifidus fa una . 
What is regardecl as an ancient volcanic vent, is an oval 
mass of coarse breccia, about 300 ft. long, lying to the 
west of the village of Shangort.l Some of the felsites 
are regarded as contemporaneous flows, others as intmsive. 
Among the former is a great red felsite ( rhyolite mass) 
which forms a series of lava flows, which aggregate 300 
ft. or more in thickness. In their several sections Gardener 

1 Geikie A. Ancient volcanoes of Great Britain Vol. 1, p. 253, 

1 897. 
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and Reynolds show this felsite to rest disconformably 
upon the Mount Partry beds, which show an eroded sur­
face, ( Section l, Fig. 2, p. 110) or even unconformably 
( Section Il Fig. 3, p. 11 O). It is followed concordantly 
by the Shangort beds. This is the character throughout 
most of the area, but in the northern region, ( Section 
IV, Fig. 6, page ll..J:) a great intrusive felsite cuts the 
Mount Partry Beds and they are disconformably succeeded 
by the Shangort Beds, which themselves contair. a minor 
bed of contemporaneous felsite and are in turn discon­
formably succeeded by the Bala ? Beds. 

The Shangort beds of grits and tuffs, which overlie 
the felsite or rest disconformably on the Mount Partry 
bcds, as wcll as the Tourmakeady Iirnestones and breccias 
which the former include, constitute the higher series. 
The gritty and ashy Shangort beds and tuffs are mostly 
free lrom fossils, these bcing segregated in certain locali­
ties. Among them are such characteristic Ordovician 
forms as 

Plectambonz"tes sericea Sowerby 
Orthis callig1/amma Dalman etc. 
In the first study of these fatmas Cowper-Reed re­

fen·ed them to the Llandeilo, but after studying the fos­
sils from the Gl en sau! District, he decidcd against the 
Llandeilo and for the Aren i g  age of these becls. We 
shall discuss this more at length presently. 

The Glmsaul Section. 
This small area lies from 3-5 miles southwest of 

Tourmakeady Lodge in Galway County, and is virtually a 
continuation of the Mayo County rocks just described. 
The section there is as follows in descending order: 
3. Bala ? Beds (or younger) 

Conglomerates and sandstones 
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Hz"atus and disconjormity 

2 .  SnANGORT AND TouRMAKEADY BEDS 

l .  

2 h .  Calca reous gritty tuffs, of no great coarsen ess .  
Sometimes becomi n g  s o  calcareous a s  to pass 
i n to fairly pure limeston e, enclosing also 
hands and patches of limestone breccias and 
more rarely hands of fossiliferous limestone, 
which in some cases has been shattered by 
earth movements 

Probable hiatus & d·isconformity 

2g. Very coarse tuff or breccia, main ly 
composed of feldspar fragmen ts, 
with associated impersisten t hands 
of fine tuff 

2 f. Coarse and fine tuff, with occa­
sional pa tches of cal careous beds. 
A graptol i te bed at  one point, 
i ndicating zone of Dt"dymograptus 
hirundo .  

2 e .  

2d. 
2 c. 
2 b .  

2a . 

Mo uNT 

I d. 
l e. 

Grea t felsite sill of Tonagl anna 
and Green aun about 
Coa rse grit 
G ritty tuff 
Coarse tuff or breccia ,  mainly 
composed of feldspar fragmen ts 
Fin e-ban ded tuff 

p ARTRY BEDS. 

Coarse gri t 
Fine gri ts and tuffs, with associ­
ated black chert, graptolite beds 
and a prom inent band of coarse 
tuff or breccia .  The graptolites 

7 f> 0  ft. 

1 5 0 ft . 

l l 00  ft. 
2 0  ft.  

5 2 0 - t> 2 0  ft . 

7 5  ft . 
f) 5  ft. 

1 5 0 ft . 
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indicate the upper part of Didy­
mograptus extenstts zone. 

1 b. Coarse grits. 

? 1 50 ft . 

1 1  o ft .  
1 a. Coarse conglomerates, i ts exposed 

part about ) 600 ft. 

Division · 1 a and l b  of the Mount Partry beds are 
unfossiliferous an d represent continental deposits . The 
coarse conglomerates have blocks composed mainly of gri t 
and frequently as much as 2 ft. in  length . Formation l c, 
though fi ner and associated wi th tuffs and Radiolarian 
cherts, marks the beginni ng of volcani c  activity in thi s 
region, but is still i n  large part a continental deposi t. It 
contai n s  only graptol ite beds and therefore represen ts 
repeatedly flooded or marined low-lying coastal river-plai n  
cleposits. The following graptol ites have been i clenti fied 
by Dr. Elles from these beds. 

1 . Clonograptus lapwortki Rued . 
2 .  Didyonema 
:L Didymograptus a:f.finis Nich. 
4 .  Dz'dymograptus bi.fidus Hall ( common, small 

form ) 
fl .  Didymograptus extenS1Zs Hall ( common ) 
6 .  Dz'dymograptus .fasdcula!tts Nich. ( rare ) 
7 .  Dz'dymograptus fi'liformz·s Tullberg 
8 .  Didymograptus gracilz's Tornquist 
9 .  Didymograptus nanus Lapw. ( common ) 

l O. Didymograptus nicholsom: Lapw. 
1 1 .  A Dendrograptid .  
l 2 Glyptograptus dentatus Brongn. ( rare ) 
1 3 . Tetragraptus amii Lapw. 
1 4. Tetragraptus fru#cosus Hall 
l fl .  Tetragrap!t�s pendens F.lles 
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1 G .  Tetragraptus quadrt"bracht"atus Hall 
l 7. Tetragraptus serra Brongn . 
1 8 .  Thamnograptzts sp. 
l H .  Trichograptus fragilis Nich. 

97 

Dr. Elles refers thi s to the upper part of the zon e 
of Didymog1/aptus extemus, which would make this hori zon 
slightly lower than that of the Tourmakeady region. Gar­
dener and Reyno1ds think that the two are essentially the 
same zone, while Dr. Elles remarks that the fossil evidence 
is not inimical to this view. The horizon may thus be 
placed at the Fxtensus-hirundo boundary li ne .  The Didy­
mograptus bzfidus, abundant at both localiti es, is pronounc­
ed by M i ss Eltes a small and early mutation of the form 
characteristic of the Bifidus zon e proper. Thin sections 
of the cherts an d fine silicifi ed tuffs have disclosed the 
presence of Radiolaria and these are found under similar 
conditions in the corresponding beds of the Tourmakeady 
Dis tri et. 

The Mount Partry beds in both regions are terminated 
by coarse grits which overli e the graptolite beds, showi ng 
the return of the con tinental con ditions after the tempor­
ary flooding which spread the graptoli tes and Radiolaria 
over the flat surface. 

The surface flow of felsite overlying the Mount 
Partry beds in  the northern region, appears to be absent 
in the Glensaul District, where tuffs and breccias, mainly 
composed of feldspar fragments, succeed the terminal grit 
of the Mount Partry beds. The fels ite of the southern 
section forms an i ntrusive · sill between these tuffs and the 
higher series, in whi ch another graptolite bed is found. 
This is 2f of the section given above. The graptoli te 
bed has furni shed 

Didymographts extensus Hall 
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Didymograptus gibberu!us Nicholson 
Didymograptus hirundo Salter . 
Didymograptus nitidus Hall 
This represents t he Didymog1/aptus hirmzdo zone, 

and therefore is still to be classed with the Arenig. The 
succeeding coarse tuffs and breccias, the latter composed 
mainly of felsitic fragments ( 2g of the section ) apparent­
ly represen t the final emergent series of the Cambrovician 
retreat, while the Shangort gr i ts and Tourmakeady 
fossili ferous l imestone represent the subsequent return of 
the sea to th i s  region . 

These are the beds which in the northern section 
were first referred to the Llandeilo. The study of the 
fossils from the Glensaul District, has led Cowper Reed 
to reconsider the question of thei r  age, and in his second 
contribution he refers them to the Arenig or Lower 
Ordovician. 

Bef ore con side r ing the validity of this conclusion , we 
will give a list of the positively identified spec!es from 
these formations, om itting all those that are referred to 
wi th a query or cf.( + = represented by related species.) 

In this l ist the new species are marked with an 
asterisk and the distribution of some of the others else­
where is shown in the later columns. There can be no 
question that thi s  fauna has more a Middle than a Lower 
Ordovician aspect and so we must critically examine Reed's 
reasons for changing his opinion.  He says on page 2 7 1  
of h is  second article ( l H l  O )  "It appears that we must now 
correlate i t  [the fauna] with the Scandinavian equivalent of 
the English Arenig, that is  with the main mass of the 
Orthoceras limestone. "  He especially refers to Ni!eus 
armadit!o as evidence of the earlier age. He compare s  
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Brackiopoda 

1. Camarel la thomson i Dav. 
2. Christiania youngi ana Dav. 
3. Li ngula ovata M'Coy 
4. Orthis cal l igramma Dalm. 
5. Orthis obtusa Pa nder var . 
6. Orthis parva Pander 
7 . Orthi s  simplex M 'Coy 
8. Orthis (Dalmanella) testL!dinar ia (Dalm.) 
9. Orthisi na adscendens Pander 

10. Plectambonites qui nquicostata M'Coy 
1 1 .  Plectambonites sericea Sowerby 
12. Rafinesqui na in1brex semi �� lobosi na Dav. 

* 13. Strepti s  affi nis Cowper-Reed 
14. Strophornen a  antiquata Sowerby 
15. Triplecia spiri f  eroides Portlock 

Trilobita 

(J) ... .., 
ri' ,... 

X 
-

X 
X 

X 
X 
X 
? 

X 
X 
X 

X 
X 
X 

1 .  Agnostus agnosti formis M'Coy x 

X 
X 

X 
X 

X 

? 
X 
X 
X 

*�.  Bathyurellus glensaulensis Cowper-Reed - x 
*3. Cybele connernarica Cowper-Rced x 
*4. Encrinurus octocostatus Cowper- Reed - x 
*5. Illænus wecveri Cowper-Reed x x 

6. Nileus armadi llo Dalman x 
7 . Pliomera benevolens Salter x 
8. Pliomera pseudoarticulata Portlock x x 

*9. Telephus hiber nicus Cowper-Reed X X 
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his spectes with the variety defresstts . Thus he says 
"the presence of Niletts armadillo may be regarded as 
specially important, since this species occurs only in the 
E.x:panszts stage ( B2 b) in the Baltic provinces, although in 
Sweden, it ranges up into the Cystidian limestone and in 
Norway into Etage 4 . 1  But the variety defresszts which 
most resembles o ur form is most particularly characteristic 
of the Expansus stage."  

Reed here uses the older classification of  the Baltic 
sections by F. Schmidt. 2 More recently however, Lamansky3 
has studied these sections in great detail and has given 
us a revised classification. This with its palæogeographic 
significance, I have previonsly d iscussed4 and it will be 
more fully considered below. Here it is sufficient to note 
that the formation designated as E.xpanstts-kalk by Schmidt, 
( Schmidt' s division B2b ) comprises a number of distinct 
horizons, which Lamansky has designated in descending 
order 

1 Both of these d iv i sions are late Midd le Ordovician. 

2 On the S i lurian (and Cambri an ) strata of the Baltic Provi nces 

of Russia as compar ed with those of Scandinavia and the 

Brit i sh Is les by Professor F. Schmidt, St. Petersburg. Quarterly 

Journal of the Geo! .  Soc. of London, Vol .  XXXVI I I ,  1 882, pp. 

514 536 with map. 

3 W. Lamansky. Die iiltesten S ilurischen Schichten Russlands. 

Etage B. Mem. Com. Geol. Russ.  Nouvelle Series,  Livr. 20, 

1905. German resume . pp. 148-203. with plates. Ibid. Neue 

Be itriige .  zur.  Vergleichung des Ost-Balt ischen und Skandina­

vischen U ntersilurs. Centralblatt fi.ir Mi nera]ogie and Paliionto­

logie 1 90, pp. 61 1 - 618.  

4 A. W. Grabau. Comparison of American and European Lower 

Ordovicic Formations.  Bull. Geol. Soc. America . Vol. XXVII, 

pp. 555-622. 1916 (590-601 ) .  
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The last including only the upper part.  It i s  Bill a 

which i s  the true Expan sus li meston e for here Asaphus 
expansus appears for the first time. · Here too Ortkis 
calligramma makes i ts  first appearance in the Bal tic re­
gion , a s  wel l as Illænus esmarki, to which I. weaveri of 
the Iri sh region i s closely rela ted. On the other hand 
Nileus m/madillo var. defressa Sow. belongs to hor izon 

B Il fJ and B Il r, but N. armadillo i tself i s  characteristi c  
of  the true Fxpan sus beds i .  e .  bed s with Asaphus ex­
janszts in  Scan d i n avia .  In thi s  hori zon too 01·thisz'na 
adscendens occurs, both in the Ba l tic  a nd the Scandinavian 
regi on , a species l ikewi se unkn own in  the lower d ivision 
( B Il ) . On the other han d Orthis parva i s characteri stic 
of B Il Lut a variety i s  con fined to B Ill. 

Fin<i.lly , it is i mport an t  to n ote that there is  a pro­
nounced hiatus between B Il and B Ill, marked by the 
progressive off- lapping of the lower divisions and the 
over-lapping of the higher, as clearly brought out by 
Lamansky ' s  studies and shown in h i s  diagram . ( See Text 
Fig. l ) ·  In view of this, we are constrained to retum to 
Reed' s original classif ication of these beds and place them 
again in the M iddle Ordovician, though they may have 
little in common with the typical Llandeilo Beds of Wales, 
representing as they do a very late portion of the Middle 
Ordovician transgression . 

The main period of vulcanicity may still be placed 
in the emergent phase of the Cambrovician i . e, post 
Arenig, pre-Llandeilan . The effusive porphyrys of the 
Tourmakeady District rest on the plane of di sconformity, 
while the intrus ive porphyrys of the Glensaul Distri ct lie 
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in the Arenig portion of the sec.tion . In general then we 

may say that the volcanic activity began in the retreatal 
phase i .  e, the Arenig and continued through the emergent 
phase. Some of it belongs to a later stage, for intrusions 
occur in the Middle Ordovician as well . The fossiliferous 
tuffs however of the Middle Ordovician, may very well 
represent older tuffs reworked by the advancing Middle 
Ordovician Sea.  

In the following table ( B·II ) the fossils of the Cam­
brovician beds of Wales and Ireland recorded in the pre­
cedin g  pagP.s are listed in order ·with their regional and 
zonal distribution. 
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TABLE B-II 

FOSSILS OF THE CAMBROVICIAN BEDS OF 

WALES AND vVESTERN IRELAND 

Cols. I-IO Cambrovician of North Wales 

Co!. I Meantwrog Series of the Upper Cambrian 

Co!. 2 Ffestiniog Series of the Upper Cambrian 
Co!. 3 Dolgelly Series of the Upper Cambrian. 

Co!. 4 Tremadoc Formation of North Wales. 

(For the distribution in the several sub-divisions see 

the text. ) 
Co!. 5 Lower Arenig of North Wales. 

Co!. 6 Dt"dymograptus extensr-ts beds of North Wales. 

6a Llyfnant or Extensus bed of Mount Arenig. 
6b Henllan Volcanic ashes of Mount Arenig 

6c Exten sus beds of Lleyn Peninsula 

Co!. 7 Upper Arenig or Hirundo Beds. 

7a Erwent or Ogygia limestone. Mount Arenig 
7b Filltirgerig or Hirundo Beds of Mount Arenig. 

7 c Portkings beds of Dolgelly 

Co!. 8 Bifidus Beds of North Wales. 

Sa 

8b 
Se 

Co!. 9 

Co!. TO 

Olchfa or Bifidus Beds of Arenig 

Moelyn slates of Do!gelly Beds 

Bifidus or Crogenen Beds of the Dolgelly region . 
St. Tudwal's sandstone. Basal Arenig 

Llanengan mud-stones of Lleyn Peninsula 
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Cols. I I-20 Cambrovician local ities and divisions of S. 
Wa les 

Co!. 1 I Tremadoc of Cærmarthenshirc 

Co!. I 2 Lower Graptolite shales of Cærmarthenshire 

12a Dictyograpttts beds 

12b Tetragraptus beds 

Co! . I 3 Ramsa y Island Beds or Nese1trettts Becls of 

Ramsay Island. 

13a Abercastl e of Pembrokeshire 

l 3b Porthgain Beds of Pembrokeshire 

1 3c O gy gia mar gina ta beds of Cærrnarthenshire 

Lo!. I4 White-Sand-Bay Beds or Didymograptus extensus 
beds. 

14a Trwyn-hwrddyn Creek, White-Sand Bay 

Co!. I 5 Roaduchaf Beds of Ramsa y Island, includes up per 

D. exte11SttS m the lower part and lower D. 
hirttndo in the upper part 

Co!. I6 Didymograptus hz'rztndo Beds of West Cæmar­

thenshire 

Co!. I7 Upper Arenig of Abereiddy Bay. Hick's typical 

Lower Llanvirn 

Co!. I8 Porthhayog Beds of Ramsay Island. Lower 

Llanvirn 

Co!. I9 Lower Abereiddy Trilobite beds. The origin al 

Upper Llandeilo of Hicks. 

Co!. 20 Typical Abereiddy Beds or Lower Llanvim of 

South Wales. 

20a Bifidus beds of W. Cærmarthenshire 
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Cols. 2I-23 Counties Mayo & Galway W. Ireland 

Col. 2 I Mount Partry beds of the Tourmakeady district 

Co. Mayo. D. hirundo zone. 

Co!. 22 Mount Partry beds of Glensa.ul district Upper 
D. exten,sus zone 

Co!. 23 Bed 2f of Glensa.ul section. D. hintndo· zone 

Note: When the letters a, b, c etc . are in italics it 
signifies that both the horizon represented by the 

·column alone and that represented by the letter 

contain that species. Thus in colum 14 the letter 

a (after graptolite species 16) inplies that that 

species is both in no 14 and 14a of the list of 

horizons; whereas a signifies that it is represented 

in 1 4a on ly (cf. graptolite species 6) 
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� ] Hirundo bed of Glensaul l g5;:::;-_,_l _______ _ �] ��1�t_. _P�a�rt�r�y�b_e_d7s _·_o�f�G�l_e _n_s_a_u�J-�--7� ��=-7/ ____________ _ 
_ Mt. P a1·try beds of Tourmakeady l ;:i l 
'" Abereiddy or Hifidus beds ! � i ���---�-�����-�--�-�����---------

·;; Lowei: Abcreiddy irilooite bed 1 � l 
c �-��--���---�� ---���---------�: _P�o_rt�h_-_h_a_o�g�b�e_d�s_·_R_a �n1 �s�·e� y_I_s _I. __ ��! ���7: _______ _ 

.... Hicks typical Abereiddy or typ. L. ! L""" l 
<Il J Llanvirn ! ...... l �-���----���--�------�---------------1-iirundu beds W. Caermarthen ' � 1 

X X f3 � Roarluchaf beds Ramsay lsL i � i 

� "5 White Sand Bay & Trwynhwrddyn Creek beds / ;::!: ! 
-< Ramsay Island beds etc. t � i .l l l 

Lower Graptolite Sh. Caermarthen l � l l .o a l 
Tremadoc of Caermarthen i ;::: i l l l l 
Llangan mudstone Lleyn Peninsula l S l X l l l l 
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The Midland Region of England 

.!Ifa/vern Hzl!s. The section of the Mal vern Hills 
on the border of Hertfordshire and Worcestershire has 
already been given (Vol. I. p. �7. IV.p. II3)· Here the 
Upper Cambrian White-leaved-Oak shales, lie directly 
�pon the Lower Cambrian Hollybush sandstone, the Middle 
Cambrian being entirely cut out either by faulting, or by a 
great disconformity. The lowest bed (I, p. 88) contains only 
the ostracod Polyphema !apworthz" Groom, probably allied 
to Beyrichia angelini Barrande. Associated with this are 
Protospongia fenestrata Salter, Agnostus sp. , Acrotreta? 
sabrt'næ var. ma!vernensis Groom, Kutorgina cingu!ata 
pusil!a Linrs., and Lingulella nicholsoni Callaway, besides 
doubtful plant remains and Foraminifera. The character 
of the contact has already been discussed. (vol . I p. 
90.) 

The lower White-leaved-Oak formation is chiefly a 
basaltic rock, but with 30 to 50 ft. of grits and shales 
interbedded. The succeeding 2 50 ft. of Lower Black 
shales are characterized by Agnos!tts trz'sectus, Peltura 
scarabæoides and Sphaerophtha!mus and represent the 
Upper Dolgelly horizon. This probably makes the under­
lying Po!yphemus Beds, the Lower Dolgelly with the 
Ffestiniog and Maentwrog Beds wholly absent by overlap. 

Sphærophthalmus alatus and Agnostus trisectus con­
tinue into the upper White-leaved-Oak shale, to within 
about one hundred feet of the top. These therefore be­
lang to the Dolgelly type of sedimentation which would 
imply that the Bronsill shales which overlie it and which 
in the upper part carry a Dictyonema fauna represent the 
Tremadoc. Although the lithological phase of the upper 
Lingula flags or Ffestiniog is not developed in this region, 
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it is coneeivable that the lower White-leaved-Oak shales 
represent the upper port i on of this middle part of the 
Upper Cambrian. A comparison of the fauoas of the 
White-leaved-Oak and Bronsil shales shows that with the 
exception of Acrotreta (Brfiggeria) salteri and doubtfully 
Linnarssonia belti the recorded fossils of the two series 
are entirely distinct. They are given in Table C-Il. 
cols 3. 

The Bronsil shales are disconformably succeeded by 
the Mayhill sandstone.l The distance of this section is about 
80 miles slightly north of east of Caermarthen, S. Wales. 

The Comley District. This lies about l mile north­
east of Caer Caradoc in western Shropshire and about 90 
miles north-east of Caerrnarthen in South Wales and 
from 45-f>O miles N.N.W. of the southern Malvern Hills, 
and is of interest in this connection. The Lower Cam­
brian has al ready been described ( Vol. I. p. 90 IV. p. I I6). 
The Protolmus horizon of the Middle Carnbrian has been 
discussed on p. 352 ( 548) and the Acadian or Paradoxi­
des horizons on page 415 et seq. ( 6 I I). 

In his latest paper on this district Cobbold2 gives a 
geological map of the area on the scale of 6 inches to 
the mile, which shows the complicated structure of this 
small patch of country at the eastem base of Caer Cara­
doc. It also shows the distribution of the Upper Cam­
brian Orust·a shales, and the Shineton shales, in the Shoot:­
rough Wood area. Unfortunately, these Upper Cambrian 

1 Groom. Quart. Journ. Geo!. Soc. of London. Vol. LV, p. 144, 
fig. 13, and p. 166. 

2 Edgar S. Cobbold. The Stratigraphy and Geological structures 

of the Cambrian area of Comley, Sh ropsh ire , Quart. Journ. Geo!. 

Soc. of London Vol. LXXXIII, 1927, p. 551-573 with map. 
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beds ( Shoot-rough Road) ( see Text- Fig. l O ,  Vol . l ,  p. 
4 1  9 (IV. 6 I 5)  are seen on ly in fault contact,  with the 
Middle Cambrian or even the Lower Cambrian, if  w e  may 
judge by the map, though they appear to be in discon­
f ormable contact with th e Bzlli?zgse!la beds, which overlie 
the Davidis beds, and are supposed to represent the 
Forchhammeri zone 

The Orusia shales ( Ca )  through a th ickness of some 
5 0 0  ft. probably represent the later Upper Cambrian or 
Dolgel ly. They contain in addition to Orusia lmticularis 
and Acrothele cf. coreacea Linnrs, a number of character­
istic trilobites, among them Parabolina spinulosa ( Wahlen­
berg ) Belte/la sp ? ,  and Phyllocarid carapaces etc . and 
Lingulellas of t!1e ty pe chara c teristic of the Olenus truncatus 
zone of Sweden . 

The Orusia shales are succeeded w i th apparent con­

formi ty by the Shineton shales, of Tremadoc age. These 
in turn are disconformably succeeded by the Hoar Fdge 
grit of the Caradocean. 

The Wrekin District. The Shineton shales have 
been fully described in the Wrek in District of Shropshi re . 
The Wrekin is a dome-shaped hill, rising to a height of 
1 , 3 3 5  ft, and is largely formed of rhyolit ic lavas of pre­
Cambrian ( Uricon i an ) age. It I ies perhaps 1 2  miles N. E. 
of Caer Caradoc and perhaps 9 miles southeast of Shrews­
bury, the county seat of Shropshire. l The Shineton 

1 C. J. Stubblef ied and O. M. B. Bulman .  The Shineton shales 
of the Wrckin, with notes on their development in other parts 
of Shropshire and Hertf ordshire. Quart. Journ. Geol. Soc. of 

London Vol. LXXXIII ,  19�7. pp. 96-146; with plates and map 
and correlation table. 
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shales c rop out on the south and south-east of the W rekin, 
extending for an area of about 9 miles. In this region 
they succeed the Comley sandstone, of Lower Cambrian 
age and although no actual contact has been found it is 
believed that it is everywhere a fault contact. This sup­
position is strengthened by the fact that on ly about l O 
miles to the south, the Orusia shales underlie the Shine­
ton shales, forming with them a part of the Cambrovician 
transgression. The fact that in the Comley district, the 
Middle Cambrian is preserved does not necessari ly imply 
that it must also occur in the Wrekin District, for it may 
have been worn away again before the Upper Cambrian 
transgression, if it was deposited there; so that the Upper 
Cambrian rest directly on the Lower as it apparently does 
in the Malvern H il l s. Moreover, i t  is not impossible that 
even the Upper Cambrian is over-lapped in this secti on 
and that the Shineton ( Tremadoc) rests direct ly upon the 
Old Land surface of Comley sandstone. The total thi ck­
ness of the Shineton in this region was esti mated by 
Callaway, as at least 1 500 ft, but Stubblefield and Bul­
man would make it more than 3 ,000, with the assumption 
that there is no important faulting to increase the appar­
ent thickening. The Shineton shales themselves are dis­
conformably succeeded by the Hoaredge grit (Lower Cara­
docian) or · by Silurian or Carboniferous formations. The 
succession in descending order is as follows. 

( To be Con#ntted) 
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Sectz"mz of the Shineton .Sizales of the Wreking 

Dist1'ict, Shropshire 
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6. Arenaceous Beds. Shales with nodules of crum­

bly sandstone or thin layers of fine-grained blue 

micaceous sandstone which grade into the normal 

shales. Though not more than 5 inches thick, 

they often show false bedding, with casts of 

burrows, up to the size of a three-penny pi ece. 

Fossils are rare, those found are 

A crotreta sabrz"næ 

Lin gule/la ?Zic ho/som· 

Prz"mitz"a sp. 

Bclleropho;z sp. 
Shumardia pusilla ( doubtfully reported ) 

f>. Zone o_f Shumardz"a pusilla. Nnrmally well­

bedded and even colored blue shale, splits readily, 

and sporadically carries cone-in-cone nodules of­

tt"n containing trilobites. Among the fossils 

are 

Asaphellus hom_frayi ( common) 
Shumardia pusilla 

0;-ometo pus py;-us 

Leptop!astus salterz· 

Apatokephalus serratus.f! var. 

Agnostus calvus var. latemar gina/is 

( See Ta ble C-Il, col. 9) 
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4. Brachiopod shale. Somewhat nodular sha.le with 
abnndant cone-in-cone concretions. A characteris­
tic feature is the p resence of lar�e brachiopods 
in the position at right angles to the bedding 
planes. Only 3 species are recorded 

Obo/us quadratus (fairly common) 
Lingulella nz"cholsoni ( common ) 
Acrotreta sabn"næ C common) 
The first of these also occurs in the highest 

levds of the Ctonograptus tencllus zone. 

3. Zone of C!onograptus tenellus. Blue-green b�otchy 
shale and even-coloured shale, sometimes reddish­
purple. Con e-in-cone concretions common at va­
rious levels. The fossils include: 

Clonograptus tenellus and var. calavz"i 

Bryograptus cf. hunnebergensis 

Symphysurus croftii 

Broggeria salteri 

Tomaculum problematz"cum ( fairly common) 
Ag1zostus calvus 

Agnostus callavei 

Eu!oma monile 

C See Ta ble C-Il Col. 7) 
2. The Transz"tz"on Beds. About 45 ft. of shales, 

carrying alternately the fauna! assemblage of 
Clonogra.ptus tenellus and that of Dictyonema 

flabelliforme. 

In addition there are a number of trilobites 
including: 
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Shumardia curta 
Symphysurus croftii 
Euloma monile 
Ho spes c!�no gra p# 
Leptop!astus salteri 

( See further Ta ble C-Il, Col. 6) 
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l. Zone of Dicty01zema flabe!liforme. Bluish green 
shale, frequently mottled with large irregular 
purplish or greenish patches. Cone-in-cone con­
cretions occur occasionally. 

Dz.ctyonema f!abe!!ijorme is the leading 
fossil, but the lower beds have also yielded 
Tomacu!um prob!ema#cum. Among the trilobites 
are Agnostus cal!avez·, Shumardia curta and 

Euloma monile. 

Practically all of these zones are recognized 
in the Dictyonema shales of Sweden and the 
Dz.ctyonema and Ceratopy ge shales and limes tones 
of the Oslo district. For further · cletails see 
the correlation table in Stubblefield and B ulman's 

pa per. 

One further fact is noteworth y. The highest member 
of the Arenaceous Beds of  the Shineton ( Tremadoc) (No 6) 
"affords evidence of a shallowing of the upper Tremadoc 
sea; the absence in this area of any fauna comparable with 
the Apatokepha!us serratus fauna of Scandinavia or with 
the Angelina sedgwicki fauna of Ynyscynhaiarn, is most 
probably connectecl with this change in sedimentation." 
( loe. cit. p. 115). This then seems to mark in this 
region the beginning of the negative or retreatal phase of 
the Cambrovician pulsation. 
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TABLE C-II 

CAMBROVICIAN OF THE MIDLAND REGION 

OF ENGLAND 

Co!s. I-3 Malvent Hi!!s 

Co!. I. Lower White-Leaved-Oak Shales, Poly­
phema beds 

Co!. 2. Middle and Upper White-Leaved-Oak 
Shales; zone of Sphærophthalmus alatus. 

Co!. 3· Bronsil Shales (Tremadoc) 
Co!. 4· Comley district 

Col. 4· Orusz·a shales of Comley 
Cols. 5-IO. Shineton Shales of Shropshire 

fordshire 
Co l. 5· Hor. l. Dz"ctyonema shales 

Co!. 6. Hor. 2. Transition beds 
Col. 7· Hor. 3. Clonograptus tene!lus 
Col. 8. Hor. 4. Brachiopod shales 
Col. 9· Hor. 5. Shumardt'a shales 
Co l. IO. Hor. 6. Arenaceous beds. 
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The Shelve Countr;•, Shropshz"re, England. 

This name is applied to a large oval area of Ordovician 
rocks of apparently dome-like character in the western 

part of Shropshire and close to the Welsh border . On 
the north, west and south it is surrounded by beds of 

Silurian rocks but on the east where they are steeply up­
turned these beds re�t upon Tremadoc ( Shineton ) and 
Cambrian beds, which in turn rest upon the Pre-Cambrian 

rocks of the Long Mynde Hills. These old rocks form a 

belt 6 or 7 miles wide that separates the Shelve area on 
the west from the Comley-Wreking belt of older Palæo­
zoic strata on the east. 

Intruded in the Shelve Ordovician rocks are igneous 
bodies including the famous Corndon Hill lacco1ith,1 and 
intercalated flows. 

The Ordovic ian senes begins with quartzites which 
form the ridge known as the Stiper Stones . 

The succession in descending order is as follows:2 

Section of the Forma#ons of the Shelve District, 

Shropshire 

SuPERFORMATION Silurian, Valen tian ; Pentamerus beds 

( Arenaceous p hase ) 

1 See Grabau Principles of Stratigraphy p. 307 fig. 48 and refer­
ence to original articles p. 321. 

2 W. F. Whittard. The Geology of the Ordovician and Valentian 

rocks of the Shelve Country Shropshire. Proceedings of the 

Geologists Association (London) Vol. 42, 1931 pp. 322-339 
Section and plates 10-11. 
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Hiatu.s and Disconformity 

0RDOVICIAN 

CARADOCIAN 

XI Marrington Stage 
a Whittery Shales 

X Hagley Stage 
c Whittery Volcanic Group 
b Hagley Shales 
a Hagley Vo1canic Group 

IX Aldress Stage 
b. Al dress shales 
a Spywood gri t 

LLANDEILAN 

VIII Rorrington Stage 
a. Rorrington Beds 

VII Meadowtown Stage 
a. Meadowtown Beds 

UPPER LLANVIRNIAN 

VI Betton Stage 
a. Betton Beds 

V Weston Stage 
a. W eston Grits and Flags 

Probable Ht'atus and Disconform#y 

CAMBROVICIAN 

LowER LLANVIRNIAN 

IV Stapeley Stage about 
b. Stapeley Shales 
a. Stapeley Volcanic Group 

Lr.ANVIRNIAN-ARENIGIAN 

Ill Hope Stage 
c. Upper Hope Shales 

181 

900 ft. 

800 ft. 
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b. China-Stones "Ash" 
a. Lower Hope shales 

ARENIGIAN 

Il M ytton Stage 

TREMADOCIAN 

b. M ytton Flags 
4. Tankerville Flags 
3. Shelve Church beds 
2. Ladywell and Snailbeach grit<> & flags 
l. Lord's Hill Beds 

a. Stiperstones quartzites 

Dz"sconformz"ty (?) 

I Habberley Shales 

The characterz"stz"cs of the various divisions are as 
follows : 

The Cambrovicz"an Series 

The Habberley Shales. Flaggy , sandy shales and 
greenish-gray shales, with some sandy beds and containing 
Lingulella nicholsoni Callaway, Orthoceras cf. serz"ceum 
Salter and Asaphellus homfrayi Salter. On the basis of 
the latter Whi ttard would correla te these be ds wi th the 
Shumardz"a pusilla zone of the Shineton shales. 

In an excavation showing the contact between the 
Habberley shales and the overlying Stiperstones, evidence 
of a disconformity between the two was discovered. The 
Habberley shales terminate with a series of micaceous flags 
and shales and these are followed in apparently conformable 
sequence by a three-inch band of conglomerate of a type 
unknown from the Stiperstone quartzite itself. The con­
glomerate is succeeded by a thin band of broken-up shales 
and finally by quartzitic flags, "which on lithological factors 



CALEDONIAN GEOSYNCLINE 133 

are definitely Ordovician in age." (Loe. cit. page 325) 
Whittard continues uThe junction between the Ordovician 
and Cambrian (Tremadocian) should probably be taken at 
the base of the conglomerate and apart from the presence 
of this conglomerate, between rocks known to be of Cam­
brian and Ordovician age, its distinctive appearance and 
general dissimilarity from the usual conglomerate found in 
the Stiperstones quartzite, suggests that it represents a bed 
formed by the encroachment of the Ord0vician Sea, over 
the Cambrian stata, and that it is unconformable [discon­
formable]. The arenaceous nature of the Habberley shales, 
towards their top, and the apparent correspondence in bed­
ding of the Cambrian and the Stiperstones quartzite are 
considered as factors, which have tended to mask the true 
unconformable [disconformablel characters of the Stiperstones 
quartzite." (Loe. eit. p. 325) 

The question here is, are we dealing with a minor or 
a maj or disconformity ? Whittard evidently considers that 
an e.xposure was followed by a renewed transgression of 
the sea, and that there is a considerable faunal break be­
tween the Habberley shales and the lowest fossiliferous 
horizon of the overlying Ordovician. The latter as we shall 
see carries the Ogygz"a selwz"ni fauna followed by the 
Tetragraptus-Didymograptus extensus fauna, in other words, 
the fauna which everywhere marks the basal Arenig beds of 
Wales, wherc as we have seen there is also evidence of 
a slight disconformity, which I have interpreted as marking 
the beginning of the retreatal phase of the Cambrovician 
pulsation, and corresponds to the Diehograptus stage. That 
the effect of the change from transgressive to regressive 
movement was felt in the eastern Shelve District is evident 
by the development of the Stiperstone ridge-forming quartzite, 
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and it may very wdl be due to this initial negative move­
ment, that the features of the disconformity were developed. 
That this negative movement was again followed by a 
moderate advance of the sea is shown by the succeeding 
fossiliferous beds of the Arenig. These, it will be of in­
terest to note, carry a trilobite and brachiopod fauna in the 
lower part, while what appears to be the corresponding beds 
farther west in Wales carry graptolites. As shown by the 
ta ble (D-II) graptolites on ly become abundant in the Upper 
Mytton stage ( Col f)) and after that continue as an im­
portant element of the fauna. This is consistent with the 
supposition of a progressive shoaling of the region, with 
the retrea t of the Arenig Sea. 

The Stiperstom quartz·z"te. This is a well-bedded, 
massive grayish-white or liver-coloured quart.r.ite, with hands 
of conglomerate, and compacted by secondary silicification. 
Pellets of sandy shale are not infrequent and interleaved 
with the quartzite and conglomerates are thin hands of 
greenish-white soapy shales and fucoidal sandy flags. Deep· 
bluish black sandy shales are occasionally developed. The 
resistance of the rock with its steep inclination is responsible 
for the great ridge, known as the «Stiperstones" which 
extends north and south for l O miles. 

Ripple-marks are seen on surfaces of this rock, these 
usually being symmetrical, they have been interpreted as 
indicating wave lengths between 2 and 3 ft. and therefore 
shallow water. The only fossil reported is a fragment of 
a large Calymene. 

Lord's Hill Beds. These form the lowest member 
of· the Mytton flag series, which is the chief mineral-bear­
ing group in this district, having been worked for lead in 
Roman time, later for zinc ores, but at present only for 
barytes. 
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The basal Lord's Hill flags are olive-green ribbed flags 
and grits, often fucoidal and not usually fossiliferous. 

Ladywe!! and Snai! Beach grits and flags. These 
form the second division of the M ytton flag series · and 
consist of blue-black, rusty-weathering· flags and grayish 
flags. They contain chiefly trilobites, brachiopods and mul­
lusks, graptolites being comparatively rare. The fauna is 
given in Col 4 of Table O-Il and the horizon is said to 
represent the lo west part of the Didymo g-raptus extensus 
zone and may represent a part of the Dz'chograptid horizon. 

The Shelve Church Beds. The road section at Shelve 
Church has long been well-known for Arenig graptolites. 

The list of the fauna is given in Co1. 5, where it will be 
seen that we have a sudden increase in the number of the 
graptolites, which are the dominant forms, Tetragraptus 
and Didymog-raptus together with Dictyonema being the 
principal genera. These beds are correlated with the upper 
part of the zone of Didymograptus extemus. 

The Tankervz'!!e F!ags. These flags con ta in a few 
brachiopods and trilobites and in the intercalated shaly beds 
a number of characteristic graptolites including Didy mo­

graptus ht''rundo, to the lower part of which zone they are 
referred. The fauna is given in Co1. 6. The beds are 
traversed by a thin dolerite dike. 

The Hope Stage. In Hope Valley, this shows a nearly 
continuous section of nearly HOO ft. of blue- black shales 
with intercalations of China-stonel ash. Towards the Middle 
of the series, this China-stone ash is very massive. di vid­
ing the Hope shale into two divisions. It is a flinty gray 
rock, believed to be a subaqueous tuff deposit, showing 
banding but containing no fossils. 

1 So-called 'because of its lutaceous texture which gives the rock 
a resemblance to porcelain, or "China-ware" 
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Lower Hope Shales. These are massive, rusty-weather­
ing, blue-black shales, with no important hands of pyro­
clastic material. Cyc!opy ge bz"nodosa is the leading fossil 
but other species also occur. The fauna is given in Col. 
7 and the presence of Didymograptus bifidus indicates 
that it belongs to the Lower Llanvirn division. 

Upper Hope Shales. Simi lar to, but generally more 
fissile than, the 1ower shales. Very fossiliferous at certain 
horizons and wi th intercalated layers of China-stone ash. 
The fauna is given in Col. 8 of the table, from which it 
will be seer. that it is rather markedly distinct from the 
fauna of the lower horizon. Of interest is the presence 
of Bohemian trilobites such as Cyclopyge monophthalmus, 
Acidaspz·s buchi, and representatives of the genus Palæura, 
though the guide fossil is not reported, the assemblage 
still indicates that these beds belong to the Bifidus ,horizon . 

The Stapely Volcanic group . This consists mostly of 
an desitic tuff and ashes, with some hypersthene and augite 
andesite lavas. The tuffs have been thought to be de­

posited in water, because intercalated shales carry graptolites 
and other fossils as shown in Col. 9 of the table. The 
rocks too, have been invaded by massive sills of andesite 
which probably represent volcanic activity, during the period 
of retreat or emergence. A volcanic agglomerate consist­
ing of andesite pebbles, sct in a coarse-grained matrix of 
andesite suggest the neighbourhood of volcanic vents. In 
many sections, the entire series is divided into 3 parts by 
an intermediate shale series. The fossils from the bedded 
pyroclastics of this division are indicated by the letter a 
in Col. 9. When in italics, a indicates that they occur 
both in the shales and in the pyrn-clastics. 

The Stapely Shales. Bluish-gray, rusty weathering soft 
shales with the fauna given in Col. 10. These beds still 
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belong to the Bifidus zone, which thus includes some l 700 
ft. of shales etc. 

I have suggested that between these and the succeed­
ing beds, there may be a disconformity, this suggestion 
heing based wholly on the evidence from other regions which 
indicates a hiatus of greater or less extent, between the 
Middle and Lower Ordovician. As currently understood, 
the Bifidus beds or Lower Llanvirn belong to the Lower 
Ordovician, that is the Deepkill group of Eastern North 
America. On the other hand Didymograptzts murcht'soni is 
characteristic of the Upper Llanvirn, which is referable to 
the Middle Ordovician. This is represented in the Shelve 
District of Shropshire by the Weston and Betton beds, and 
although the zone fossil is only found in the latter series 
the assemblage of species in the former i� such as to 
suggest a reference to the Murchisoni zone. This places 
the di vi ding line in the ta ble between Cols. l O an�i 11, 
and on consulting the table it will be seen that the number 
of fully identified species which cross the line is very small. 
Among graptolitcs, we have only Glyptograptus dentatus 
Brongniart, which is characteristic of the lower zone, but 
also is represented in the higher Murchisoni bed (Col. 
12 ) . Among brachiopods, Lingula attenuata, common in 
the lower beds, is also reported from the W eston or Lower 
Murchisoni series ( Col. 11) and doubtfully from the Middle­
ton beds of the Llandei lo ( Co l. l 3. ) 

On the other hand Stphon.otreta mz'cula McCoy, is 
characteristic of both divisions of the Lower Llanvirn, and 
recurs in the upper part of the Upper Llanvirn and the 
Lower Llandeilo, ( Cols. 12, 13.) 

Among the tri lo bites O gy ginus contdensis Murchison, 
characteristic of the upper Llanvirn and lowcr Llandeilo, 
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also occurs in the Upper Hope shale of the Arenig. 
(Co!. 8.) 

Aside from these four forms however, the faunas are 
entirely distinct and the question may be raised as to a 
possible doubt of the correctness of identification, or hori­
zon of derivation, for the species in question. As will be 
�een there is also a change in lithological character, between 
the Stapely and Weston stages. 

Weston Stage. This coruprises a lower and an upper 
coarse-grained grit separated by bluish flags. The grits 
contain a high percentage of tuffaceous material and there 
is at !east one bed of China-stone ash in the upper grit 
which differs from that in the Hope beds only, in not 
usually being banded. The grits are rarely fossiliferous 
but Ogyginus corndensis, Modiolopsis, Ctmodonta and Belle­
rophon ( Sinuites) bilobatus have been obtained. The fos­
sils of the stage are chiefly found in the Middle flags, 
but graptolites are unknown. They are listed in Col. 1 1 
of the table. 

The Betton Beds. These consist almost entirely of 
micaceous blue-black shales, with the fauna listed in Col. 
12. Here Didymograptus murchz"soni is an abundarit grap­
tolite. 

The Llandeilo Serz"es 

Although this series does not come within the scope 
of the present discussion we may briefly characterize the 
several divisions. whose faunas are given in the ta ble. 

Meadowtown Beds. Blue-black shales and flags, with 
beds of limestones and calcareous flags showing continuous 
transgression of the Middle Ordovician Sea. At the base 
occurs a bed with Ogygiocaris bucki and Basilicus tyrannus. 
The higher beds carry the additional species given in Col. 
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13. The abundance of Diplograptus foh'aceus, suggests 
that this represents the zone of Glyptograptus teretz'usculus. 

Rorrz'ngton Beds. Blue-black shales, often appearing 
sooty. They have been divided in to Nemagraptus beds 
below and Leptograptus beds above. The fauna as a whole 
is given in Col. 14. 

The Caradoc Serz,'es. 
Spy- Wood Grz"ts. These mark an abrupt lithological 

change from the preceding shales but no stratigraphic break 
has been detected. They consist of flaggy calcareous sand­
stones, appearing fossiliferous where decalcified. They are 
interleaved with olive-green-weathering, grayish shales, which 
incr\.!ase upwards and merge into the overlying series. The 
fossils so far described are given in Col. l 5. 

The Aldress Shales. Gray to greenish brown soft 
shales with occasional bands of tuffaceous material. These 
tuffs contain the fauna listed in Col. 16 marked by the 
letter a. From the shales themselves, the other species 
recorded in Col. l 6 have been obtained. These beds in­
dicate the zone of Dz"crano graptus clz'nganz'. 

The Hagley Beds. This is a volcanic group with 2 
sets of a�hes and same lava separated by shales. Each 
volcanic group begins with white acid tuff and then becomes 
normally andesitic. This marks the beginning of the Car­
adocean volcanic activity, which culminated in the Hagley 
volcanic group. This contains tuffs which are aften brec­
ciated and agglomeratic. The Hagley shaies are bluish 
with harder olive-green shales tending to be nodular. The 
shales carry both graptolites and other fossils as shown in 
Col. l 7 of Table D-II. Thesc indicate the base of the 
zone of Pleurograptus Hnearz's or the top of the Dz"crano­
graptus c!t'nganz" zone . 
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Marrington Beds. Bluish·black soft shales, weather­
mg rusty, with the fossils given in Col. 18. 

The highest bed of the Caradocean are apparently 
not f ound in this region nor is there an y evidence of Ash­
gillian beds. This emphasizes the disconformity between 
these higher Ordovician and the succeeding Pentamerus beds 
of the Silurian. In the following table D-II the distribution 
of the faunas is given. 
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The Lake District and the Isle of' Man. 

The Lake District compnses the roughly circular 
mountainous area of ancient graywackes in Cumberland , 
Lancashire and Westmoreland Co unties of Northwest Eng­
land. A northsouth section shows in the center an anti­
clinorium formed by the great Skiddaw slate series, so-called 
from the m ountain of that nam e ( 3054 ft. ) .  This is 
flanked on ei ther side by the Borrowdale volcanic seri es 
which formerly cover ed. it, and this i s  in turn over lain by 
the Con i ston limestone series followed by Si lurian rocks. 
The Skiddaw shales are mainly of Arenig age but in their 
lower portion is included a series of beds r eferable to the 
Tremadoc. What lies below these is n ot known. The 
Bor ro wdale volcanic series, represents the great outpouring 
of lava, after the retreat of the Areni g sea, and p robably 
duri ng the advance of the Lland eilo sea, this sea fin ally 
coverin g  the region in Caradocean ti me. 

To the west the se rocks ap p car in the Isl e of M an, 
though there they seem to be strongly folded and largely 
unfossiliferous. This MANX SERIES, p robably r epresents the 
lower p art of the Skiddaw slates. In the east they are 
again seen in the Crossfell Inlier in the Pennine Range 
in Eastern C umberland. In this In lier, east of the town 
of Appleby , where the range ri ses to a height of 2930 
ft, the strongly folded Skiddaw slates are covered uncon­
formably by the Carbon iferous li mestone series, with the 
great Whinsill intrusion. 

These Ordovici an rocks are always much 
faulted and greatly affected by cleavage. 
intrusive igneous rocks is also seen. 

contorted and 
Alteration by 
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From a study of the graptolites of these sl ates Dr. 
G ertrude Elles , l  was able to subdivide the senes as 
follows. 

Subd·z'vist'on o.f the Skiddaw States. 

SuPERFORMATION. Borrowdale Volcanic Series. 
c UPPER SKIDDAW Sr.ATES. 

2. Milburn slates. L landeiio ? 
l. Ellergill Beds with Diplograjtus and Placo­

paria. Lianvirn 
B MIDDI.E SKIDDAW SI.ATES. 

:3. Upp er Tetragraptus 
2. Die ho graptus Beds. 

l. Lower Tetragraptus 
A LowER SKIDDAW SLATES. 

Beds. Upp er Areni g. 
Middle Arenig 

Beds. Lower Arenig. 

2. Bryograptus beds. Tremadoc 
l . Lower ho ri zons undetermined 

The Lower Skiddaw slates ( A2 ) have fum ished the 
following gr aptolites. 

Bryograptus kjerul.fi 
Bryograptus ramosus var, cumbrensis Elles 
Bryograptus callavei Lapworth 
Clonograptus lene/lus (L innrs. ) 
None of these occur in the Upper or Middle Skiddaw 

but they are all found below the Phyllograptus skiffer in 

Sweden. 

Among the grap tolites of the Middle Skiddaw the 
genera Didymograptus, Phyllograptus and Tetragraptus 
p red ominate, the former with 12 species and varieties, the 

1 Gertrude L. Elles. The graptolite fauna of the Skiddaw slates. 

Quart. Journ. of the Geol. Soc. of London. Vol. LIV, 1898, 
pp. 463-539. 
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2nd with 5, and the 3rd with 7 species and varieties. 
Amon g the se Dz'd ymo graptus bz'.fz'dus passes in to the up per 
Skiddaw slates as does also D. z'ndentus H al l. Dz'dymo­
graptus extensus on the other hand is confined to the 
Middle division. To this are also confined all the sp ecies 
of Phyllograptus and Tetragraptus. The full list is given 
in Table E-li Co1. 14. The Upper Skiddaw shales are 
also characterized by Didymograptus bz'.fidus, which they 
have in common with the Middle, a nd by Dz'dymograptus 
indentus H all and var. nanus, and finally Lryptograptus 
hC'pkt'nsoni Nichol son. 

The remaining 17 species however, are distinct, not 
being known in the lower beds of this region. Several 
however, have been obtained from the Arenig beds of St. 
Da vid's and elsewhere, while several occur in t he upper 
Phyllograptus shales and the higher shales of Sweden. 
Among the latter are Diplograptus teretiusculus (Hisinger) , 
Climacograptus scharenbergi Lapworth, Glossograptus arma­
tus ( Nicholson) and Glossograptus hincksi ( Hop kinson ) . 
These species suggest the possibil ity that a part of the 
series may be of l ater than Arenig age, or at any rate, 
that some Middle Ordovician graptolites have been included 
in some of the reworked volcanic ashes which now have 
the characters of shales. The same

. 
thing is suggested by 

the p resence of Dz'cellograptus mofjatensis Carruthers, 
though this is also recorded from t he Upper Arenig Beds 
of St. Davids. 

As shown in the table of formations the Ellergill Beds 
are referred by M is s  Elles to the Llanvirn and the higher 
Milbum Beds p ossibly to the Llandeilo. Unfortunately the 
thickness and character of this division are not given. 

The Skiddaw slates are succeeded by the Borrowdale 
volcanic group, with a thickness of between 5,000 and 
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6,000 ft. These were called by Sedgwick green slates and 
porphyrys and consist p rincipally of stratified feldsp athic 
ashes, associated with contemporaneous traps. The ash 
beds are mostly cleaved, and in Cumberland and Westmore­
land are known as Green Slates. · The traps on the other 
hand are often porphy ritic.l Nicholson has given a detail­
ed description of the lower portion of this volcanic series 
and in 4 of his 5 sections, he shows the contact of the 
basal trap with the underlying Skiddaw slates. In all of 
these it is represented as an unconformable contact , the 
Skiddaw beds dipping at a very much steeper angle than 
the overlying Borrowdale series. Nicholson gives the angle 
of d.ip of the Skiddaw slates, in the Derwent water section, 
in Borrowd ale as from 40 to 60 degrees, but he does not 
give the dip of the Borrowdale series. As given in his 
section Fig 1, the dip of the Skiddaw shal es is approxi­
mately 600 and that of the Borr owdale group approximate­
ly 400. However, he does not mention this discordance in 
the text and as I have been unable to find any reference 
to it elsewhere, I am in doubt as to this occurrence. lf 
there actually is an unconformity, we woul d have here a 
tectonic disturbance between the Cambrovician and Or dovi­
cian pulsation, that is after the Arenig retreat and before 
the Middle Ordovician readvance. Such inter-pulsation or­
ogeny has not y et been recorded from this horizon in 
western Europe, but by analogy with the later ones, w e  
may well expect its existence. Moreover, as we shall see 
presently, such an orogeny has now been recorded by 

1 Nicholson , Henry Aleyne. Notes on the lower portion of the 

Green slate and porphyries of the Lake District between Ulles­

water and Keswick. Quart. Journ. of Geol. Soc. of London. 

Vol, XXVI, 1870, pp. 590-610, Figs. 1-5. 
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Czamocky, from an even older horizon in the St. C roix 
Mountains of Poland, namely following the M id-Cambrian 
retr eat and so falling into the interval between the Mid­
C ambrian and C ambr ovician p ulsation. 

Hitherto, the emergent phase of the C ambrovician has 
been found to be characterized only by volcanic activity,  but 
if it could be proved that an actual orogenic disturbance 
had taken place, it would help to complete the inter-pulsa­
tion series of orogenic movements so far recognized by 
Stille and others. 

A s  shown most satisfactorily in the Derwent Water in 
Borrowdale, but reap pearing again in the other sections, the 
basal bed of the Borr owdale Series is a massive dark-green 
and fine-grained feldspathic trap, in places rudely columnar, 
hut exhibiting no distinct crystals of any kind. This is 
directly succeeded by a great band of slates and breccias, 
the former being in reality a cleaved feldsp athic breccia, 
some of the beds being so fine-grained as to lose their 
brecci a nature. Some of the coarser rocks however, contain 
numerous angular fragments, from a quar ter of an inch in 
diameter upward s, embedded in the light green feldspathic 
matrix. The fragments in the breccia are very like p ieces 
of Skiddaw slate. There are also some subordinate beds 
of tr ap. 

In general the succession is a similar one in other 
scctions, though variations in the thickness of the member s  
a nd the recurrence of tcap sheets is recognized . So far, 
no fossils have been recorded from the Green Slates of 
the Borrowdale series and it is not impossible that some 
of the Llandeilo types of graptolites were actually obtained 
from these beds, as they were from the volcanic series of 
North Wales. This is recorded from the Crossfell Inlier, 
where dark slates with Didymograptus murchisotti are 
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interstratified with the lower agglomeratel . The Lland eilan 
age of the Borrowdale series is generally accep ted but it 
is also believed that these eruptions continued into the 
Carodocean. 

The Carodocean beds overlie the Borrowdale with ap­
parent concordance, and they mark a return of the sea t o  
this region in Late M iddle Ordovician time. They consist 
of cal ca reous and ashy shales and limestones, with beds of 
volca nic ash and l ayers of rhy olitic lava. The total thick­
ness is very much less than in North \Vaies, but the pro­
portion of limestone is greater. The fossi1s are mostly 
trilobites and brachiopods. They are in turn succeeded 
disconformably by the Ashgillean beds, including p robably 
the Keisley limestone. The Caradocean and Ashgillean 
together have generally been ref erred to in this region as 
the Coniston limestone senes, and they are succeeded by 
Silurian beds. 

According to Marr2 the Tetragraptus beds and the 
overlying Ellergil l Beds contain the grea test number of 
trilobites hitherto discovered in the Skicldaw Sl ates. Marr 
gives a list of the graptolites of these beds, including 
Dz'dymograptus murchisonz', but this is not given by Dr. 
Elles in her list, and she thinks that this is based on the 
misidentification of a large specimen of Dz'dymograptus 
bifidus ( loe. dt p. 467.) Strangely too, Marr cites Phyl­
!ograptus angustifolz'us from these E llergill Beds. 

The list of sp ecies from the Ellergill Beds, is given 
in Col. 3 Table E-11. Those recorded by Marr but not 
by Elles are marked by a vertical cross. 

1 Lake & Rastall. Text book of Gcology 1910, p. 321. 

2 J. E. Marr. Notes on the Skiddaw slates. Geo!. Magazine, 
New Series, Dccade IV. Vol. I, 1894, Pl:'· 122-130. 



154 A. W. GRABAU: CAMBROVICIAN PULSATION 

The Milburn beds represent a series of slates inter­
stratified with volcanic rocks and according to Marr appear 
in the Crossfell area to form passage beds between the 
Skid daw slates and the volcanic series of Borrowd ale. 
Similar beds occur in many places in the Lake d istrict. 
Marr records only Didymograptus murchisont· and Diplo­
graptus dentatus from these beds. If these determinations 
are correct the beds evidently rep resent reworked ashes 
during an early and temporary readvance of the Middle 
Ordovician ( Upper Llanvirn Sea) . 
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The Southern Uplands o.f Scotland 

A belt of Ordovician strata stretches nearly across 
Scotland from nP.ar the Firth of Clyde, to the Lammer­
moor H ills South-east of Edinburgh. These are strongly 
fol ded an d in many cases stand vertically. On the north­
west they are fl anked by erup tive rocks and Old Red 
Sandstone, on th e southeast by Silurian rocks simil arly 
fol ded. In the cores of some of the anticlines of these 
Silurian rocks, the underlying Ordovici an beds are exposed 
as in the famou s Moffat region of Dumfrieshire. This is 
one of t he two well-known localities which have been studied 
in detail , the other being at Girvan and Ballantræ on the 
south-east shores of the Firth of Clyde. A bel t of this rock 
is continued south-westward in Irel and from Belfast Lough to 
the southern p art of County Leitrim, though in this the 
older rock s are as a rule not wel l  exposed. We shall con­
sid er only the Girvan and the Moffat Districts. 

The Gt"rvan Successz·on 

Lapworthl has given us a detailed study of the G!rvan 
rocks. I h ave p reviously given a summary of this section2 .  
The Ordovician succession as given by Lapworth for this 
region is as follows. 

1. Charles Lapworth. The Girvan Succession, Part I, Stratigraphy. 

Quart. Journ. Geol. Soc. of London 1882 Vol. XXXVIII, pp. 

537-666 with 2 Geo!. maps and many sections. Ibid. On the 

Ballantræ rocks of South Scotland and their place in the Upland 

sequence. Geo!. Mag. New Series, Decade Ill, Vol. VI, 1889, pp. 

20-24, 59·69 with sections and correlation table. 

2. A. W. Grabau. Comparison of American and European Ordovicic 

formations. Bull. Geol. Soc. of America . Vol. XXVII, 1916, p. 

575-578. 
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SuPERFORMA'l'ION: Upper Girvan Rocks, Silurian 

Hiatus and Dz'sconformz'ty 

Il. LoWER GmVAN RocKs. Ordovician. 

159 

B. ARDMILLAN SERIES 

d. DRUMMOCK GuouP 
2,500 ft. 

200 ft. 
Dark gray m ud-stones, with 
occasional flaggy hands, with 
Trimtcleus bucklandi and 
Ampyx rostratus. 

C. BARREN FLAG-STONES. 800 ft.  
3. Upper beds. Thick- bed­

ded p ale f lags with inter­
mediary bands of buff­
weathered shales, with 
Dip!ograptus truncatus. 

2. Middle beds. Thick-bed­
ded gray flag-stones, with 
p art ing of green and gra y 
shales. No fossils. 

l. Lower beds. Green shales 
with occasion al flaggy 
bands, with N ematolites 
sp . 

b. WHITE HousE GnouP 300 ft. 
2. Varz'egated mud- stones. 

Red mud-stones, gray, 
green and black shales 
with Dz'onide, Ampyx, 
Asaphus, Aeglina, and 
Dicellograptus complana-

tus. 
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1. Cement Stone Grmtp. 
Strip ed gray shales and 
mud-stones, with cement 
hands ; con tains Lepto­
graptus .flacddus and 
brachiopods. 

a. ARDWELL GttouP 1, 200 ft. 
3. Cascade grits and sha!es. 

Coarse grits with thick 
z ones of strip ed shales 
contains Dice!!o graptus 
.forchhammeri and C!ima­
co graptus caudatus. 

2. Midd!e Ardwel! beds. 
Zones of hard dark slaty 
flags, with seams and 
banks of dark flaggy 
shales, contains Dicrano­
graptus 1'amosus and Dif­
!ograptus rugosus. 

l. K1zockgerra1z shales. Dark 
carbonaceous and pyritous 
shales with occasional 
cement hands ; contains 
Cryptograptus tricornz·s 

and ctimacograptus schar­
enbergi. 

A. BARR SERIES. 
d. BALC'LA'l'CHIE BBDS 

2. Grits and conglomerates 
an d ashy grits and boulder 
conglomerates. 

100 ft. 
850 ft. 
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l. Fossilife1'0US mud-stones. 
Thick zone of nodular 
green shale, highly fossili­
ferous. 

C. BENAN CONGLOMERATE 500 ft. 

Coarse boulder conglomerate, 
matrix sandy or gritty, colour 
usually gray or green. 

b. STINCHAR LJMESTONE GROUP l fiQ ft. 
4. Didymograptus shale.)·. 

Calcareous and nodular 
shales, with Didymog-rap­
tus superstes and Dicello­
graptus sextans. 

3. Compact limestones. Hard, 
compact, flaggy limestones 
non-foss il if erous. 

2. Maclurea beds. Nodular 
limestone, wi th .!Vfaclurea 
logani. 

l. Ortht"s con .finis beds . Im­
pure calcareous beds wi th 
Orth. confinz"s etc. 

a. KIRKLAND coNGLOMERATE l 00 ft. 
2. Transitional sandstones. 

Purple and gray sand­
stones and grits. 

l. Purple boulder conglo­
merates. Boulder conglo­
merate, matrix usually 

161 
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calcareous, colour purple 
red and white. 

Hiatus aud Dz"sconformz"ty 

BALLANTRÆ SERIES. Lower Ordovician 

No lower rocks exposed in this region. 

The age of the Balla ntræ series, wa s  long in doubt, 
because of the great disturbance of the region around 
Ballantræ a nd the fact that higher Ordovician rock had been 
fau lted down into the ma sses of older r ock. Lapworth 
however in 1889, succeeded in elimina ting a ll the later­
formed elements, and to show on the basis of the grap­
tolites, tha t the Balla ntræ rocks pr oper represent the Arenig. 
The following graptolites were obtained by him from these 
rocks with their distribution elsewhere. To these are 
added the bra chiopods obtained by Cowper-Reed. 

The graptolites indica te a typical middle Deepkill 
fauna, that i s  typical Lower Ordovician. 

Cowper-Reedl has described 3 brachiopods from the 
Ba.llantræ ro cks. These are Nos. l O, 11 and 13 of the 
subjoined list. 

The succeeding Barr Series, begins with basal con­
g1o merate, whi ch rests up on the eroded surfa ce of the 
Arenig beds and consists of w orn fragments of these rocks 
a nd vol canics associated with them. It co nta ins p ebbles of 
chert, black shale, la va s and tuff s, together with serpentine, 
gabbro, dolomite and e ven granite. 

The succeeding Stinchar grou p  b egins with beds carry­
ing Orthz"s conjinz"s, Orthis ca!ligramma, O. flabel!u!um 

l F. R. Cowper-Reed. The Ordovician and Silurian Brachiopoda 

of the Girvan District . Transactions of the Royal Society of 
Edinburgh, Vol. LI, Part 4, No. 26, 19 17. 
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Tab]e F-Il 

Fauna of the BaJlantræ Series 

of the Girvan District 

and its distribution 

elsewhere 

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

Graptozoa 
l. Phyllograptus typus Hall 
2. Tetragraptus quadribrachiatus Hall 
3. Tetragraptus bryonoides Hall (= 

T. serra (Brongn.)) 

4. 
5. 

6. 
7. 
8. 
9. 

Tetragraptus f ruticosus Hall 
Tetragraptus bigsbyi Hall (=T. 
similis Hall) 

Didymograptus extensus Hal l  
Didymograptus bifidus Hall 
Caryocaris wrightii Murch. 
Dictyonema sp. 

Braclziopoda 

x x -, x x x x x x 
X X X X X X X X X 

X X X X X X X X X 

X X - X X X X X X 

X X - X X X X - X 

x x x x x x x -x 
X X X X X X X - X 
X X 
X 

10. Lingula crumenoides Reed x 
11. Acrotreta (or Acrothele} sp. x 
12. Obolella sp. x 
13. Paterula balclatchiensis (Davidson} x 
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and Strophomena expansa, then f ollow the Maclcurea beds, 
with M. !ogani which can be correlated with the Black 
Riv er beds (Leray horizon ) of North America and also 
occurs in Bessel's Bay, Arctic America. With it occurs 
Tetradium peacki Nich. and Etheridge, now referred to 
So!enopora compacta ( Billing s) of the Black River and 
Trenton of North America. The succeeding compact lime­
stone contains Saccamz'na and Gz"rvane!!a . 

Finall y the Didymograptus shales, No. 4, contain: 

l. Dz'dymograptus superstes L apworth. 
2. Dice!!ograptus se�tans Hall 
J. C!athrograptus cunei_formz's Lapworth 
4. G!ossograptus hicksi H opki nson 

5. Cryptograptus tricornis Carruthers 
6. Dip!ograptus rugosus Emmons. 

All of these, except No. 4 are known from the 
Normanskil l Beds of North A merica. 

It is thus evident, that the Stinch ar limestone group 
represents late Middle Ordov ician, the sea returning to this 
r egi on in Black River and Normanskill time, thus leaving 
precisely the same hi atus between it and the Ballantræ 
rock, th at is found in Eastern North America, between the 
Normanskill and the Deepkill Series. The signifi cance of 
the higher beds will be discussed in a subsequent cha p ter. 

The Mo_f_fat Dz"strict. 

The Moffat reg i on, which I had the good fortune to 
vtstt in 19 1 O un der the guidance of the late Professor 
Benjamin Peach, presents us with a very monotonous series 
of fine-grained sandstones or graywackes, with interlamin­
ated thin l ayer s of black shales, alm ost identical in appear­
ance and character wi th the Deepkill rocks of Eastern 
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North America. The black shales contain abundant grapto­
lites for which this region is famous, while sume of the 
sandstones contain the remains of Eurypterids, but other 
fossils are rare or absent. Thus, there is here a very 
interesting alternation of river-borne sediments, spread out 
on the river plain, which at irregular in_tervals was inundat­
ed by the sea, leaving the planktonic graptolites and 
probably th e sea weeds, · spread in a thin layer with the 
mud over the surf ace. 

The black colour of the muds is p robably due to the 
decomposing seaweeds as suggested by Lapworth. Thert 
on the retreat of the sea, th e river-borne sands, barren 
except for occasional Eurypterid remains, were again spread 
over the river plain or delta surface. No�thwards, the 
graptolite-bearing beds, merge into unfossiliferous river­
home sands, thus showing the extent of the successive 
marine floodings. After careful plotting of these it has 
been possible to reconstruct a composite river delta on the 
border of the old Palæozoic Sea.l 

The rocks of the Moffat region are subdivided as 
follows in descending order. 

Birkhill Shales. Lower Silurian 

Probable Hiatus and Discotiformt'ty 

Hartfell Shales. Up per Ordovician 
Glenkiln Shales. Middle Ordovician 

l GKABAU, A. W. AND O'CoNNEL M. Were the graptolite shales 

deep or shallow water deposits. Bull. of the Geol. Soc. of 
America. Vol. 28, pp. 959-964. Also GRABAU, A.W. Origin, 
Distribution and mode of Preservation of the Graptolites 

Memoir No. 7, of the Inst it ute of Geology, National Research 

ln,;titute China, 1929, pp. 1-52; GRABAU, A. W. Text of Geology 

Vel. li, p. 351 Fig. 1196 
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Hiatus and Discon.formity 

Ballantræ Beds. Radiolarian cherts, mud-stones and 
volcanic tuffs. 

The Lower beds are the . continuation of the Ballantræ 
beds of the Girvan District. The Glenkiln shales, which 
overlie them, contain Nemagraptus grad!t's, and other 
Llandeilo graptolites, but Didymograptus murchz'soni has 
not been f ound here thus indicating that those beds, present 
further south, are here overlapped. 

The Borders o.f the Highland Boundary Fault. 
One hundred miles northwest from Moffat, lies the 

little village of Aberfoyle, in Stirling County, Scotland. 
The distance is given a cross the strike and if the f o l ds 
were flattened out, the separation between these points 
would be between 300 and 400 miles. Aberfoyle lies 
directly on the great boundary fault, which separates the 
Highland crystallines on the northwest from the Old Red 
Sandstone beds on the southeast. This fault extends in 
almost a straight N. E.-S. W. line across Scotland from coast 
to coast. 

Seventy-five miles N. E. from Aberfoyle along the 
fault, the contact is crossed by the North Esk, this stream 
exposing a good section. 22 miles further in the same 
direction, we reach the shore at Stonehaven, from 12-15 
miles south of Aberdeen, and here another good section is 
shown. The 3 localities mentioned show the presence of 
earl y Palæozoi c rocks between the Boundary f ault and the 
crystallines, and this marks the last known overlapping 
margins of the Cambrovici an advance.I 

1 B. M. Peach and J. Horne. Chapters on the Geol. of Scotland. 

Oxford University. 1930, p. 130 et seq. 
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Aberfoyle, Perthshire. ( Approximate Long, 40 2 0 '  
W, Lat. 5 60 1 0' N. ) The narro�v strip exposed in this 
vicinity, between the border faul� and the Old Red sand­
stone, although on ly 1 00 yards to half a mile in width, 
comprises 2 series, a lower black shale and chert seri es, 
and an upper series, the Margie group. 

The lower series is composed of cherts, cherty shales, black 
and gray shales and mud-stones passing downward into and 
interbedded with spilitic lavas. Fossils have been obtained 
from the gray muddy cherts and cherty shales, the fossili­
ferous band varying from l to 4 inches. The pure cherts 
are rich in Radiolaria . The following fauna has bcen 
obtained. 

RA DIO L A RTA lndeterminate species . 

GR&P'l'OZOA 
Poorly .preserved fragments referable to Diplograptidæ, 

C Trigonograptus or Cryptograptus) and to the Retiol itidæ . 

BRACH IOPODA. Obolus sp. 

Lingulella aff. ferruginea Salter 

Lingulellq, aff. nicholsoni Callaway 

Acrothele maculata Salter 

Acrothele C Redlicltella ) granulata Linnrs. 

Acrothele aff. coreacea CLinrs . ) 

Acrotreta nichol�oni Davidson 

Acrotreta sodatz:s von Seebach 

Acrotreta aff. sabrinæ Callaway 

Siphonotreta · aff. mimla McCoy 

Si'phonotreta aff. scrotica Davidson 
? Schizambon 
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PHYLI.OCARJDA (Lep tostraca) 
1/Iodiolocaris dakynsi Peach 

Oth er forms allied to 

Lingulocaris and to Pe!tocaris 

INCE &TÆ s EDIS Various remains of Ar throp ods etc. 

These fo�si ls are strongly su ggestive of an Upper 
Cambrian or L ower Ord ovician horizon though a few 
br achiop ods. suggest p ossible M i ddle Cambrian. 

"Taking the evidence of the f ossils as a whole, we 
are justified in fix ing the horizon of the Lower or Black 
shale and Chert series as Up per ··· Cambri an or the pas sage 
bed s between the Cambri an a nd Ordovician. " l  

The Upper or Margie Series re::.ts unconformably 
( disconformably ? ) on the Lower series, and i s  composed 
of grits, shales and limestones, with a remarkable breccia 
at the base. This breccia consists of large angular frag­
ments of cherty shales, resembling some of the hands· in 
the underlyi ng series. Other material s in these breccias 
are : Vesicular and altered p al agonite which is most 
abundant. Pieces of spi liti c lava with well preserved felds­
p ar oc cur and quartz ,  p ieces of cherty mud-stone, and shale 
are found. 

This is overlain by the quartziti c grits with fel d spars, 
mica etc. the quartz and feldspar being app arently derived 
from the d isintegr ation of granitic rocks. 

H igher , and separated from these beds by beds of 
serpen tine, with whi ch it is in fault contact, is a crystalline 
limestone, much brecciated and veined with calcite. Th is 

l Jehu, T. H. and Kendal. The Highland border rocks of the 
Aberfoyle Di stri ct . Transactions , Royal Society Edinburgh 

Vol .  LII ,  Part I, 1 91 7, pp. 175, (193-4) 
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Aberfoyle or Upper Dounansl limestone contains pl ates of 
crinoid s, fragments of calcareous algæ and round bodi es 
app arentl y  ref erable to the Foraminifera. 

Though the foss il evidence is unsatisfying the Margie 
Series is bel icved to represent at l east the early Ordo­
Vlctan .  A pparently however, it represents the M id-Ordo­
vician transgr ession, while th e un derlying series represent the 
Cambro vici an ser ies . Both senes are intr uded by igneous 
rock. 

Sectr:on m t he North Esk. This river crosses the 
boundary fau1 t at r ight angles in approximately Long. 2 0  
40 ' W a nd Lat. 5 (50 4 5 '  N .  The Lower Palæozoic rocks 
form a narrow lenti cular str ip, bet ween the H ighl and schist 
on the N. W. and the bound ary faul t that truncates the 
Ol d  Red S andstone, on the S. E. The !argest strip is abo ut 2 0  
miles long and about :1 ;4 of a m ile broad, where it is cu t 
by the North Esk H iver. The 2 di visions, the L ower or 
]asje1· and Green Rock Series and the Upper or Marg-ie 
Series, form a c! os ed anticl ine, the rocks standing more or 
l ess verti cally. The central portion is formed by the dose­
ly folded Lower ser ies and i s  f l anked on either side by the 
M ar gi e  Series, but the contacts in all cases are fault con­
tacts. The contact with the Old Red on the southeast i s  
li kewise a fault an d on the North-·west, the H i ghla nd seri es 
is thrust over th e Margie Seri es at a moderate angle. 
Both series are intruded by igneous rocks. The succession 
in descendi ng order is as fo1 lows. 2 

1 Locality ahout 1 mi le  N. E of AhL·rfoyle,  where the rocks is  
qnarri ed; the corre lation w it h  the Margie l i mestone of other 
sections i s  presumpt ive. 

2 G. Borrow .  On the occurrence of S i lur ian?  rocks in Forfarshi re 
a nd Ki ncard ineshire,  a long t he eastern border of t he H ighla nds. 
Quart. Journ,  of the G eol.  Soc. of London , Vol.  LVII, 190 1 .  p. 
328, et. seq. 
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North Esk Section 

MARGIE SERIES. 

5 . G ray shales 

4 . Pebbly limestone. Len ticular , 
quarried. 

3. Dark carbon aceou s gray, cho­
colate coloured, and white 

1 - 5  ft. thick 

shales abou t 20 ft. 

2. Pebbly grit s, with carbonate 
of · iron cement, becoming 
coarse towards the ba se about 1 20 f t. 

l . G reen conglomerate, local oc-
currence about 30 ft. 

Assumed Hiatus and Dz'sconformity 
]ASPER AND GREEN-ROCK SERIES 

4. Fine grit, with microcl ine 
pebbles 

3 .  Fine shales, alway s  cleaved, 
with a p seudo-cry. stalline aspect. 

2 .  J asper, ( altered radiolarian 
chert ? ) sometimes replaced 
by j aspery phyllite. 6 ft. 

l . G reen rocks, mainly lenticular 
sil ls  of ophitic doler ite , though 
some lava flows may also be 
p resent. ( Upp er part only 
exp osed) 

The total thickness cannot be ascertained because of 
the repeated dose falding of the rocks. No fossil s are 
r ecorded from these strata. 
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Stonehaven.l On the east coast of Scotland at Stone­
heaven, approximately Latitude 560 58'N, a section of 
these rocks is again exposed. Here the gneiss of the 
Highland series is in fault contact with a group of cherts, 
jaspers and black cherty shales, which occur chiefly as 
intercalations between ancient lava flows, which have become 
much sheared and fo1ded. 

These rocks are unconformably overlain by beds of 
Downtonian age, which dip steeply seawards and are trun­
cated into a coastal shelf, partly submerged at high-tide. 
The dark cherty shales have furnished fossils, in which 
Walcott has recognized Obolus (Brog-geria) salteri Hall, 
and slender shells, suggesting Hyolithellus, and a fragment 
of a Phyllopod. A small species of Lingulella may be 
compared to Lingulella nicholsoni. Obolella, Acrotreta, 
Lt"nnarssonia and Siphonotreta, were also identified by Dr. 
Peach and the age of these rocks has been determined as 
most probably Upper Cambrian. 

It is thus apparent that the transgression of the 
Caledonian Sea in Cambrovician time, extended to the pre­
sent southern border of the Scottish Highlands, the line of 
maxtmum advance being approximately marked by the great 
boundary fault of much later date, which separates the 
Highland gneisses from the younger rock series on the 
southeast. From Stonehaven, the line continues into South­
eastern Norway, passing west of the Oslo region and turning 
northward into Jemtland in Sweden, then swinging off south-

1 R. Campbe ll. The Geology of Southeastern Kincardineshire. 
Transactio ns Royal Society Ed inburgh, Vol. XL VIII, Part IV, 
1913, pp. 923 et. seq. 
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eastward to f ollow in a general way, the southern border 
of Finland and thence extending eastward north of the 
present parallel of GOl. We shall next discuss some of 
the important sections along the northern border land. 

SUMMARY OF TIIE BRITISH CAMBROVICIAN 

The Transgressz"ve Series. 

As will be seen from the map Pl III-b, the pro bable 
extent of the Cambrovician transgression in Western Europe 
reached the borderlan'd of the Highland country some small 
distance beyond the present Highla:nd border fault, between 
Aber[ oyle and Stonehaven. Here the Cambrovician series 
is represented only by the highest transgressive portion, 
probably the Cambro-Ordovician passage beds, though in 
some sections, only the Upper Cambrian portion seems to 
ha ve been preserved. These rocks are generally discon­
formably overlain by beds which though they have yielded 
no characteristic index f ossils, nevertheless are judged to 
rcpresent the mid-Ordovician transgression. They are fol­
lowed by Downton ian rocks, which in some ca ses rests 
directly on the lower series. 

If we prolong this line southwestward it skirts the 
northern and western border of Ireland, where the rocks of 
Counties Galway and Mayo in the vicinity of Loch Ness 
previously described, are present. 

Unfortunately the base of the West Irish section is not 
exposed, so it is not possible to say what the lowest beds 
are, nor how far westward the transgressive series extended. 
From the fact however, that the Arenig beds are repre­
sented by the Mount Partrie series, with a thickness of 
1300 ft. or more, it is evident that the old land which 
suppliecl the sediment for these beds must have extended 
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for a great distance further to the west. These beds are 
continental river deposits, often coarse and conglomeratic 
but 'vith graptolite layers above the middle, these repre­
senting the horizon of Didymograptus hirundo i. e. late 
Arenig Beds. Since these beds represent a late stage 
of the retreatal series, the evidence furnishcd by the marining 
of these beds suggests that the previous transgression must 
have been considerably further westward and probably a 
good distance beyond the present western coast of Ireland , 
beyond which extended the unsubmerged old land. As we 
have seen, these beds are disconformably succeeded by 
members of the later Middle Ordovician series i. e. beds 
of Chazyan age. 

The second belt of strata, which parallels the first are 
typically shown in the Girvan and Southern Upland region 
of Scotland. At the best studied locality in the Girvan 
district the Ba11antræ series represent the Cambrovician and 
these as we have shown also belong to the regressive 
series, that is, they represent the Did ymograptus extensus­
Tetragraptus horizon . The transgressive series here is not 
exposed, but as we have seen exi:ended for a long distance 
towards the northwest. 

This belt can be traced south·westward to the Belfast 
Loch and thence in a direct line to County Lei trim not far 
from the central portion of North Ireland. lf we prolong 
this line, we reach the Loch Mask region and it may be 
more correct to regard these two regions as approximately 
representing the same locus of retreat. 

As a matter of fact, when we consider that the Loch 
Mask Arenig Beds, below the disconformity, represent the 
Hirundo zone, whereas the Ballantræ series represents the 
much lower Extensus zone, it might seem as if the former 
belonged to a later stage in the retreat than the latter. 
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But as this takes no account of the possibility of dif­
ferential erosion during the period of emergence, it is 
perhaps safer to consider the two as representing points 
on the same line of retrcat. But it must be noted that 
the transgressive beds of the Irish Ordovician series, belong 
to a lower horizon than do those of the Girvan and Moffat 
region which may be correlated with the American Nor­
manskill. 

The 3rd of our parallel beits passes through the Lake 
District, the Isle of Man and the eastern coastal districts 
of Ireland, where they are exposed in the counties of 
Wicklow and Wexford. 

In the Lake District, the great series of Skiddaw 
slates, form the lowest expo sed rocks and the lowest members 
of these are rcferable to the Tremadoc, carryin g Bryograptus 
and Clo1zograptus. It is of course impossible to say how 
much of the underlying, unexposed series represents Upper 
Cambrian, bnt in view of the fact that the Cambrian trans­
gression extended to the Highland border, it must be evident 
that a considerable portion of Upper Cambrian strata must 
underlie the Tremadoc beds of this region, though the lower 
parts of the Upper Cambrian may be absent by overlap. 

lf we carry this line northeastward parallel to the line 
of maximum transgression (see map Pl. III-b) it would 
pass through the southem provinces of Sweden and it is at 
least possible, that beds comparable to the Swedish Upper 
Cambrian are present in the Lake District. Beds of Cam­
brian age are indicated on the Isle of Man in the Geolo­
gical map of Great Britain. These beds are much meta­
morphosed and little is known of them. In Counties Wicklow 
and Wexford, the strata are much disturbed, and only in a 
small area, in the promontory of Rosslare are they appar­
ently in contact with the pre-Cambrian crystallines. They 
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comprise massive and purpli sh red and green shales, slates, 
grits, quartzites and schists, and apparently attain a thick­
ness of several thousand feet. However, they have so far 
yielded only the str ange markings known as Oldham·ia, and 
numerous burrows and trails of annelids, among them the 
following: 

His#oderma hibernicum 
ArenicoHtes did ymus 
Arem"colites sparsus 
IIaughtonia poecila 

Unless evi dence of marine fossils is found, these beds 
will probably have to be regarded as a Huangho type of 
deposit of the Upp er Cambrian, or possi bly even as Areni g 
beds, which otherwise seem to be largely if not \vholly 
absent, those of Middle Ordovician ( Glenkiln and higher) 
age being the oldest known fossiliferous formations. 

This would of course imply that our beits are not 
parallel as we have assumed, but swing around to the south 
and east in southern Ireland. This however leaves out of 
consideratio•1 the possibi lity that the old pre-Cambrian sea 
floor might have been characterized by marked irregularity, 
nor does it take account of the differential erosion in the 
Cambrovician-Ordovician interval. 

Accepting for the moment the assumption of p ara llel 
beits, out next one evid ently passes through North Wales, 
in the general direction of the Lleyn promontory of Cær­
narvonshire and the Harlech dome of Marionethshire. Here, 
as we have seen, the Upper Cambrian is developed in full 
force, but to a very l arge extent as continental sediments, 
which have suffered repeated submergence and the inclusion 
of f ossiliferous layers . The lower or Mæntwrog series still 
contains a fair number of marine fossils, but the Ffestiniog 



176 A. W. GRABAU: CAMBROVICIAN PULSA TION 

flag-s from 2000 to :3000 ft. in thickness are very largely 
continental dep osits of the Huangho type, with marine beds 
only in the upper 50 ft. This extensive river-spread series 
is followed by a renewed marine series, the Dolgelly and 
Tremadoc beds with a thickness ranging to more than 1,000 
ft, and consisting of more or less fossiliferous shales. This 
may then be regarded as the transgressive deposit and the 
thickness of these deposits is more or less commensurate 
with the Upper Cambrovician sea extension, as ind i cated by 
the outermost shore-line of our map. 

The Retreatal Series. 

Throughout North Wales, the evidence for a discon­
formity between the transgressive series terminating with the 
Tremadoc and the retreatal Arenig, appears to be conclusive. 
In the Tremadoc region itsclf, the basic Ordovician bed is 
a quartzose pea- grit, resting on a slightly rough surface , 
with some shallow erosion pockets in the Garto Hill or 
Upper Tremadoc beds. It is however, impossible to deter­
mine the age of this bed as it is without fossils and 
it may belong to the transgressive series of the Middle 
Ordovician. Elsewhere in this section the Midd le Ord­
ovtctan beds are in fault contact with the next lower 
d ivision of the Tremadoc i. e. the Penmorpha beds. 
Farther west however, in the Criccieth region, a massive 
feld spathic grit overlying the Tre madoc, contains the Mono­
bolina plumbea and Ogygia selwini fauna and therefore 
represents lowest Arenig. In the St. Tudwal's peninsu la 
the di sconformity is pronounce d ,  for there basal Arenig St. 
Tudwal's sandstone rcsts upon the Ffestiniog, both the 
Tremadoc and the Dolgelly being absent. The St. Tudwal's 
is primarily a river deposit with occasional rare graptolite 
intercalations, the horizon being that of Didymograptus 
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extensus. Thus the older Dichograptus beds are absent 
and this has all the appcarance of retreat f ollowed by 
transgression in Arenig time. It can however be explained 
by a rather marked elevation of the Old Land at the begin­
ning of the retreatal period with resultant erosion, cor­
responding to the period of the oldest Arenig, i. e. the 
Dichograptus beds. This is followed by the deposition of 
river-borne sands, through backward aggrading in the Fx. 
tensus epoch, these river beds showing slight marining as 
indicated by the graptolites. The highest beds of this 
section carry Azygograptus lapworthi, a species character­
istic of the Upper Skiddaw s1ates of the Lake district. 
Above this and marking the Ordovician-Cambrovician hiatus 
is an oolitic iron ore, followed in turn by shales with 
Glenkiln or Normankill graptolites. The question of fault­
ing here has been raised to account for the hiatus, but in 
view of the abundant evidence of an inter-pulsation hiatus 
elsewhere, such an explanation is not needed. 

In the Arenig Mountain, the Tremadoc-Arenig dis­
conformity is also recognized and here too the basal s'"ands, 
50-l 00 ft. in thickness and of purely continental origin, 
rest upon the Asaphellus homfrayi beds of the Tremadoc 
and in one section even upon the Peltura beds of the 
Dolgelly. Again the indication is of a retreat followed 
by erosion in Tremadoc, and transgression in Lower Arenig 
time, and the problem here becomes one of the magnitude 
and extent of this hiatus. In other words, is it a local 
feature incidental to the beginning of the retreat due primarily 
to rise of the Old Land, or is it of the value of a 
pulsation? I believe the evidence is against the latter and 
in favour of the former, but it is important that the prob­
lem be more thoroughly studied. 
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Of one thing I think we may feel confident, that it 
is not a hiatus of sufficient magnitude to permit the in­
terpolation of an Ozarkian system, represented in its type 
region by several thousand feet of dolomitic rocks. 

That there was actual marine transgression in addition 
to the slight marining indicated by the graptolite beds is 
shown by the occurrence of fossiliferous beds in the suc­
ceeding Arenig series, especially the Erwent limestone with 
the Ogygia selwini fauna. 

In that section the Arenig is terminated by the 
Didymograptus bzj"id1ts beds, after which begins the great 
volcanic series, which as I view it, marks the emergence 
of the region and which is in turn succeeded by beds with 
Didymograptus murchisom·. D. bifidus and D. murchi­
soni both belong to the dependent or "tuning-fork" grapto­
lites, strikingly distinct from the type of graptolites found 
in the lower beds, and as is well-known, the two series 
together form the Llanvirn division of Hicks. It is indeed 
strange, that these two similar graptolites should be dis­
tributed the one in the lower and the other in the higher 
series, if these two series are separated by a pronounced 
hiatus. And yet there seems to be no escape from this 
when we take into consideration the almost universal evid­
ence for such a hiatus. It might of course be argued that 
the hiatus does not exist in Britain and this might be 
conceded if we could accept the existence of an Atlantic 
Ocean in this period and believe that it was the source of 
the graptolite fauna of these shales. But as we have 
already repeatedly shown, the existence of the Atlantic 
involves so many other difficult questions, that we are no 
nearer a solution of the problem. 

The evidence for the basal Arenig disconformity is 
less pronounced in the Dolgelly region, there being no 
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physical features to indicate it except the abrupt change 
from the Tremadoc shale to the sandy grits and fJags of 
the Arenig. As usual these basal grits are continental sedi­
ments from 150-200 ft. in thickness and they are readily 
interpretcd as the first sedimentation effect of the change 
from transgression to regression, with possible elevation of 
the Old Land. Here the evidence for volcanicity is found 
in the immediately overlying beds, some of the shales of 
which carry graptolites indicating D-idymograptus hz"rundo 
succeeded by the Dz"d ymo graptus bzfidus zones. These 
shales, ashes aud minor rhyolitic flows comprise a thickness 
of some 1500 ft. and are followed by the great Basic 
Volcanic Series, which marks the interval of exposure between 
the Cambrovician and Orclovician. The beds immediately 
overlying the lava belong apparently high in the Llandeilo 
series thus making the hiatus a very pronounced one. 

In South Wales, the Tremadoc is mostly cut out by 
faulting, beds formerly regarded by Hicks as of that age, 
now being referred to the Arenig. They have however, 
been found in the neighbourhood of Caermarthen, where they 
are characterized by Parabolinella, Peltura and Ogyg-ia 
mar gz"nata. This last species again occurs in the succeed­
ing Arenig beds, associated with Pltyllograptus cf. angusti­
folius etc. This suggests that the basal Arenig discon­
formity does not occur here. As a rule, the Arenig beds 
of South Wales are dominantly shales, while graptolites of 
the genera Callograptus, Dendrograptus, Tetragraptus and 
Didymograptus characterize the Iower graptolite beds. These 
are more generally spoken of as Tetragraptus beds, and 
probably represent the zone of D-idymograptus extensus. 
The Dichograptus zone is apparently unrepresented by fos­
siliferous strata, as in North Wales, or else represented by 
trilobite-bearing beds with Ogygia marg·inata, Calymene, 
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Asaphus etc. Both the zones of Didymograptus hirundo 
and D. bij'idus are represented, some beds of the latter 
being also characterized by trilobites, with P!acoparz·a cam­
briensis Hicks as the leading form. ( Placoparia fauna ) . 

The Middle Ordovician throughout this section begins 
with beds carrying Didymograptus murchison·i, and while 
this is very generally in direct contact with the Bifidus 
beds, so that the hiatus, if it exists, is masked, the two 
series in some sections are separated by the ash beds and 
rhyolite flows of the Llanrian volcanic series, which may 
reach a thickness of nOO ft. The higher graptolite fauna 
with D. murchisom· is also found in the reworked volcanic 
ashes. 

If we draw the line from South Wales parallel to thos� 
previously referred to, it passes through the Shelve and 
Wreking Districts of Shropshire. 

In this region the Upper Cambrian is represcnted by 
the Orusia shales, about 500 ft. thick which rests with a 
pronounced disconformity on the Middle Cambrian Paradoxi­
des shales. These are succeeded with apparent conformity 
by the Shineton Shales, with an estimated thickness of 
probably 3000 ft. This series is richly fossiliferous with 
Dictyonema and trilobites in the lower beds, C!onograptus, 
Bryograptus and trilobites in the middle and brachiopods 
and trilobites in the upper. The highest beds are are­
naceous, and in the W rek in and Comley exposures are 
succeeded disconformably by beds of Caradocian age. This 
signifies either an early Arenig retreat or what is more 
likely a doming and pronounced erosion with the removal 
of all the Arenig beds, this region continuing as land into 
Caradocean time. 

-:fhe Arenig Beds are well-preserved less than 5 miles 
farther to the west in the Shelve country. Here the basal 
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Arenig quartzites, the Stiperstones, are in abrupt contact with 
the sandy shales of the Upper Tremadoc and the existence 
of a disconformity is suggested. The succeeding beds how­
ever, are characterized by trilobites and brachiopods while 
graptolites become more characteristic of the higher Arenig 
beds, concomitantly with the progress of the retreat of the 
sea. The upper beds of the Cambrovician series, that is 
the Didymog-raptzts bifidus beds, include volcanic ashes and 
some lava flows, but no pronounced volcanic series marks 
the dividing line between the Upper and Lower Llanvirn. 
There are however, ash beds of the uChina-stone" type in 
the \Vcston grits, which appear to be referable to the higher 
series, though Did ymo graptus murchisoni does not occur 
below the next succeeding shales, the Betton Beds. If the 
hiatus exist hcre between the highcr and lower division, it 
is scarely marked physically, though there is a significant 
change in fauna. 

Finally it may be noted that in the Malvern Hills sec­
tion, the Upper Cambrian rests disconformably upon the 
Lower, the Middle being entirely absent. The Upper 
Cambrian Beds are followed conformably by Tremadoc 
slates, these in turn being disconformably succeeded by the 
Mayhill so.ndstone of Silurian age. 

TnE CAMBROVICIAN oF NEwFoUNDLAND AND EAST CANADA 

Newfoundland. 

The Middle Cambrian bed of South-eastern Newfound­
land have been described on pages 426 to 444 in Vol. I 
(Vol. Iv� p. 622-640 )· These beds are disconformably 

succeeded by shales and sandy beds ranging from the Upper 
Cambrian to the Lower Ordovician and possibly higher. 
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The succession of these later beds is according to Howellt 
as follows: 
CAMBROVICIAN. 

ARENIGIAN 
7. LINGULA FRASE RI BEDS 

Black shales, sometimes phosphatic, con-
ta in, 
Lz"ngu!a frasert" 
Schizccrania striata 

These beds may possibly be of Middle 
Ordovician age. 

6. vV ABANA SERIES. 
Black and gray shales, sometimes phos­

phatic and pyritiferous, gray sandstones and 
red oolitic hematites. Contains the follow­
mg 
S ynhoma!onotus chamber sz" 
Hemz"gyraspz·s cantleyi 
Lz"ngu!a !eseuri 
Schizocrania hayesi 
Didymograptus nitz"dus 

These beds are referred to the Middle 
and Upper Arenig. 

5. BELJ. IsLAND SERIES. 
Brown and gra y sandstones and shales , 

white sandstone and, at the top, red oolitic 
hematite. The following fossils have been 
obtained. 
Obo!us burrowsi 

1 B. F. Howell. The Cambrian-Ordovician Stratigraphic column 
in south-eastern Newfoundla nd. The Canadian Field Naturalist 

Vol. XL, No. 3, pp. 52-57, I926? 
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Sphærobolus ji'mbriatus 
Lz'ngulobolus. afjinis 
Lingula hawkei 
Lingula murrayi 
Lingula howleyi 
Lingulella bzthngsz' 
Lz'ngulella bel/a 

183 

(These beds are referred to the Lower 
Arenig. ) 

TREMADOCIAN. 
4. CLARENVILI.E SERIES . 

Gray and brown shales, with a sandy 
limestone near the top in at !east one locality. 
The following species have been obtained. 
Shumardia sp. 
Princetonz'a terranovz'ca 
Parabohna harrz'eta 
Niobe howelli 
Bellerophon randomi 
Bryograptus sp. 

( These beds are correlated with the 
Tremadoc and possibly older beds of western 
Europe. ) 

u PPER CAMBRIAN 
3. 0RUSIA LENTICULARIS BEDS. 

Black and brown shales and thin sand­
stones with 
Orusia lenticul a ris. 

2. ELI.IOT Co vE SERIES. 
b. Olenus zone. Black shales and 

thin gray sandstone with Olenus 
and Agnostus pisiformis obesus 
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a. Agnostus pisiformis zone. Dark 
shales with Agnostus pisijormis. 

l. BASAL BEDS. 
Dark sandy shales, with no fossils, 

Hiatus and Disconformity 

SUBFORMATION. 
MmDLE CAMBRIAN Paradoxides davidis beds. 
The character of the basal beds (No. l) has already 

been descriLed on p. 426 of Vol. I. As there stated 
Walcott considered the highest bed of Howell's Pardoxides 
davidis zone, that is Bed 125, as a basal conglomerate 
and with this he begins the Upper Cambrian. Howell's 
objections to this were also given. He thinks that part 
of the shales which lie between the Paradoxz"des Beds and 
the Agnostus pisiformis beds, and which have a thickness 
of about :30 ft. may prove to belong to the Paradoxides 
forchhammeri zone, in which case the Upper Cambrian 
would begin with the Agnostus pisif01 mis zone of the 
Elliot Cove series. 

The total thickness of the Cambrian and Lower Ordo­
vician Beds of the Conception Bay region of Newfoundland, 
has been estimated by the late Professor van Ingen at 
about l 0.000 ft. Since the known Middle and Lower 
Cambrian of this section totals barely 400 ft., (:-l96 ft.), 
this would leave a thickness of approximately 9,600 ft. for 
the Cambrovician, an enormous development when compared 
with that of western Europe where, moreover, the beds are 
so largely rcpresented by. sandstones. It is of course pos­
sible that the thickness of the series in Conception Bay is 
overestimated, owing to the existence of unrecognized 
faults, but even so, it is probably very great. 

This is easily understood, when we consider this sec-
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tion, on the geographic basis of a Pangæa (see Pl. Ill), 
when it would hold the same re1ation to the Old Land as 
the formations of Wales and North England, but as an 
Atlantic border deposit, the thickness seems excessive. 
That the fauna of these beds is intimately related to the 
corresponding fauna in Western Europe is as apparent as 
is the dose relationship between the Middle and Lower 
Cam brian f aunas of the two regions and there can be no 
question that they belong to the same palæogeographic 
province. 

The Agnostus piszj"ormis zone has its counterpart in 
the Scandinavian region, as has also the Agnostus pisi­
formi.f obesus zone. The Orusia lenticu!aris zone No. 3, 
characterizes the Upper Cambrian of the Shropshire sec­
tions and the Dolgelly Beds of Wales and the several zones 
of the Furopean Tremadoc are equally indicated in the 
Claronville Series. The higher beds likewise show very 
dose faunal relations, to the equivalents of Western Europe. 

Cambrovician Beds of Ne-dl Brunswick. 

The Cambrovician beds as exposed within a radius of 
20 miles of St. John New Brunswick, comprise the following 
according to Matthew in descending order: 
SUPERFORMATION 

Silurian or younger. 
Hiatus and Disconformity or unconformity 

CAMBROV ICIAN 
Bretonian of Matthew ( Division 3 of St. 

John Group ) 700 ft. 
3e? Gray sandstone with Lep!obolus grandis 
3d. Fine black shales with Tetragraptus qua­

dribrachiatus, Didymograptus, Parabolinella, 
and Cyclognathus. 
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( :3d and 3e represent the European Arenig. ) 
3c. Fine black shales 

3c2 Beds with Asaphellus, Parabo!t"nella, 
Triarthrus and Be!lerophon. 

3c l Beds with D·z"ctyonema jlabelliforme 
Monobolina, Schizambon and Acrotreta. 
(Di vis ion Be can be correlated with the 
Tremadoc of Western Britain ) 

3b. Fine black shales with Peltura scarabæoides ,  
Sphaerophtha!mus, Leptoplastus and Cte,no­
pyge. 

3a. Dark gray shales, with Parabolina spz"nulosa, 
Agnostus, Anomocare an d Orthoid brachio­
pods. 
(Divisions 3a and 3b are correlated with 
the Dolgelly of Wales. ) 

J ohannz"an of Matthew ( Division 2 of the St. 
John Group) 750 ft. 
2c. Gray shales and flags with Lingu!ella radula. 
2b. Gray flags and sandstone, with Lingulella 

starr i. 
2a. Gray flags and slates with worm burrows etc. 
( These beds pro babl y represent only a part of 
the Ffestiniog) 

Hiatus and Dz"sconform z"ty 

SunFORMATION. Middle C1. mbrian Dorypyge beds. 

Though the lower beds of the Johann ian are f requently 
placed in the Middle Cambrian, and regarded as represent­
ing the F orchha mmeri zo ne, this is due to the non-recogni ti on 
of the hiatus, which cuts out not only the upper part of 
the Middle Cambrian but also the lower part of the U pper 
Cambrian ( See Vol. l, p. 425 ( S.Q. Vol. IV, p. 62 I)) 
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Camb1·ovician Beds o.f Cape Breton 

In this region the Cambr<?vician beds are more fully 
cleveloped and are also more fossiliferous than in the St. 
John region. The Johannian beds consist of micaceous 
gray slates, flagstones and quartzites, which are iron-bear­
ing in the My ra Valley. 

The Lower beds 2a, which are unfossiliferous in the 
St. John region here contain Lingulepis exigua. These as 
well as Divisions 2b and 2c were originally referre d by 
Walcott to the Middle Cambrian representing the Forch­
hammeri and higher zones. As such their fauna has been 
included i n  Col's 12, 13 and 14 of Table M. Vol. I, pp. 
427-435. But it i s  far more probable that these beds 
represent at le ast part of the Ffestiniog Di vision of the 
British Upper Cambrian and their fauna i s  again gi ven i n  
Cols 1-3 Table G-IL 

The Bretonian Divisimz ( 3) of Cape Breton consists 
of dark gray to black carbonaceous shales aften changed 
to slates. Intercalated within them are a few thin se ams 
and lentils of dark limestones and some thin flags. Di vi­
sion 3a and 3b are referable to the Dolgelly. The fauna 
of these are given in Cols. 4 and 5 respectively. Division 
3c1 and 3c2 probably represent the Tremadoc and thesc are 
given in Cols. 6 and 1 of Table G-Il. Division 3d, where 
developed, carries Tetragraptus and Didymograptus and i s  
referable to the Arenig. In Table G-Il, the faunas of the 
several Cambrovician divisions of Cape Breton, New Bruns­
wick and Eastern Newfoundland are gi ven. 
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TABLE G-II 

CAMBROVICIAN FAUNA OF TIIE MARITIME 

PROVINCES OF CANADA AND 

EASTERN NEW.FOUNDLAND. 

Cols. 1-8. Cambrovician Beds of Cape Breton. 
Co!. I. Division 2a of the Johannian. 
Col. 2. Division 2b of the Johannian. 
Col. 3· Division 2c of the Johannian. 
Col. 4· Division 3a of the Bretonian, Parabolina zone 

of the Dolgelly. 

Col. 5· Division 3b of the Bretonian Peltura zone of 
the Dolgelly. 

Col. 6. 

Col. 7· 

Col. 8. 
Cols. 

Co!. 9· 
Col. IO. 
Col. II. 
Col. I2. 

Division 3c1 of the Bretonian Dictyonema zone 
of the T remadoc. 
Division 3c2 of the Bretonian Asaphellus zone 

of the Tremadoc. 
Division 3d of Matthew. The Arenig Beds. 

9-1 7 Cambrovician Beds of New Brunswick. 
Division 2a of the Johannian ( compare Col. l ) 
Division 2b of the Johannian ( compare Col. 2) 
Division 2c of the Johannian ( compare Col. 3) 
Division 3a of the Bretonian. Lower Dolgelly 

(cf. Col. 4) 
Co!. I 3· Division 3b of the Brctonian of New Bruns-

wick (cf. Col. 5) 
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Co!. I 4· Division 3c1 of the Bretonian of New Bruns­
wick. Dictyomena zone of the Tremadoc (cf. 
Col. 6.) 

Co!. I5. Division 3c2 of the Bretonian of New Bruns­
wick. Asphellus zone of the Tremaåoc (cf. 
Col. 7.) 

Co!. I6. Division 3d of New Brunswick. Tetragraptus 

beds of the Arenig (cf. Col. 8.) 
Co!. I7. Division 3e of the Bretonian of New Brunswick. 

Leptobolus bed of the Arenig. 
Cols. 18 to 24 Cambrovician beds of South-Eastern 

Newfoundland. 
Co!. I8. Division 2a of the Elliot Cove Series, Agnostus 

pisiformis zone. 
Co!. I9. Division 2b of the Elliot Cove Series. Olenus 

zone. 
Co!. 20. Division 3 Orusia beds: 
Co!. 2I. Division 4 Clarenville Series. T rem:tdocian. 
Co!. 22. Division 5 Bell Island Series, Lower Arenig. 

Co!. 23. Division 6 Wabana Series. Middle and Upper 

Arenig. 
Co!. 24. Division 7. Lingula fraseri zone. 
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TuE BALTIC REGION 
In the lands bordering the Baltic, and its extension, the 

Gulf of Finland we meet with a variant in the character of 
both the Upper Cambrian and the Ordovician deposits. 
The latter especially are represented by more pronounced 
calcareons facies. The region induded here embraces, be­
sides a number of minor localities, the Oslo or Kristiania 
Gra ben the southern half (at least ) of Sweden, and the 
Esthonian and Russian border lands of the Gulf of Finland. 
Despitc the fact, that the Upper Cambrian formations are 
typically developed in Sweden and practically absent in the 
Russian region, the latter must be regarded as the key to 
the stratigraphy of the Baitic region, for not only have we 
here the most complete deveJopment of the Ordovician 
series in calcareous facies but it is one of the most care­
fully stud i ed of the European sections. The earl y wor k of 
the academician F. Schmidt is recogni zed as a classic, but 
it is to the more recent work of W. Lamansky,l that we 
are indebted for a clear understanding of the true strati­
graphic relation of this region. Lamansky has treated this 
district not only palæontologically, but has gane into the 
details of the lithology and stratigraphic relations of the 
formations, and has clearly recognized their bearing on the 
palæogeographic history of the region. As a result, we 
have for the first time, a clear stratigraphic view of the 
real significance of the long-known ·•Orthoceras Limestone" 

1 W. Lamansky. Die Aeltesten Siluri,;chen Schichten Russlands 

Memoire du Comite Geol. Nouvelle Series, Livr. 20, 1905. 

·German Text p. 148-203, Pls 1-2. 

Ibid. Neue Beitrii.ge zur Vergleichung des Ost-Raltischen und 

Skandinavischen Unter-Silurs. Centralblatt fur Mincralogie Geo­

logie und Palæontogie, 1901, pp. 611-618, with correlation table. 
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of the entire Baltic region, and of the all important fact 
that this apparent lithologic unit really encloses a pro­
nounced hiatus of varying magnitude in its different mani­
festations. It is perhaps unfortunate, that Lamansky gave 
unqualified adherence to the old doctrine of the deep water 
origin of the graptolite shales, a doctrine which had not 
been questioned at the time of his researches, but which, 

if he hacl carefully considerecl it in the light of his field 
studies, would no doubt have led him to question its 
validity, and might have given him a more complete un­
derstanding of the facts and a more accurate interpretation 
of the sequence of cvents. 

Von Huene too, studied this region in company with 
Lamansky in 1889, and in the following year examined 
some of the important Swedish and Nonvegian sections. 
He too recognized the gaps in the series, and his deduc­
tions apparently received the approval of F. Schmidt. His 
paper appeared in 19041. 

My own studies of some Swedish sections . were made 
in l 91 O in connection with the excursion of the 11th. 
International Geological Congress, but not published until 
1 �l 6. We shall begin with the Esthonian region, return­
ing later to the Swedish sections . 

The .Esthonian-Russian Sections 

The Cambrovz'cian base. Over much of this region 
the Cambrovician transgression is marked by a basa l sand­
stone, which carries complete shells as well as fragments 
of the brachiopod Obolus apollinus Eichwald, on which 

1 F. v. Huene (in Tubingen). Geologische Notizen aus Oeland 

und Dalarne, sowie uber eine Meduse aus dem Untersilur. 

Central-Blatt fur Mineralogie etc. 1904, pp. 450-461, with 6 

text figs. 
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account, this rock is generally known as the Obolus or 
Ungulitel sandstone. In the region under consideration, 
this rests on the eroded surface of the Fucoid Sandstone 
( Mickwitzia Sandstone ) of Lower Cambrian age, to which 
reference has been made in an earlier part of this work 
(Vol. I, page 98, IV, I 26 )· Elsewhere, as in Sweden, 
this rock is represented by a conglomerate the Obolus 
conglomerate, which in Dalarne lies directly on the old 
granite, but in Oeland on various members of the Middle 
Cambrian, fragments of which it includes. Obolus apollinus 
is generally found in the cementing limestones, which in 
some sections also include Dictyonema flabelli:forme, Agnos­
tus pisiformz·s and Olenus as at Griinicken on Oeland 
( See below ) . 

The conglomerate also sometimes includes beds carry­
ing Agnostus pz·szj'ormis. In the section given by von 
Huene, at Aeleklinte on Oeland, the beds of the Para­
doxides tessz"ni horizon are followed by about 0.5 meters of 
dark f erruginous and arenaceous limestone, upon which in 
turn rests 1.5 m of Olenus shale. This is followed by 20 

c.m. of greenish black glauconite sand, with concretions 
containing Orthis, which apparently represents the Obolus 
conglomerate. This is in turn succeeded by the Ceratopy ge 
limestone. 

The intimate association of the Dictyonema shale and 
the Obolus sandstone or conglomerate, indicates that they 
form a part of the same transgression. Lamansky however, 
falls into the error of believing this to be a marked sub­
mergence of the region. In discussing the relationship of 
the Dictyonema shale and the Ungulite or Obolus sandstone, 

l From the resemblance of the interior impres�ions to that of an 

ungulate hoof. 
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Scupinl brings out evidence for their near shore ongtn. 
Beginn ing with the Lower Cambrian blue c lay he says : 
u The blue ela y grades through a seri es of alternate depos­

its, into the Eophyton depos its, and later the Fucoidal 
sandstones. The appearance of casts of medusa-mouths, 
clearly indicate a temporary exposure, consequently a nega­
tive strand di splacement, which is apparently continued in 
the Fucoidal sandstones in the formation of which the wind 
has already played a certain role. This interpretation 
would fit in well, with that of F. Schmidt who holds that 
there exists a break in  sedi men tati on, between the Fucoi dal 
sandstone and the overlying Ungulite sandstone . . . . . . . . . • . . •  

Especially in view of the existence of pebbles of the 
Fucoidal in the Ungulite sandstones, i t  appears that the 
Ungulite or Obolus sandstone ind i cates again a slight posi­
ti ve strand displacement." 

"The accumulation in irregular masses especi ally of 
the upper part of thi s formation, gives entirely the impres­

s ion of a strand formation, a deposit between ebb and 
flood tide. Noteworthy moreover, is the frequently observ­
able crossbedding. The pro1onged exposure i s  therefore 
followed by short periodic ones, which precede the forma­
ti on of Dictyonema shales. That thi s shale can conse­
quently not be a deep sea or even a deep water deposi t, 
would therefore seem to appear from the sequence of 
development . Such a rapid subsidence of the land, which 
would have to be assumed [i f the Dictyonema shales were 
deep-water deposits] cannot be considered under any ci r­
cnmstances. Moreover, the fact that the Dictyonema shale, 

l Hans Scupin. Ist der Dictyonem't-Schiefer eine Tieffsee­

ablagerung? Zeitschrift der Deutschen Geologischen Gesellschaft, 

Vol. LXXIII. Monatsberichte 1921, pp. 153-155, 1922. 
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which in the west, reaches a thickness of 7 meters, wedges 
out eastward, having already disappeared at Narva, shows 
sufficiently the character of the deposits. 

••Here the coastal deposits of the Ungulite sandstone 
lie in the same niveau as the D-ictyonema shale, and are 
covered by the Silurian [Ordovician] glauconite sancls and 
limestones. Of special significance however is the fact 
that already in the Obolus sandstone there are intercala­
tions, -i. e. lenses, of a bituminous shale, which from the 
point of view of sediment petrography is already Dz'c­
t;,onema shale, and must have been due to the same con­
ditions of deposition as the overlying principal mass of 
this shale." Scupin here gives essentially the interpreta­
tion of the origin of the graptolite shale, which we had 
published 5 years previously with reference to the grapto­
lite shales of the Ordovician and Silurian, namely tha t 
they are flat low coastal regions, teJllporarily flooded by 
a slight rising of the sea-leve], and the floating-in of the 
planktonic organ i sms, which are left stranded after the 
retreat of the sea. Scupin sums up the evidence bearing 
on the D-ictyonema shale in the f ollowing words ( trans­
lated): 

«How then was the graptolite shale formed? It is 
a veritable �apropelite lFaulschlammablagenmg] of the trans­
gressing sea, which was dammed up behind the dunes of 
the Obolus sandstone, there becoming stagnant. vVhether 
the content of bituminous matter is due to the Dictyonema 
itself, is so far an undetermined matter. Whatever or­
ganic remains were washed in perished and decayed. 
Perhaps there were great masses of seaweeds, similar to 
those of the Sargasso Sea, which together with the Dic­
tyonema drifted about . . . . . •  Minor floodings already occurred 
in the period of deposition of the Obolus sandstone, of 
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which the bituminous shale in its lower part appears to 
b e  a suhordinate facies ......... " (loe. dt. ) . 

The Dictyonema shale is designated A3 in the 
nomenclature adopted by the Russian geologists. It ranges 
in thickness from 4.40 meters to 0.40 m. and in onc place 
is even absent. The Obolus sand ston e designated A2 is 
always present beneath it, and where the shale itself is 
a bs ent , the lowest member of the next d i vision Bl lies 
direct1y npon it. 

Throughout the Baltic region, the Dictyonema shale , 
or in its absence the Obolus sandstones ar e succeedecl by 
beds cquivalent to the Lower Arenig of Great Britain. 
This series is cl es ig n ated by Lamansky BI and it is 
conf ormably sncceeded by his division BI I. In the older 
designation of F. Schmidt, Bl, ( Glauconite sand ) is used 
for the lower part only of the group designated BI by 
Lamansky, the remainder together with Lamansky's Bli, 
and the lower part of Lamansky 's Bill are included by 
Schmidt in his B2 z'. e. his Glaucom:te !imestone. This he 
divides into the lower B2a, or Plani!imbata limestone 
in the higher B2b, Expansus limestone. 

The true Expansus limestone is however only the 
upper part of this as shown by Lamansky who designates 
it Bill a., while the lower part of Schmidt's Expansus 
limestone (his B2b) includes Lamansky's Bli r and the 

upper part of Bli (3. It is th us evident tha t the alphabe­
tical and numerical designations of formation's is con­
fusing while the palæontological designation used for various 
subdivisions is not much better, and it is highly desirable 
to have geographical terms for the designation of these 
formations. 

Marcou has used the name Esthonz'a formatt'on for 
the Lower Cambrian of this region, which includes the blue 
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clay of the St. Petersburg region and the Eophyton and 
Fucoidal sandstones. These belong to the f irst Pulsation. 
The second or Middle Cambrian Pulsati on i s  wholly un­
represented in thi s region as is  also the Upper Cambrian 
part of the :1rd or Cambrovician pulsation. The Tremadoc 
however, is represented by the Obolus sandstone and the 
Dictyonema shale. The remainder of the Lower Ordovician, 
BI and Bli of Lamansky, corresponds as we have seen to 
the British Arenig, but i s  so distinct in type of li thology 
and fauna, that i t  would be misleading to designate it by 
that term. I have not been able to find a di stinctive 
name, that has been applied to this series and unfortunately 
the name Esthonia  Series has been preoccupied. These 
beds are most completely developed in the banks of the 
River Volkhoff ( Wolchow) i n  the old government of St. 
Petersburg though here the higher series (Bill and C) art-! 
also p resent. For many reasons, the name Volkhoff or 
Wolchow Series i s  best applied to the higher division, that 
i s  BIII, which is  there most complete as i s  also CI which 
conformably succeeds i t. I propose for the present to use 
the term Estland group for the older series and include in  
this BI and Bli of Lamansky. BU i s  again, fully developed 
from Puti lovo eastward, and this division may be further 
designated the Putzlovo Series, or Putilovo divi sion of the 
Estland series, and the three divisions BU a Bli f3 and 
Bli r, may be respectively designated the Lower, Middle 
and Upper Puti lovo formations. 

Division BI i s  most fully developed at Baltic Port, 
near the mouth of the Gulf of Finland and the name 
Balticport series may be used for i t. The Balticport 
series is again divisible i nto two horizons, a Lower, (Bl 
a) with Obolus silurictts etc., and an upper (BI f3 ) shown 
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on the River Popovka, with early Megalaspids etc. 'vVe 
may give these divisions in tabular form.l 

Lower Rdæozoz"c Bcds of Baltz"c Russ ia 

(In Stages F to C the designations of F. Schmidt are 
used. In Stages B. & A. those of Lamansky and 
my own.) 

SUPERFORMA TION Silurian 

Hiatus and Disconformity (?) 

ORDOVICIAN SYSTEM (l 08.5-128 rn + 

l F. 

STAGE F. 

F2 
Fl 

ST AGE E. 

ST AGE D. 
D2 
Dl 

ST AGE c. 

C3 

( Referred to 
Ashgillian ) 
Borkholm Series 
Lyckholm Series 
( Upper Car-
adoc. ) W esen-
berg Series 
( Catadoc. ) 
Kegel Series 
Jewe Seri es 
( Caradoc-Llan -
deilo) 
Itfer Series 

(l 00 ft. ) 

(30 ft.) 
(l 00 ft. ) 

32m. 

9.6 m. 
32m. 

(70-130 ft. ) 22.4-41.6m. 
( 20-30 ft. ) 

Schmidt. On the Silurian (and Carnbrian) Strata of the Baltic 

Provinces of Russia. as compared with those of Scandinavia and 

the British Isles. Quart. Journ. Geo l. Soc. of London Vol. 38, 1882, 

pp. 514-530 with Geo!. map. 

W. Lamansky. Die iiltesten si!urischen Schichten Russlands. 

Mern. Corn. Geol. Russ. N. Ser, Livr. 20. 

W. Larnansky. Neue Beitriige zur Vergleichung des Ost-Baltischen 

und Skandinavischen Untersilurs. Centralblatt fur Mineralogie 

Geol. u. Pal. 1901, pp. 610-618, Correlation table. 
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C2 Kuckers Series (�0-50 ft.) 
C l F chinosphæri tes 

Series ( 20-50 ft.) 

Cl b Echinosphærites Limestone 
Cla Upper Linsenschicht 

ST AGE Bill ( Lamansky) Vo1khoff Series 
(new) Asaphus Series 

Blllr ( Lamansky ) 
Upper Volkhoff 
Series ( 3-20 ft.) 
( = 3 b) Vagi1zaten or 
Orthoceras limestone 
of F. Schmidt) 

Horizon of 

Asaphus eichwaldi 
Ptychopy ge globifrons 

BIIIJ1 (Lam.) Middle 
Volkhoff Series 
( = B3a Lower 
senschicht o f 
Schmidt) 

Horizon of 

(2-3 ft.) 
Lin-

F. 

Asapus raniceps 

Blllr and BIIIJ1 have a combined 
thickness on the W olchow of 

Bllla Lower Volkhoff Series 
( Expansus Limestone Series 
Sens strict.) 
Horizen of 

Asaphus expansus 
Asa_phus lamanskit' 

12.5 m. 

9.5 m. 
3.0 m. 
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Hiatus aud Dz"sconformz"ty 
CAMBROVICIAN SYSTEM (36m -t ) 

Il EsTLAND SERIES (new term) 
( Approximately equivalent 
to British Arenig.) 
Bli Putz"lowo Group 
(new) or Megalasfz's 

205 

11 m+ 

be ds 5.20-6.60 m. 
BIF Upper Putilowo 
beds 2.40-2.50 m. 

(Locally called "Friese") 
Horizon of 

Asaphus lepidurus 
Megalaspis gibba 

BIIJ9 Middle Putilowo 
be ds 1.15-1.80 m. 

(Locally called 
"Shelt jaki") 
Horizon of 

Asaphus brc>ggerz: 
Onchometopus volborthi 

Bila Lower Putilowo 
beds l .65-2.30 m. 
(Locally called "Dikari.") 

Horizon of 
Me galaspis planz'lz'mbata 
Megalaspz·s limbata 
Asaphus priscus 

BI Baltz'cport Group 
Bij9 Upper Balticport 
be ds 

0.5-5.0 m. 
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Horizon of 
Megalaspis leuchtenberg·i etc. 
Bla Lower Balticport becls 
Horizon of 
Obolus sihtricus 

I REV AL SERIEsl ( Approxi­
ma tely equivalent to 
Tremacloc ) 25 m ± 
AIII Dictyone rna shales, 

with Distyonema 
.flabelliforme 0.-4.4 m. 

All Obolus or Ungulite 
Sandstone with Obolus 
apollinus 2-20 m. 

Iiiatus mtd Discon.form#y 

SUB-FORMATION Lower Cambrian (l 00 m ± ) 
The Balticport Group, BI 

Lower Baltz'tport beds-Bia. The lowest clivision of 
the Balticport group corresponds almost entirely to the 
division Bl of F. Schmidt, commonly known as the Glauconite 
sand, or greensand, the grains formecl by internal molds 
of what appear to be minute gastropocls ( protoconchs? ) 
but which were originally referred by Ehrenberg to Fora­
minifera and Pteropods. At Baltic Port where it reaches 
its greatest thickness, it consists of rounded quartz and 
glauconite grains, helcl together by clay or siiiceous cement. 
Here as everywhere, the base is sharply defined from the 
unclerlying Dictyonema shale, the surface of which shows 

1 In F. Schmidt's map the boundary between the Dictyonema 
shales and overlying beds passes through Reval. 
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evidence of erosion, while occasionally worn fragments of 
the shale are found in the basal green-sand. In the lower 
part we also find fragments of crystall ine rocks, worn 
fragments of bituminous shale and concretions of sulphur. 
U pwards there is a regular but gradual increase in lime, 
the rock effervescing with. acid. The quartz grains gradually 
disappear and after one or two intercalations of shaley 
beds, beds of glanconite limestone with MegalaspZ:s plant·� 
Hmbata begin to appear. This marks the beginning of 
BU a, the higher division of Bl ( BI p) being not differ� 
entiable in the western section. 

The green-sands of the lower division contain besides 
these glauconite molds a sparse faun a, in which Obolus 
szlurZ:cus is the leading form. In addition to these there 
have been found in these lower beds Obolus Nnguliformz·s 
Mickwitz, Disci1ta? sp. Szphonotreta? sp. Saltere/la? sp. 
and sponge remains, in addition to the conodonts originally 
described by Pander from these beds. 

Upper Balticport Beds. BI p. These are known from 
the outcrops on the river Popovka near Pavlowsk some 25 
km south of St. Petersburg. Here the total thickness of 
the Balticport beds is only a little over half a meter, but 
the upper part becomes a glauconitic marl, with scattered 
quartz grains . This is the division named by Lamansky 
BI P. Here a number of  species of Megalaspis, related to 
but not identical with M. planiNmbata have l::een found 
together with Orthis recta Pander and 01·thz"s chrZ:slianz·æ 
Kjer, and nine other species described by Lamansky. The 
genus Plectella. represented by 7 species is a ch aracteristic 
member of this fauna which is given in Col. 2 Tab le 
H-11. 

Division BI a, that is the Lower Balticport Beds are 
correlated by Lamansky, with the Ceratopyge shale of 
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Oeland, and that of Norway, which there is designated 3a 11. 
The division Ba a of the Nonvay ( Oslo ) section, which is 
characterized by Symphysu.rus -itutpiens, t·. e. the typical 
Euloma-N-iobe fauna of the Tremadoc, is not ki1own in the 
Baltic region and is there believed to be represented by a 
hiatus. Fina11y the division BI f3, that is the upper Baltic­
port beds, is correlated with the Ceratopyge limestonc of 
Oeland, the Swedish mainland and the Oslo section ( 3a r 
of the latter) . 

The importance of the disconformity bctween the 
Balticport and D-ictyonema beds may be questioned. Of 
course to those who still regard these beds as a deep 
water formation it mnst assnme considerable importance, but 
when we take the more rational interpretation of this shale, 
which I think we h:we no choice but to accept, namely, 
that it is a strand or coastal mud-flat formation, its relation 
to the next overlying bed might well give the appearance 
of a disconformity, since these higher beds too are shallow 
water if not actnally strand sediments, and interformational 
croston phenomena may be expected. 

The Ptttdovo Group BI I 
The Lower Puti!ovo Group. ( Bil a) Namcd from the 

town some 60 km's east of St. Petersburg. The lower Puti­
lovo beds can be traced from the Volkhoff River east of 
Putilovo, to Baltic Port, retaining throughout this distance 
a thickness of 1.ti5 to 1.80 m. or if the transition bed 
from the Balticport group is included it attains a thickness 
of 2.3 meters. The rocks consist of platey limestones the 
individual layers having a thickness of 13 to 27 cm. , and 
a bright red, yellow, violet or gray-green colour. The beds 
were extensively qnarried for use as paving stones, door­
steps, etc. and are locally known as Dt.km--i. They are 
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separated by layers of glauconite grains, which often occupy 
grooves at the top of the precedi ng stratum. The fauna 
i s  especially characterized by the trilobites Mega!aspis 
planilimbata, Megalaspis limbata, and Asaphus priscus 
which here make thcir first appearance. The list of the 
species is given in Table H-Il Col. 3. 

Traced i nto Sweden, the Lower Putilovo Beds (Bli a) 
are represented by both the Plani li mbata and the Limbata 
beds. The Planilimb:J.ta limestone is often replaced by 
Phyllograptus shale. Lamansky remarks ( 1905 p. 183) 
that the similarity of the limestones of Scandinavia with 
the Dikari of Esthonia is not only in the occurrence of the 
same index fossils, but also in the petrographic character. 

The Mz'dd!e Putilovo Beds (Bli f3 ) . This series, with 
a maximum thickness of 1.8 meters, consists of relatively 
thin layers of less compact limestone than the precedi ng. 
Their remarkable feature is that these laycrs are covered 
with an abundance of yellow and red blotches or figures. 
Glauconite is either entirely wanting or only occurs spora­
dically. The rock i s  locally known as "Sheltjaki" and i s 
characterized by a fai rly ri ch fauna of trilobites, brachiopods 
etc. Among the former Asaphus bro'ggeri F. Schmidt and 
O?Zchometopus vdborthi F. Schmidt, may be regarded as the 
index fossi ls. Nzleus armadz'!!o Dalman var. depressa, Sars 
and Boeck, also appears here. The li st of species from 
these beds cited by Lamansky i s  gtven m Tablc H-Il 
Col. 4. 

This zone begins to disappear to the west of the St. 
Petersburg region. It i s  sti ll present but in diminished 
character at Reval, but has wholly disappeared at Baltic 
Port and i s  unknown in  Scandinavia where it i s  represented 
by a hi atus. This westward diminution and final disappear-
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ing is a phenomenon of off-lapping followed by erosion. 
It marks a progressive retreat of the Lower Ordovician 
sea in this section, a fact clearly recognized by Lamansky. 

The Upper Putilovo Beds (Bnr). This division, locally 
known as "Friese" consists at the base of moderately 
compact gray l imestone with scattered glauconite grains, which 
locally may form an accumulation. They pass upward into 
marly beds . The thickness of this horizon varies from 2.•W 
to 2. 70 meters and its characteristic index fossils are 
Asaphus !epz"durus Nieszk. and Meg-alaspis gibba F. Schmidt. 
The fauna is rich both in trilobites and brachiopods and a 
spec ies of Echz"noencrim"tes and one of Glyptocystz"des occur . 
The fauna is gi ven in Table H-Il Col. 5. 

This horizon d isappears before the underlying one, 
that is in the region around Reval and this disappearance 
i s  also due to the phenomenon of off-lap . In Scandinavia 
this division is enti rely unknown. 

The Volkhoff Series BIII. 

Throughout the Eston ian regi on from the Volkhoff 
River to Bal tic Port, the Putilovo group or the Meg-alaspis 
beds, that is the division BU, is disconformably succeeded 
by the division Bill, the Asaphus series or Volkhoff series 
of our classi fication. The contact is typical of the inter­
pulsation contact. The lower, retreating series of the Cam­
brovici an pulsation, here represented by the sevenl members 
of the Puti lovo or Megalaspis group (BU) present the 
phenomena of progressive off-lap, indicating retreat of the 
Lower Ordovician Sea. Followi ng retreat came erosion, 
but no def ormation, so that with the advent of the trans­
gressing Middle Ordovician Sea ( Positive phase of the 
Ordovician Pulsation ) the position of the beds is concordant, 
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but there ts nevertheless a pronounced disconformity and 

hiatus. 
This succeeding senes (Bill of Lamansky) clearly 

shows the phenomena of overlap. Thus the lowest member 
known in this region (Bill a,) disappears in the St. Peters­
burg region. At Baltic Port, the second division, Bill !3, 
disappears and is over-lapped by division BIIIr, which there 
Iies directly on Bli a. (Text-Fig. l). The same evidence 

W. E. 
\U!· -lw --lu� -c· 

uti' \It' \Jr' Bllli-
lll· lu.. BillS 

- · - -:: =- �- ,:_.;:-,: ·. -,.ilt..:.B111a 
Bill' 

Text-Fig. 1 Diagram illustrating the off-lapping of the Lower 
Ordovician strata BUa Bll{3, and Blir, and the 

overlapping of the Middle Ordovician strata BIIIa, 

lliii{3, BIIIr, and C. (modified after Lamansky). 

of over-lap is shown evtrywhere in Scandinavia for here the 
bed with Asaphus expansus i. e. horizon BIIIa, has only 
been demonstrated for the Oslo region, and the region of 
Husbyfjol in Oester-Gotland, Sweden. Elsewhere, only the 
2nd and 3rd division BIIIf3 and BIIIr occur in Sweden, 
where they form the well-known Orthoceras limestone under 
which term the lower or Megalaspis limestones have often 
erroneously been included, because of the non-recognition 
of the stratigraphic break. 

The Cambrovidan-Ordovicimz Hiatus 

Throughout the Esthonian Region the contact between 
the two series, Bli and Bill, generally shows physical 
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.evidence of a disconformity, thi s  being of course most 
pronounced i n  the western sections The Megalaspis lime­
stone shows an i rregular erosion surface and the immed iately 
succeeding division Bill b eg ins with sandstones and contains 

fragments of the underlying beds. Go i ng eastward, this 
basal sandstone of the overlying series rests successivcly on 
the eroded surfaces of the several divisions of the lower 
.series Bli, while the sandstone itself gradually b ecomes 
replaced by a conglomeratic layer, consisting of phosphate 
nodules, which by their composition show, that they represent 

phosphatized fragments of the underlyi ng Megalaspz·s l ime­
stonesl . Even at Putilovo, the contact p resents a wavy 
line, the surface of the Megalaspis limestone being covered 
with shallow grooves, and immediately over the contact, the 
rock contains accumulations of glauconite grains, lenses of 
brown oxide and sporadically shiny nodules of phosphori tes. 

All these elements of the basal bed of the overlying series 
are i rregularly arranged and the rock has the appearance of 
a conglomerate of small limestone fragme nts, with a cal· 
careous cement and with scattered glauconite grains. 

, It is of course obvious that the hiatus so dearly 
rep resented i n  the two series in Esthonia i s  much more 
pronounced than is there indicated. The two series, that 
i s  the Megalasjis and the A saphus beds have almost no 
speci es in common as can be seen by reference to Table 
H-Il where the three divisions of the Asaphus Series (Bill) 
are represented i n  Cols. 6 to 8. Lamansky says that a 
single or at most two fossi ls are qui te suffi cient to deter­

mine from which division they are derived. 1f the retreat 
had on ly been a local o ne, f ollowed shortly by the read­
vance, such faunal d istinctness could not exist and since this  

l See Lamansky 1905 p .  81 and his discussion of Andersson's phos­

phatic deposits of similar character in Sweden. 
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retreat coincides in point of time essent ially with the Arenig 
rctreat of Britain, and the other contemporaneous retreats 
to which wc shall refer in the discussion of the sections of 
other continents, there can be no doubt that the division 
Bli represent only the lower part of the deposits of the 
great retreatal phase of the Cambrovician pulsation, else­
where represented by hundreds of meters and that the 
upper clivision, Bil!, represents only the upper part of the 
deposit of the positive phase of the Orclovici an pulsation, 
which likewise is represented elsewhere by many hundreds 
of meters of deposi ts. Thus the hiatus in the Baltic region, 
instead of representing a depositional maximum of a few 
meters is to be measured rather by hundreds if not thousands 
of meters of sediments unrepresented in that region. 

The old interpretati on that the hiatus between these 
two formations and corresponding gaps in  the Scandinavian 
sections can be explained by submarine erosionl must be 
entirely abandoned, for not only i s  it inconsistent with the 
palæogeographic dcvelopment as i ndicated elscwherc, but it 
cannot in i tself account for the observed phcnomena nor for 
the abrupt change in  fauna.2 

1 These problems have been discussed by J. G. Andersson in 

Bulletin of the Geo!. Institute of Upsa]a Vol. III, and in the 

Swedish journal Geol. Foren. Forh. Vol. XIX, p. 245-295 and by 

Hedstrom who opposes him, in the same volume pp. 560-620. 
2 This abrupt fauna] change is shown in Table H-IL The only 

specit>S that pass from Bli to BIII are two Bryozoa, Dianuhtes 
amm!atus and Mont. petropo!itana, the former probably, the latter 
avowedly used in a comprehensive sense. The only other species 

recorded from both divisions are two trilobites ilfega!aspis gz'bba 

and Pt_yc/zofJ',f{i! angusti(rons the latter as noted includes several 

distinct nnd restricted species. This leaves only Megcz!aspis gibba 

to be accounted for. (See however, Note p. 220). 
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TABLE H-II 

LOWER AND JUIDDLE ORDOVICIAN FAUNAS 
OF ESTHONIA AND ADJOINING DIS­

TRICTS IN BALTIC RUSSIA. 

The following table, with some rearrangement is taken 
from Lamansky, and shows the distribution of the fossils 
listed by him in the Lower and Early Middle Ordovi­
cian strata of the states bordering the Baltic region. The 
following horizons are represented. 
Cols I and 2. The Balticport Series. Bl. Horizon of 

Orthis christianz'æ and Plectella 
Co!. I. Hor. Bla Lower Balticport beds with Obolus 

siluricus 
Co!. 2. Hor. Blø Upper Balticport Beds. Horizon of 

Me galaspis leuchtenber gi 
Co!�. 3-5. Putilovo Group, Bli of Lamansky. 
Co! . 3· Horizon Bila with Megalaspis p!anilimbata, M. 

limbata and Asaphus priscus 
Co!. 4· Horizon Bllp with Asaphus broggeri and 01t­

chometopus volbortht' 
Co!. 5· Horizon Blir with Asaphus lepidurus and Me­

galaspis gibba. 
Cols. 6-8. Middle Ordovician Volkhoff Series. Bill of 

Co!. 6. 

Co!. 7· 
Co!. 8. 

Lamansky. 
Horizon Bl lir� with Asaphus expansus and A. 
lamanskii 
Horizon BIIlø with Asaphus raniceps 
Horizon Blllr with Asaphus eichU'ald·i and Pty-
chopyge globifrons. 
In the notation the following additional signs are 
used a= lower, b = Middle, c = Upper part of 
zone in question. 
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Table H Il 
Lower a nd Midd le Ordovici an 

Faunas of Baltic 

Russ i a 
( A fter Lamansky .)  

Spongzdre 
l .  Siphonia? cyl i ndrica Eich. 

Bryozoa 
l .  Dianulites a n nulatus Eichwal d 
2. D ittopora clavæformi s Dy b .  
3. Monticuli pora petropol i tana Pa nder 

(See Note p. 220) 
Brachiopoda 

1 .  Leptæna i mbrex Pander ( non Vern . )  
2. Leptæna imbrex Vern. (non Pander) 
3. Leptæn a nefcdjewi  Eichwald 
4. Li ngula birugata Kutorga 
5. Li ngula lata Paneler 
6. Li ngula longissima Pander 
7. Lycophor ia nucella Dalma n 
8. Obolus li ngulæformi s  Mickwitz 
9. Obolus si luricus Eich. 

10. Orthis a bsc issa Pander 
11. Orthis bocki Lama nsky 
12 .  Orthi s c a l lacti s Dalman 
13.  Orthis calligra m m a  Dal m a n  
14. Orthi s christ ian iæ Kjerulf 
1 5. Orthis extensa Pa nder 
16. Orthis i ncurvat a Lamansky 
17.  Ort his obt usa P a nder 
18. Orthis obtusa emi nens Vern . 
19. Orthi s  orthambonites Vern. 
20. Orthis parva Pa nder 
21 . Ort his parva (var. 1to11o) 
22. Orthis pa rvula Lama nsky 
23. Orthis  recta Pander 
·24. Orth is schmidt i  Wysog. 
25. Orthis striata Pander 

Lower Ord . M. Ord. 
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_____ T_ab_l_e_H_-I_I_(C_o_n_t_i,_zu_ed_) ____ /2_ � �- � � �- �- �-
Brachiopoda (cont. )  

26. Orthis tetragon a  Pander 
27 . Orthis tetragona la ta P ander 
28. Orthi s  transversa Pander 
29. Ortbis transversa btestriata Lamansky 
30. Orthi si na adscendcns Pa nder 
3 1 .  Orthisina concava Pahl.  
32. Orthisi na i n flexa Pand e r  
33. Orthisina ingrica Pah!.  
34. Or thisi na ( Le ptæna) ornata Vern. 
35. Orthi s i na plana Pander 
36. Orthi s i na plana alta Pahl. 
37 . Orthisina plana excavata Pahl. 
38. Orthisina pyron Eichwald 
39. Orthisina r adians Eichwald 
40. Orthis ina trigonula Eichwa ld 
41 . Philhedra rivulosa Kutorga 
42. Plectella eminens Lamansky 
43. Plectella extensa Lamansky 
44. Plectella graci lis Lamansky 
45. Plectella media La m ansky 
46. Plectel la  obtusa Lamansky 
47. Plecte lla semiovata Lama nsky 
48. Plectella uncinata Pander 
49. Plectella sp. 
50. Porambonites a ltus Pander 
51 . Porambonites b roggeri Lamansky 
52. Porambonites i nt ercedens Pander 
53. Porambonites parvus Pa nder 
54. Porambonites planus Pander 
55. Porambonites reticulatus Pa nder 
56. Pora mb onitcs tr ia ngular is Pa nder 
57. Porambonites sp. 
58. Pseudocrania antiquissima Eichw. 
59. Pseud ocr ania petropolita na Pa nd e r  
60. P-;eudocra n i a  scutellata Huene 
6 1 .  Pseudometoptoma si luri cum Eichw. 
62. Siphonotreta  unqui cua]ata Eichw . 
63. Siphonotreta  verrucosa Eichw. 
64. Siphonotreta sp. 

1 
1 - X X li _ X X 

- x  
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Ta ble  H-Il (C ontinued) 

Gastro poda 
l .  Maclurea heli x Eichw . 
2. Raphistoma qualteriatum Shal . 
3. Salpi ngostoma locator Eichw. 
4. Sinu ites sp . 

Pteropoda etc. 
1. Conularia buchi Ei chw . 
2. Conularia quadrisulcata M i ll .  em e nd .  

Leuchtbg . 
3. Conul aria sp. 
4. Hyolithes acutus Eichw ald 

Cep!zalopoda 
1 . Cyrtoceras archiaci Vern . 
2. Endoceras commune Wahlenberg 
3.  Endocera s duplex F. Schmidt 
4. Endoceras trochle are Hisinger 
5. Endoceras va g i natum Schloth. 
6. Endoceras sp. 
7.  Estoni oceras ari ense F. Schmi dt 
8. Eston ioceras imperfectum Schloth. 
9. Estonioce ras perforatum Schræd . 

10. Estoni oceras sp . 
1 1 . Orthoceras  atavus Br og-ger 
12. Plan ctoceras f a lea turn Schloth .  

Trilobita 
1 .  A mphion b r evicapi tatus Lamsky 
2. Amphion fi scheri Ei chw. 
3. Ampyx li nnarssoni  F. Schmidt 
4. Ampyx nasutus Dalman 
5. Am pyx volborthi F.  Schmidt 
6. Asaph us acumi natus Boeck 
7. Asaphus broggeri F. Schmidt 
8. Asaphus e�a nsus Dalman 
9. Asaphus e ichwaldi  expansoi des Lams. 

10. Asaphus eichwald i lepi duroides Lams. 
1 1 .  Asaphus lamanskii F. Schmidt 
12. Asaphus lepidurus Nieszk. 
13.  Asaphus ma jor F. Schmidt 

1 1 2 : 3 4 5 6 7 8 
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Tabl e  H-Il (Continucd) l 2 3 4 5 6 7 8 
------------------- - --- - - - - - --

Trilobita (cont . ) 

1 4. 
15.  
16 .  
1 7 . 
1 8. 
19. 
20. 
2 1 .  
22. 
23. 
24. 
25. 
26. 
27 .  
28.  
29. 
30. 
31 . 
32. 
33. 
34. 
35. 
36. 
37 . 
38. 
39. 
40. 
41. 
42. 
43 . 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51 . 

Asaphus pachyophtalmus F. Schmidt  
Asaphus priscus Lams. 
Asaphus r aniceps Dalman 
Che i r urus i ngricus F. Sch m i dt 
Cheirurus ornatus  D alman 
Cybele bellatula Dalma n 
Cy bele  bellatula ge n u i na F. Schmidt 
Cyrtometopus affinis  Ange l i n  
Cyrtometopus c f .  aries Leuchtbg. 
Cyrtometopus clavifrons Dalman 
C:yrtometopus g i bbus A ng . 
Cyrtometopus tumidus A ng . 
Harpes spasski i  Eichwald 
Illænus centrotus Dalman 
l llænus ce ntrotus var . 
Illænus esma r cki i Schloth . 
Illænus ladogensis Holm 
Illænus laticlavius Eichw. 
Illænus reval iensis Holm 
Megalaspis acut icauda Ang . 
Megalaspis centron Leucht . 
Megalaspis gibba F .  Schmidt 
Megalaspis heros Dalm . 
Megalaspis hyorrhi na F .  Schmidt 
Megala spis  kolenkoi F. Schmi dt 
Megalaspis lawrowi F. Sch midt 
Mega l aspi s leuchte nbergi Lams . 
Megalaspis limbata Sars & Boeck 
Mega l asp i s  longicr� uda Lawr . 
Megala spis mickwi tzi F. Schmidt 
Megala�pis pl ani l imbata Ang. 
Megala spis  pogrebowi Lams . 
Megalaspis polyphemus Brogger 
Megah spi s schmidti  Lams. 
Megalaspis sp . 
Metopias celorrh i n  A ng. 
Metopias  celorrh i n  con icc ps F .  Schmidt. 
Metopi as pachyr r hi na Dalman 

·- - - - - - - X 
- -· X 
- - - - - e x a  
- - - - - - x ? 
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- - - - - x x 
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Table H- Il  (Conti1zucd) i l !  2 3 / 4 5 6 7 8 
---------- 1- -- -- -1- -- -- -

Trilobita (cont.) i Metop ias pachyrrh i na longerostrata 
Schmidt 

52. F. i i 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

6 1 .  

62. 

63. 

64. 

Metopias verrucosa Eichw. 

Nileus armad i llo deprcssa Sars & 
Boeck 

Niobe em<� rginula Brogger 

Niobe fronta lis Dalman 

Niobe læviceps Da l ma n  

Niobe li ndstr3mi F • Schmidt 

Onchometopus schmidti Lams. 

Onchometopus stacyi F. Schmidt 

Onchometopus volborthi F. Schmidt 

Pseudasaph us globifrons Eichw. 

Pseudasaphus tecticaudatus præcurrens 
F. Schmidt 

Pterygometopus sclerops Dalman 

65. Pterygometopus trigonocephala F. 
Schmidt 

*66. Ptychopyge angust i f  rons Dal man 

67 . Ptychopyge angust if rons trun�ata Nieszk. 

68. Ptychopyge inostranzew i  Lams . 

69. Ptychopyge wohrmanni F. Schmidt 

70. Remopleurides nanus Leucht. 

Cystoidea and Crinoidea 
1 .  A sterob!astus sub lævis Jæk. 

• Jncl udes, aconrding to I .amansky a number of un­
desoribed speoies, each characteristio of a definite 
horizon. 
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Tab le H- Il (C onc!uded) 1 2 3 4 5 6 7 8 
- - - - - - - - - - -

Cystoidea and Crz"not.dea (cont. )  

2. Asterocrinus (?) mlinsteri Eich . -- - X 
3. Bolboporites semiglobosus Pand. - - X X X 
4. Bol boporites triangularis Pand. - - X X X 
5.  Bolboporites triangularis uncinata P and. - - X X X 
6. Bolboporites sp. - - - - - X a 

* 7. Cheirocri nus sp. - - - X X 
8. Cyathocri nus (?) exil is  Eichw. - - - X X 

* *9. Echi noencrinites angulosus Pand . - - X X 
1 0. Echinoencri nites lævigatus Jæk. - - - - - X 
1 1 . Echi noencr ini tf's reti culatus Pand . - - - - X 
12.  Echi noencrinites senckenbergi H. v. 

Mull - - - - - X 
13.  Echinoencrinites senckenbergi i nterlævi-

gata Jæk . - - - - - X 
14. Echi noencrinites cf senckenbergi Mull - - - - - - X 
15.  Glyptocysti tes giganteus Leucht - - X X 
16. Haplocrinus (?) mon ile Eichw . - - X X X 
17.  Mesites pusyreffskii Hoffm .  - - - X 
18.  Pentacr inus (?) ant iquus Eichw. - - - - X 

* Basal attachment only 
** Includes sevf"ral m utat ions or variet ies. 

Note: Bassler (U. S. Nat. Mus. Bull . 77) has listed the follow­

ing 8 Bryozoa as crossing from BH to BIII or higher 

horizons. 

Nicholsonella gz.bbosa Bassler ; Dianu!ites fastigiatus 

Eichw . ,  D. petropohtana Dyb . ;  Esthont"opora communis Bassl. 

Hemiphragma rotundatmn Bass!.  Dittopora annulata (Eichw.), 

Diplotrypa petropohtana Nicholson ; D. bt"cornis { Eichw.) .  

I n  this con nection i t  should be remembered that weathered­

out Bryozoa of an older formation may readily he re-enclosed 

secondarily in the sed i ments of the next transgressing sea. 
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TuE SwEDISH SEcnoNs 

These sections are pa rticularly significant because they 
furnish us with the complete. succession of the Upper Cam­
brian and fortunately they have been subjected to an inten­
sive and detailed study by that master of Swedish Strati­
graphy Dr. A. H. Westergaard.l 

ANDRARUM 

According to Westergaard, the most complete develop­
ment of the Olenus beds is in the Andrarum region of 
Scania where the thickness is 3 7 meters or more. Here 
he recognizes the following subdivisions. 

Table of the Olenus Beds of Andrarum 

SUPERFORMATION Dz'ctyograptus shales 
( contact concealed. ) 

0LENUS SHALE 
Zone 6. Upper Parabolina heres, zone. 5.9 m. 

c. Subzone with Boeckia.f! illænops-is and 
B. scan-ia 

b. Subzone, with Cyclognatus grmtu!atus 
and Parabo!ina heres 

a. Subzone with Acerocare tullberg-i 

Unexposed Interval 

Zone 5. Peltura zone etc. 4.9 m. 

f. Subzone, with Parabolz"na longi­
corn-is Westergaard and Agnostus 
rudis holm-i Westergaard ( Col. 8 
Table ]-Il) 

1 A. H. Westergaard Sveriges Olenidskiffer. Sveriges Geologiska 

Undersokning. Avhandlingar och uppsatser i. 4:0. No. 18, 1922, 
pp. 1-188 Swedish, 189-205 Engli sh, 16 plates. 
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e. Subzone with Peltura scarabæoi­
des, Sp!tærophtha!mus alatus, S. 
majusculus, Ctenopyge pecten, Ct. 
H1znarssoni, Ct. teretzfrons and Ct. 
bisulcata. ( Col. 7, Table J-Il) 

d. Subzone with Sphærophthalmus 
major, Ctenopyge tumida and Peltura 
mznor. 

c. Subzone of Ctenopy ge flage!Hfera 
angusta and Ct. erecta. 

b. Subzone of Ctenojyge flagellifera 
and Protope!tura præcursor. 

a. Subzone of Ctenopyge neglecta and 
Protopeltura fræcursor. 

Zone 4. Zone of Leptoplastus and Eurycare 

e. Subzone of Leptoplastus stenotus 
d. Subzone of Eurycare angustatum 
c. Subzone of Leptvplastus ovatus and 

Eurycare fatum 

b. Subzone with Leptoplastus raphido­
phorus 

a. Subzone of Eurycare sp. 

Zone 3. Zone of Parabolina spz'nulosa and 
Orusia lenHcularis 

b. Subzone with Paraboli1za spinulosa 
a. Subzone of Parabolr:na brevispz'na 

and Protopeltura aciculata 
Zone with unknown fossils 

Zone 2. Zone with Olenus 

f. Subzone with Olenus scanicus and 
Polyphyma angelini 

3.0 m. 

5.0 m.+ 

3.4 m. 

7...1 m. 
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e'. Shale bed without characteristic. 
fossils 

e; Subzone with Olenus dentatus 
d.  Subzone with O!enus attenuatus 
c . . Subzone with Olenus wahlenber gt' 
b. Subzone with Olenus truncatus 
a. Subzone with Olenus transve1'sus and 

Olenus gibbosus 

223 

Zone l. Zone with Agnostus pistj'ormis 1.4 m. 

Probable Hiatus and Discon.formity.· 

SuBFORJ.VIATION: Middle Cambrian, Zone of Agnostus 
lævi'gatus 

The trilobite fauna of the Olenus shales of SwP.den 
and their distribution elsewhere is given in Table J-II. 

In this table the division zones are grouped as follows 

Col. 8, ( 5d) subzone of Parabolina longicornis-- 5f of 
Andrarum section 

Col. 7. ( 5c) subzone of Peltura scarabæoides = 5e of 
Andrarum section 

CoL 6. ( 5b ) subzone of Peltura· scarabæoides acutldens 
and P. minor 

G:ol. 5. ( 5a) subzone of. Ctenopyge .flagelli.fera and 
Protopeltura præcursor 5a and 5b ( Cols. 
5&6 correspond to. subzones 5a�d of the 
Andrarum. section } 

The Older Zom:s 

The longest continuous section in· this region is 12 
meters. This begins with the Agnostus pz'si.formis zone 
at the base and extends for about 2 meters above the horizon 
of Olenus scanicus. The distance between the horizon of 
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Agnostus piszformis ( zone l ) and that of Olenus <>o-ibbosus 
( zone 2a) is a litt le less than 3 meters. Then the zones 
follow regularly to that of Olenus attenuatus, there being 
an interval of over 5 m. between the latter zone (2d ) and 
the zone of Olenus scanicus ( zone 2f) 

Another section l i  meters high, shows the zone of 
Agnostus lævigatus at the base, followed by nearly 2 meters of 
shales, before the Agnostus jz'sz'.formis zone is reached, 
which ex ten ds through nearly 3 meters. The in terval be­
tween the two Agnostus zones shows no physical hiatus. 
But if A. lævigatus belongs to the Middle Cambrian as is 
generally considered, the hiatus here is probably masked, 
and there may be an interval of considerable magnitude. 

In other sections, the Parabolz'na brevispina subzone 
( 3a) li es about 3. 5, meters above the Olenus scanicus beds, 
while the beds with Protopeltura aciculata follow from 1.5 
to 2 meters higher, and beds with Conokephalz'na olenorum 
and Liostracus pusillus lie between. The higher subzone 
3b, with Parabolina spinulosa and Grusia lentt'cularis follow 
for a meter or two higher. 

The beds of zone 4 occur in several dissociated 
sections, only one of which is in cont.:1.ct with beds contain­
ing Parabolina spinulosa at the base. 

The sections of zone 4 and 5 seldom show contact 
with each other nor is there any section in which zone f) 
is in contact with zone 6. Hence this latter zone is 
separated from the unclerlying beds by an unexposed interval 
of unknown magnitude. We may here give the details 
of zone 6 and zone 5 in their region of best developrnent. 

Zone 6 Parabolz'na heres Zone 

Exposed in the excavations near the Boiler House, 
south of the East bridge across the Verka River in Andrarum 
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(In descending order ) the numbering being the rever se of 
that given by Westergard (P· 22, profile No. Il.) 

7. 

G. 
G. 
4. 

3. 
2. 

Shales, mostly unfossiliferous, but with frag­
ments of Parabolina sp. 

Shales wi th Bæckia ? il!ænojst·s 
Shales wi th indeterminate fossil f ragmcnts 
Shales with Bæckia scanua, B? illænopsis 
and Parabolina heres .9 

Unfossiliferous shales 
Shales with Cyclognathus granulatus and 
Parabolina her es 

1.7 m. 

O.l m. 

0.2 m. 

0.3 m. 

1.1 m. 

0.2 m. 

l. Shales with indeterminate trilobite fragments l. 9 m. 

Total . . . . .. . . . . . . . . . . . . . .. . .. . .. . .. . . . . . . . . . . . . . . .  5.5 m. 

Horizon 1 , elsewhere carries Acerocare tullbergi 

Zone 5· Peltura Zone. 

In the Andrarum region, this is exposed a bont l 00 
meters west of the preceding and though neither the high­
cst subzonc ( f) nor the lowest (a) are shown, the inter­
mediate ones are well exposed. They comprise the following 
strata in descending order . (Westergaard, pp. 21-22 
profile l O, Loe. 13, numbering reversed) 

8. Shales with small orstenl balls and char­
acterized by the f ollowing spee i es. ( subzone e 
upper part) O. 3 m. 

Peltura scarabæoides 
Sphærojhthalmus alatus 
Sphærojhthalmus majusculus 

1 Orsten is the Swedish term for foetid limestone or "Stinkstone". 

It will be used throughout as a rock name. 
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Ctenopyge pecten 
Ctenopyge linnarsstJni 
Ctenopy ge tereti.frons 

7. Shales with the following fossils ( subzone e, 
middle part) 0.2 m, 

Peltura scarabæoides 
Sphærophthalmus alatus· 
S phærophthalmus majusculus 
Ctenopy ge bisulcata 

6, · Shales with small balls of radiately crystall ine 
barites ( subzone e lower part') 0.7 m. 

Pdtura aff. scarabæot.des 
Sphærophthalmus alatus 
Sphærophtha!mus major 

5. Concretions of orsten ( subzone d, upper part) 0.3' m. 

Peltura mz·nor 
Sphærophthalmus major· 
Ctenopy ge tumz:da 
Parabolitzella laticauda 
Agnostus trisectus 
Agnostu.s rudis 

4. Shales with baryte concretions ( subzone d 
middle part ) OA m. 

Sphærophthalmus major 
Ctenopy ge tumida 
Ctenopy ge a.f.fz·m·s 

3. Shales l ike the preceding ( Subzone d, lower 
part) 0.5 m; 

Sphærophthalmus major 
Ctenopyge tumida 
Ctenopy ge spectabilis 
Obolu.s ( BrtYggeria) aff.. saltert: 
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2. Shales with the following trilobites, sub zone 2 1. l m. 

Sphærophthalmus major.� 
Ctenopy ge jlagel!t".fera an gusta 

1 .  Shales ( subzone b of general ta ble ) 0.3 m. 
Ctenojy ge .flagellzfera 
( Subzone a not exposed ) 

While Lower Ordovician beds are only sporadically 
seen in the Andrar um region, they are more fully develop­

ed both to the east and west. Of these I may give the 
following summary based on Moberg's investigations and on 
my own field studies under the guidance of Prof. Moberg 
in 1 �)! O. 

East Scania 

The exposures of the Lower Ordov ician strata are best 
seen in a section 8 km long between the vi llages of 
To mmarp and Jenestad chiefly along the bed of a small 
stream. 

Near Jerrestad, the Dz"ctyonema shale appea rs to lie 
directly on the Acerocare beds of the Upper Cambrian. 
( Zone 6 of the preceding series p. 22 4) though the actual 
contact is not shown. In the lower beds of the Dictyonema 
shales occurs Dictyonema .flabelli.forme Eichwald. In the 
following list a represents the lower port ion of the shale, 

b the midd le a nd c the higher . 
Dictyonema jlabel!zforme Eichwald a 
Dictyonema .flabellz"jorme var. norwegica Kjerulf c 

C l  onn graptus tenellus calla'l.Jit" Lapworth b 
Clonograptus tenellus hz"ans Moberg b 
Bryograptus hunneber.rensis Moberg b 
Bryograptus kjeruifi Lapworth c 

These beds are f oll owed by alum shales carrying 
Ceratiocaris scanicus Westergaard and are believed to be the 
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equivalent of the Shumardia or Ceratopyge shales. The 
Ceratiocaris suggests an advent of river sediments. The 
immediately succeeding limestone is classed by Moberg as 
Ceratopyge limestone, though typical fossils have not been 
found in it. It has however, y ielded indeterminable frag� 
ments of trilobites, brachiopods and an Orthoceras. 

The Lower Didymograptus shales follow, though they 
are only partly exposed. The following species have 
been obtained. 

Didymograptus balticus Tornqnist 
Did ymo graptus geometrieus T 6rnquist 
Did ymo graptus constrictus Hall 
Tetragraptus quadribrachiatus Hall 
Schizograptus rotans Tornquist 

Somewhat higher the following are found; 
Phy!lograptus denszts T6rnquist (=P. angustifolius 

Hall ) Tornquist's zone c. 
fsograptus gibberru!us Nicholson. Tornquist's zone b 

These be ds are overla in by the so�called Orthoceras 
limestone, the lower beds of which are believed to repre­
sent the hor izon of Megalaspis !imbata, though this is not 
definitely ascertained. 

The section is interrupted, but in the limestone quarry 
at Tommarp the Orthoceras limestone is overlain by 
limestones with Trinuc!eus coscinorhinus. 

In the Jerrestadt region, the covered interval above 
the Didymograpt1ts shale is followed by an outcrop of 
shales which contain 

Dicranograptus clingam· Carruthers 
Climacograptus bicornis Hall and others representing 

a Middle Ordovician horizon. The covered interval thus 
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conceals the disconformity and hiatus between the Cam­
brovician and Ordovician. 

A nearly con tinuous section is exposecl in the stream 
bank, south of Tommarp (Text-Fig 2). The beds di p at 
a gentle angle to the north, the dip increasing progres­
sively northward. A quarry has been opened in the so­
called Orthoceras limestone, which here represents the 

N. 

Text-Fig 2 

S. 

Section in the stream Bank south of T ommarp, 

Scania in Southern Sweden. 

a, /Vhgalaspis !imbata limestone; b Trinucleus 
coscinorhinus beds; c, Black Shale with Dicrano­

graptus clingani; d covered; e, Trinucleus shale. 
The hiatus lies between division a, and c, but 

the exact relationship uf bed b is not certain. 

horizon of Mega!aspis limbata. The limestone is in thin 
layers with shaly partings, the who1e dipping 200 to the 
north. Fossils are scarce but I obtained a pygidium of 
Megalaspis limbata. 

lmmediately above this Limbata limestone is a thin­
bedded, dark, mainly fine- grained calcaren ite. From this 
bed Tr·inuc!eus coscinorhinus Ang. and some other fossils 
have been reported, although we were unsuccessful in find­
i ng  these. 

These beds are succeeded by dark shales with Dicrano­
graptus cHnganz·, which represent the Middle Ordovician. 

It is evident  that the Cambrovician-Orclovician discon-
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formity falls between the Limbata limestone below and the 
Dicranog-raptus shales above, but whether the thin Trinu­
cleZJ.s coscinorhinus beds belong with the lower or with 
the higher series is not quite clear. In the exposures 
accessi ble, we were unable to find any physical evidence 
of the break which apparently is masked. That it exists 
here is of course evident from the absence of a consid­
erable series of strata represented between them elsewhere 
m Sweden and in the Baltic region. 

Acc<,xding to Bubnoff ( p. G69) Isograptus gibberulus 
1s found in the Tr-inucleus coscz'norhinus bed and if this 
is substantiated the bed must be classed with the lower or 
Arenig (Deepkill ) division. qn the other hand, Tullberg 
has found Ampy.x rostrata in the T. cosdnorhinus zone 
and he therefore referred it to the horizon of the Chas­
mops limestone. lf this is substantiated, then the dis­
conformity falls below this bed and between it and the 
Limbata limestone. 

These is however, another possibility which must not 
be overlooked, namcly that this bed b of the section 
represents an old residual limesand formed during the ex­
posure which followed the Cambrovician retreat, from the 
disintegration of the Megalaspis limestone. The trans­
gressing mid-Ordovician sea would rework such a limesand 
and destroy the physical evidence of a disconformity. 
Organic remains of the newer series might thus become 
mingled with the residual, more or less fragmentary remains 
of the older series and thus produce the dcceptive appear­
ance of a transition bed. In this respect it would be 
comparab1e to the Orthis Sand, (Division Ill) (bed 6) 
of the Poli3h section discussed on page 292 etc. and 
of the St. Peter sandstone of the Central United States. 
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West Scania 

In W e5t Scania these beds are exposed at Fogelsang 
some 7 to t:> km east of  Lund, and at Rostanga . As is 
the case in Scania generally, the exposures are only partial 
and disco:1tinuous and many horizons can only be uncovered 
by digging. Also because of the fact that this is a region 
of extreme "checker-board" faulting, it is almost impossible 
to obtain a wholly trustworthy succession . Nevertheless, 
the very painstaking work of Professor Moberg had made 
it possible to piece together the various outcrops and the 
artificial exposures and so get a fairly complete picture of 
the succession. 

The lowest beds are found at Fogelsang back (brook ) 
where they are exposed in the low banks of the Sularps­
bick and the Fogelsang båck. It must be especially 
emphasized however, that contacts between the various 
formations are very rarely exposed. The Upper Cambrian 
beds are represented by the Acerocare zone with Acerocare 

ecorm Ang. in the lower, and P..r.rabolina heres in the upper 
parts. These beds rest disconformably on the Exulans 
limestone of the Parado.xz'des tess-in-i zone of the Middle 
Cambrian. The next succ eeding beds are the shales with 
Dictyoncma flabel!tforme fo llo wed in another locality by 
beds with C!ono graptus !ene! lus and higher up by beds 
with Bryograptus kjeruifz'. These beds however, are not 
in contact, all the outcrops being discontinuous. But it is 
possible by digging, to expose the contact between the 
upper beds of the Dz'ctyonema series and the Ceratopyge 
group, of which both the lower Shumardz'a zone and the 
Ceratojyge limestone proper are represented, both however, 
in slight thickness. The continuity of the section is inter­
fered with by a diabase dyke, after which appear the 
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strongly metamorphoscd lower Dt"dymog1/aptus beds, which 
however, still contain recognizable graptolites. This same 
zone appears again farthcr north on the banks of the 
Fogelsang brook, where it carries Phyllograptus cor Strand­
mark. 

In the quarries near the river bank, a limestone is 
sho\vn, which has been identified as Orthoceras limestone. 
The west wall of this quarry shows the lower part of the 
upper Didymograptus bed or zone with Phyllograftzts cf. 
tyfus, overlying the "Orthoceras" limestone . This shows 
that the "Orthoceras" limestone of this section is not the 
true Orthoceras limes tone, but rather the Megalaspz"s lime­
stone, either the Limbata or the Planilimbata horizon. There 
are 3 quarries and this feature is shown in the middle one. 
The most southerly one shows apparently this same lime­
stone. Of this Moberg says, "At the bottom of the most 
southerly limestone quarry, on the occasion when it was 
pumped dry, a slat y limestone was found, rich in trilobites, 
among which may be noted Trinucleus coscinorhinus Ang. 
and Aeglz"na umbonata. ( Ang)" This bed was not exposed 
at the time of our vis it, but if this slaty limestone was in 
place, and faulting is cxcluded, thcn the Trz."nucleus cosci­
norh z"nus beds belong be1ow the Upper Didymograptus 
shale with Phy!log1'aftus tyjnts, if not actually in or below 
the Mega!aspis Iimestone. 

This is rather a remarkable position, we hardly expect 
to find Trinucleus at so low a hori zon as the ba <>al beds 
of the lower Ordovician. It may perhaps be well to regard 
this as a doubtful occurrence, until verified by other more 
reliable exposures. In this connection, it should be noted 
that Tullberg has recorded in the Tosterup regien, 1 2  km 
NE of Ustad, South Scania, Orth oceras Limestone, with 
Illænus esmarki and other Asaphus l imestone fossils as 
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overlain by beds of the Trz"nucleus coscinorhinus zone with 
Am pyx rostratus and these were directly succeeded by beds 
with Dicranograptus clz"ngani, Clz"macograptus bz"cornis Hall 
etc. , that is graptolite beds of the later Middle Ordovician . 

The Upper Bidym ograptus beds are well shown in a 
steep bank in the south side of the Sularp river, just 
above the mouth of the Fogelsang creek. Both the lower 
division with Phyllograptus cf. typus Hall, and the upper 
or Geminus division with Lonchograptus ovatus Tu1lberg, 
are here shown, but no highcr beds. They are also shown 
farther down the Sularp river, at several localities, both 
in the bed and bank, and on the Fogelsang creek as well, 
but in isolated ontcrops, which show no relation to higher 
or lower beds. The difficulty of establishing a complete 
section in these beds is thus apparent. This is emphasiz­
ed by a group of outcrops, about 500 m above the mouth 
of the Fogelsang creek. Here Lower Dictyonema beds are 
exposed in a ditch dose to the north bank, while Geminus 
Beds are shown in the river bed and south bank only a 
short distance away. Again, a short distance from this 
point is an exposure of middle Dicello graptus shales, re­
presenting the zone of Ampyx 1".ostratus of the Chasmops 
beds and theref ore high in the Midd le Ordovician series of 
the 4th Pulsation. Their dose proximity to the Geminus 
beds can probably be explained only by faulting as it is 
hardly likely that within so small an area, there is so 
pronounced a variation in the magnitude of the hiatus between 
the 3rd and 4th pulsation. l  

One of  the great drawbacks to an unclerstanding of 
the stratigraphic succession is the use of the term «Ortho-

l For further detail see Moberg Guide to Scania, and Grabau 

A. W. Bull. G. S. A. Vol. XXVII, pp. 614 et seq. 
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ceras Limestone" for all the limestone beds enclosed be­
tween the graptolite shales of both the Lower and Middle 
Ordovician. The true 01-thoceras limestone, if that name 
is to be used at all, belongs in the Midclle Ordovician 
and its lowest manifestation in the Baltic region is the 
Asajhus e.xpansus bed, the equivalent of Lamansky's Bill 
a. This lowest division is however very generally wan ting 
in Sweden, where the 01'thoce1'aS limestone group proper 
begins with the Asapi!Us ranicejs beds, that is Lamansky's 
Blll p. It is in these and the succeeding beds that ,,-e 
have the rich deve:opment of the Orthoceratites, which 
have given thesc beds their name. Orthoceras itself is 
perhaps less frequcnt than .Endo{'(:ras, Vagi?Zoce1'as and other 
genera of the Ho:ochoanitcs, which often make up the 
mass of the rock. 

The�e Orthoceras beds proper occur in the Rostanga 
district of West Scania, 38 km N. of Lund, but most of 
the limestone of at least southern Scania, to which the 
name Orthoceras limestone is currently applied, belongs to 

_the liiegalaspis limestone of the Lower Ordovician, and Iies 
below the great hiatus, which separates the Lower from 
the Middle Ordovician. The confusion has of course arisen 
from the fact, that in a number of sections, both in 
Sweden and in the Baltic region, there appears to be a 

continuous limestone series, the lower part of which was 
characterized by the early Megalaspis ( M. jlam"limbata 
and M. limbata ) and the higher part by Orthoceracones 
and by Asaphus and other Middle Ordovician trilobites. 
There was of course no reason to suspect the existence of 
a hiatus within the limestone series, although the occurrence 
of phosphatic layers and even of conglomeritic beds was 
recognized. These were howevcr, generally considercd as 
due to contemporancous submarine erosion, and not regard-
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ed as being of great importance. Moreover, 1n many sect_ 
wns the disconformity was masked. Now however, that 
wc understand the true relationship of these strata, thanks 
largely to the detailed work of Lamansky, wc should no 
longer include the Lower Ordovician li mestones, that is the 
Megalaspis beds, in the Orthoceras limestone . If that 
name is to be retained at all- for historie and sentimental 
reasons,- it should be reserved for the Middle Ordovician 
limestones of the Baltic region. Recent studies by Chinese 
geologists have shown that the rich cephalopod fauna of 
these limestones is of Indo-Pacific origin, the fauna being 
characteristically developed in the corresponding rocks of 
South China. This problem will be more fully discussed 
in the article on the Ordovician pulsation. 

Sections in U7ester got! and 

KINNEKULLE. One of the mos.t complete sections of 
the Cambrovician and succeeding Ordovician strata in Central 
Sweden is that of the Kinnekull e on the South-west border 
of Lake Vanern in Westergotlancl. This hill and the 
neighbouring regions of Lugnås and Billingen have been 
famous in the geology of Sweclen since the days of Kalm 
( 1 742 )  and Linnaeus (1747). The hill which rises 26:-3 
meters above Lake Vanern ( 307 meters above sea-level ) 
is an erosion monadnock of horizontal strata capped by a 
layer of basaltl. The succP.ssions of the strata is as fol­
lows in descending order. 

1 See the sections in Nordenkjold and De Geer, Guide 36, 1 1th 

International Geol. Congress, 1910 pp. 42-47. Figs 11-12 and 

literature there cited. Also Grabau A. W. Bull. Geol. Soc. of 

America VoL XXVII, pp. 586-588, 1916. 
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DrABASI<:, form ing the top of the hill. 30.0 m. 
Sn.URIAN Llandovery 

Upper Graptolite shales 56.0 m. 
b. Retiolt'tes shale with R. geinitzia1zus 

and Mono graptus 
a. Rastrz'tes shale, with R. hybridus 

and Monograptus 

Ilz'atus? 

Brachiopod shales 2.0 m. 
Sometimes placed in the Upper Ordovi­
cian probably equivalent to Ashgillean. 

0RDOVICIAN 
C.  Trz'nucleus shale 32.0 m. 

3. Red Trinuc1eus shale, with Remopleu­
rides radians Barrande, Cybele ver­
rucosa Dalman, Trinucleus wahlen­
bergi Rault, Ampyx tetragonus Ange­
iin, Dio;zide eug!ypha Angelin, Agnos-
tus trinodostts Salter etc. 1 8  m 

2. Limestone stratum 2 m 
l . Black and green Trinucleus 

shale 12 m 

B. Chasmops Beds l 0.0 m. 

Dark shales, with graptolites and numer­
ous concretionary limestone masses and 
beds of impnre limestone containing. 
Chasmops sp. 
Remopleurides sexilineatus Angelin 
Ptychopy ge glab1·ata Angel in 
Ampyx rostratus Sars 
Ampyx costatus Boeck 
Agnostus trinodus Salter 
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Beyrz"chia costata Lnrs. 
Primitia strangulata Salter 
Ec!tinosphærites aurantium Gyllenh. 

( this last is especially abundant li l 

the Lower part) 
A. Orthoceras Limes tone ( Restricted) 40 m. 

3. U p per gra y or Chiron limes tone 1 O m. 
Contains 
Illænus chiron I-1. M. 
Ogygia dilatata Brunn var. barisi Ang. 
Ancistroceras ttndulatum Boll. 
D·iscore?'as te1'es Eichw. 

2 .  Upper Red Orthoceras limestone 
(=Bill r of Lamansky) 24m. 
b. Platyurus limestone with 

Asa.phus ptatyztrus Ang. 
Orthoceras tm-tum 

a. Gigas limestone, with 
Megalaspis gigasl 

1. Lower gray Orthoceras lime­
stone or Asaphus limestone 
( = Bill [j of Lamansky) o m. 

This contains a rich fauna 
including the following·. 
Tr ilobites. 

Cyrtometopus clavifrons Dalman 
Phacops scle1'o}s Dalman 
Asaphus raniceps ma:cima Er 
Mega/asp-is heros Dalman 
Megalaspz·s rotundatus Ang. 

1 This species has not been reported from the Kinnekulle hut 

occurs elsewhere in 'vVcstergotland. 
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11-fegalaspis explanata Ang. 
Illaenus esmarki Schloth. 
Amjyx nasutus Da1man 

Cephalopoda 
Endoceras wahlenbergi Foord 
Orthoceras kinnekullensis Foord 
Estonioceras proteus His. 
Bathmoceras Hnnarrsom: Ang. 

Gastropoda 
Gonionema bz.carz"natum His. 
Raphz"stoma gradatum Koken 

Brachiopoda 
Orthz"s sp. 

Cystoidea 
Sphæronis pomum Gyllenh. 

( this species in rock-forming masses) 

Hiatus and Discon.formity 

This hiatus inc1udes Bill a, and Bil r and Bil (3 of 
the Estonian region, in addition to the hiatus of unknown 
length between Bil and BilT. 
CAMBROVICIAN 

E. Lower Red or Limbata limestone (=Bil a 

Lamansky) 12 m. 
Contains 
Megalaspis lz"mbata S. and B. 
Nz"leus armadillo Dal m. var. 

D. Lower Didymograptus shale 
Light greenish shale with 
Phyllograptus densus Tornquist 
Didymograptus extensus Hall 
Tetragraptus quadrz"brachiatus Hall 
Tetragraptus .frutz"cosus Hall 

10 m. 
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C. Planilimbata limestone 
Gray limestone, with 
Meg-alaspis p!anilimbata 
Eoorthis christianiæ etc. 

B. Ceratopyg-e limestone 
Upper part gbuconitic limestone, 
Lower part glauconitic shale correlated 
by Lamansky, with his BI fd· 
The f ossils recorded are : 

Trilobita 
Ccratopyg-e _forft'cu!a Sars. 
Euloma ornatum Ang. 
Cyrtometopu� primt"_�·eus Ang. 
Niobe instgnt's Lnrs. 
Symphysurus ang-ustatus Boeck 
Ntleus hmbata Brogger 

Brachiopoda 
Eoorthis christianiæ K jerulf 
Lycophoria lævis Stolley 

239 

0.5 m. 

2 rn. 

The last occurs in the lower or glau­
conitic shale. The others in the glauconitic 
limestone. 

A. Upper Cambrian Alum shale l 0.0 m. + 

3. Alurn shale with lenses and beds of 
orsten 7 to 8 meters, containing in the 
upper beds, Peltura scarabæot'des, in 
the rniddle part P. minor, and in the 
lower P. scarabaeoides acutidens with 
other species of Zone 5 of Andrarurn 

2. Phosphatic conglornerate wi th 
'Jrust'a lentimlaris, Paraboh'na spinu­
losa ( zone 3) 
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l . Orsten limes tone layers l to l .  6 m. 

thick some beds of which are entirely 
composcd of Agnostus pisiform·is Lin­

næus others largely of O!enus gibboszts 
Wahl en berg 

Hiatus and Disconformity 

MmDLE CAMBRIAN. Paradoxides Beds 6.4 m. 

Eiialus and Disc(Jnformity 

LowER CAMBRIAN. 
B. Lz'ngu!a sandstone 
A. Mickwitzia sandstone with Dreikanter 

liiatus and Unconformz'ty 

ARCHÆAN W eathered gnei ss. 

20m. 
10 m. 

ROm. 

In only one section, that is, at Haggaerden on the 
eastern flanks of the Kinnekulle is the contact betwcen the 
Agnostus !ævigatus and Agnostus pisiformis zones expos­
ed, the two be ing apparently conf ormable. Of the lowcr 
shale O. 7 meters are exposed, consisting of shale with an 
occasional concretion of orsten or f oetid limes tone. It is 

apparent! y f ollowed by 2. 9 meter s  of similar shale with 
increasing numbers of orsten concretions and \vith se.veral 
irregular beds of orsten in the upper part. Then with a 
rather irregular contact surfacc follow orsten beds of the 
O!enus zone. 

Farther north at Gossåter on the north east slope of 

the Kinnekulle, the Agnostus pisz'formis zone, of which 
here O. 7 meters are exposed, consists of a bed of orsten 
below and shale with small and large orsten lenses above. 
This is f o1lowed by the O!enus zone consisting of one 
meter of �rsten (foetid limestone ) . 
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Finally at Honsåter, on the northern side of the 
Kinnekulle, the Agnostus pisiformis and Olenus gz.bbosus 
zones form a continuous bed of foetid limestone ( orsten ) 
l .  6 meters thick, with only a thin  intercalation of shale. 
It also includes beds with Agnostus pisiformis obesus. 

To j udge by the Haggaarden section, the sedimenta­
tion from the Middle Cambrian Agnostus lævigatus bed, 
to the Upper Cambrian A. piszjormis bed is continuous, 
but since we know that the hiatus between the Middle and 
Upper Cambrian is of world·wide extent we can hardly 
doubt its existence here, and that the disconformity between 
the two is masked. 

The Olenus Zone. In the Kinnekulle sections, this 
ranges from 0 . 9  to 1. 75 m in thickness and is everywhere 
a foetid limestone ( orsten ) ·  Olenus gibbosus,  is generally 
the principal form present, but with it occurs O. transversus .  
These too are characteristic of the Lower Olenus zone of 
Andrarum.  O .  trztncatus and O. zvahlenber gi, characteristic 
of zones 2 b  and 2c ,  are also listed from this bed at 
Gossåter and with them occur Agnostus pisiformis obesus . 

The higher Olenus zones d to f, f ound at Andrarum, 
appear however, to be absent in this section. This is ap­
parently due to a hiatus at this point, for it is in the 
upper portion of this limestone or at i ts top that wc com­
monly meet with layers of phosphoritic conglomerate as well 
as conglomerates of foetid limestone fragments. Here within 
the space of : W  or � 5 cm, we find representatives of zone 
3 with Grusia lenticularis and Parabohna spinulosa of 
subzone 4c with Leptoplastus ovatus and Eurycare fatum 
and subzone 5c with Ctenopyge flagellzfera and Protopeltura 
praecursa the intermediate zones represented in Andrarum 
being wanting. Westergaard has summarized this as follows. 
"The zones of Grusia and Leptoplastus and the subzone of 
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Ctenopyge flagellifera are very thin, and often altogether 
wanting. Most constant is the Orusia zone, which always con­
tains phosphorites and usually possesses a conglomeratic struc­
ture. Sometimes the zones in question form together a conglo­
merate or breccia, in the uppermost part of the Stinkstone 
(Orsten ) bed with Olenus. The Olenus zone too, has 
sometimes brecciated structure as shown by fig. 24, p. 5 7 . "  
(Loe. cit p .  1 9 0 ) ·  The figure referred to, shows a pro­
nounced cunglomerate of more or less rounded pebbles of darker, 
in a fine grained matrix of light gra y limestone ( orsten ) , 
with fragments of Olenu5 and Agnostus pisz/ormis obesus. 

In this connection it is of interest to note that in the 
British section the Maentwrog ur Lower di vision of the 
Upper Cambrian contains the zones of Agnostus piszformis 
obesus , Olenus gz"bbosus and Olenus truncatus, that is, zones 
l and 2 a  and 4 b of the Andrarum section. Then f ollows 
the great series of Ffestiniog beds, up to 3 0 0 0  ft. in some 
sections and largely of continental type, with only Lz"ngul­
ella devz"si in the upper 50  ft. This is followed by the 
Dolgelly series which begins with the Orusia lenticularis 
zone, and carries Parabolina spinu!osa, that is zone 3 of 
the Andrarum section and continues to the Peltura scara­
bæoides, Sphaerophthalmus alatus and Ctenopyge bisulcata 
zone, that is subzone 5e of the Andrarum section, after 
which the Trem1doc beds follow. Thus it is that at the 
hori zon of the great continental or Huangho type of river 
deposits, which form the Ffestiniog, we have evidence of 
the interrupted sedimentation and probably actual exposure 
in the Kinnekulle region, though in the Andrarum region 
of Scania some f ew degrees of latitude f urther south, the 
series is more complete. 

The various subzones 
ed in the sections on the 

of zone 5 are generally develop­
Kinnekulle .  Thus subzone bd, 
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\Vith Ctcnopyge flagellzfera and Protopeltura præcursa 
with which the shale s er i es o f  the upper divis ion begins, 
is fol lowed by the zone with Peltura scarabæoides amtidens ,  
Sphæropht!ta!mus major and Ctenopyge tumida representa­
t ive of subzone 5c. and the Iower part of subzone 5cl.  
This Acut idens zone varies in the different sect ions from 
2 .4  to 2 . 8  m.  in thickness and always consists of sha les 
with lenses and more rarely cont inuous layers of orsten. 
The next succeeding zone is that of Peltura minor w ith 
which are associated Sphærophthalmus major, Ctenopyge 
a/finis and more rare ly Ctenopy ge tumz"da. 

This usually consists of more l imestone than shale and 
so rnetimes overlaps the Acutidens zone, and ag-ain the 
succeding Peltura scarabæoides zone, so that both these 
spec ies may be present in it. Its thickness ranges from 
0. 5 to lm. 

The subzone with Peltura scarabæo-ides ( 5e of the 
Andrarum section ) occupies the greatest por tion of the sect­

' 
ion, rang ing through 4 m. or more of shales with lenses 
of orsten (fæt id l imestone) and over -lapp ing both the preced­
ing and extend ing beyond the succeed ing zones in some sect­
ions . The leading f ossils of the zone are Pel tura scarabæoi­
des, Sphærophthalmus alatus and Sphærophthalmus major. 

The highest subzones of this d ivision ( 5f) is some­
t imes represented by limestones and sometimes it occurs in 
limestone fragments in the overlying grave! .  This is the 
subzone of Parabolina longicornis wi th which is associated 
Agnostus rudis holmz· and more rarely species of Niobe 
and Megalaspis. Peltura scarabæoides also comrnonly ex­
tends into it. lts exposed th ickness ranges up to a meter 
or slightly more, but the succeecling beds are not exposed 
in contact w ith it, and so its maximum thickness 1s un­
known. It is mainly a f ætid limes tone ( orsten ). 
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The h ighest Paraholina heres zone C zone tJ of Andra­
rum which there has a thickness of 5 .9  m. ) is not shown 
in any other quarry on the Kinnekulle but is exposed in 
ditches at Storangen and Trollmen where it has a thickness 
of no more than O. o m. and is covered by thin glauconitic 
shale, belonging to the Ceratopyge zone. The Dictyonema 
C Dictyo graptus ) shale is wanting. 

Apparently only a port ion of the Planilimbata lime­
stone is replaced by Phy!!ograptus shale in the KinnekuUe 
region. In a small stream on the west side of the Kinne­
kulle near Trollmen we found in 1 H l  O an outcrop of the 
lower Didymograptus shale and some distance below a 
limestone forming a series of steps in the stream bed. In 
the upper bed of the limestone, we found numerous pygidia 
of Mega!aspis p!am'!imb ata, together with a few other 
trilobitec; and Eoorthis christz'aniæ. The lower limestone 
contains Ceratopyge. No actual contact with the lower 
Didymograptus shale was seen but the latter was exposed 
some distance up the hill. 

The absence of the Dictyonema shales in this region 
may be due to an other hiatus or the shale may be entirely 
replaced by the Ceratopyge limestone, which then forms 
the deeper water equi valent of the mud flat deposits, which 
gave rise to the graptolite-bearing shales. The relationship 
of these two formations is well shown in the Christiania 
region. The Ceratopyge limestone in the Kinnekulle varies 
from 2 m .  in the western to O.  fl m. in the eastern region. 
Among its characteristic fossils here and elsewhere in  
southern Sweden are the following. 
Trilobitæ 

Ceratopyge forficula Sars. 
Eu!oma ornatum Ang. 
Symphysurus angustatus S, and B.  
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Niobe insignis Linrs. 
Orometopus elatifrons Ang .  
Apatocephalus serratus S.  e t  B .  
Dicellocephalina d z"craneura Ang. 
Cyrtometopus prz'mt'genus Ang. 
Harpidcs 1·ugosus S. et B. 
Tn'arthrus angelinz' Linrs. 
Agnostus sidenbladhi Linrs. 
Megalaspis planilimbata Ang. 

Brachiopoda 
Orthis christz'aniae Kj erlf. 

Cephalopoda. 
Orthoceras atavis Brogger. 
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The l imestone is generally hard, compact with much 
pyrite in i rregular beds, and lumps. The l imestones is as 
a rule thick-bedded, sometimes interstrati fied with alum shale, 
but may also occur as lenses in glauconi te shale. In 
some sections as at Falbygden Mountain, it is both under­

lain and followed by phosphorite-bearing glauconitic lime­
stone, generally devoid of fossils, though these may occur 
in interbedded shales . 

BrLLINGEN-FALBYGDEN Hn.r.s.  This rudely triangular area 
l ies 4:0-70 km southeast of the KinnekuUe. These hil ls 
too are capped by diabase under which occur both Silurian 
and Ordovician strata preceded by the Cambrian. 

In the Stolan region, the northern end of Billingen 
Hill the following section of the lower strata has been 
given by Westergaard . 

C. CAMBROVICIAN 
Ill . Clay shale, with beds of limestone, 

forming the Lowcr Didymograptus 
shale 1 . 3 5  m. 
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IL Ceratopyge limestone, with phospho-
rite nodules and glauconite grains 0.75 m. 

l. Upper Cambrian Alum shale 10.5 m. 
7. Pel tura scarabæoz"des Zone 

(5e) 3.5 m. 
Alum shale, with lenses 

of foetid limestone, contains: 
Peltura scarabæoides 
Sphærophthalmus alatus 
Sphærophthalmus majusculus 
Ctenopyge pecten '? 

6. Petura mi11or Zone 2. 7 m. 
b. Alum shale with foetid 

limestone lenses. 0.6 m. 
Contains: 

Peltura scarabæoides 
Peltura minor 
Sphærophthalmus alatus 
Sphærophthalmus majusculus 
Ctenopy ge bisulcatus 

a. Alum shale with lentils 
of kolml 2.1 m. 

f>. Acu#dens Zone 1.8 m. 
b. Fætid limestone ( orsten) 0.4 m. 
Contains: 

Sphærophtha!mus major 
Pe!tura scarabæoz'des acutz'dens 

a. Alum shale, with scatter­
ed lenses of f ætid lime-
sto ne 1.4 m. 

1 An impure coal, with about 30 per cent ash, contains minute 
quantities of uranium and radium. 
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Contains� Sphærophthalmus major, Peltura 
scarabreoides acutidens ( continued 
in a different section ) 

-L Præcursor Zone l .2 m. 
b. Mainly large lenses of 

fætid limestone 0.6 m. 
Contains Ctenopy ge flagellifera a1tgztsta 

Protopeltura præmrsor 
Ctenojyl(e neglecta 

a. Shales with fætid lime-
stone lenses 0.6 1n. 

Contains fragments of Leptoplastus sp. 
and Eurycare fatum. 

:1. Grusia Zone 0.2 m. 
Fætid limestone of conglome­

ratic structure with phosphate no­
dules with 
Grusia lenticularis, Parabolina spinulosa , 
Protope!tura aciculata 

( Possible Hiatus) 
2. Olenus Zone 0.6 m. 

Fætid 'Iimestone, with 
Olenus wahlatbergi ( 2c ) 
Olmus truncalzts ( 2b) 
Olenus gibbosus (2a) 
A;;nostus piszformis obesus (�a) 

l . Agnost1ts piszformz's zotze O. 5 m. 
Fætid limestone, with : 

Ag·nostus pzszformis. 
Probable hiatus and Discm�formity 

B lVhnm .E CAMBRIAN 
7. Alum shale without fossils or limestone 

lenses B.O m. 
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(). AJ{nostus lævig-atus Zrme 1.5 111. 

A1um shales with l imeston e lenses 
Contain s : Agnostus læ·mgatus 

Leperditia primm"dz'a!is 
f). Complex hmestone Bank 0.6 m .  

4. 

:�. 
2. 
1. 

c .  Exporecta conglomerates with 
Billingselfa exporecta 

b. Dark, fin e"grain ed fætid limestone 
( orsten ) with Agnostus parvijnms. 

a. Green, coarse and finc-grained 
li mestone without foss i ls .  

Alum shales, with same ela y shale 
some un f ossilif er o us l i mes tone 

and 

Alum shales with Ag1zostus intermed ius 
Alum sha!es without fossils 
Unexposed interval 

Hiatus and Discon.formity 

:u> 
0.2 
O.H 
1.9 

A SuBFOlZ;\iATION. Lower Cambrian Lz'ng·ula sandston e .  

m. 
m. 
m. 
m. 

The contact between the Upper and Middle Cambrian 
appears to fall at the base of the A;:noslus pisi.formis 
zone, where the l imestone rests with somewhat wavy basal 
contact on ::l meters of unfossil iferous alum shale, ben eath 
which lies the Agnostus !ævigatus zone. The contact be­
tween the Lmvcr and Middle Carnbrian may fall within the 
unexposed interval above the Lingulid sandstone. 

In another section i n  thi s  region, the ·upper beds of 
the Peltura scarabæoides zone con tain thin lenses of true 
co;J.l. Si nilar coal up to l 3 or 14 cm. in thickness is 
foun d in the lower div i s ion of the Didymog-raptus shales 
in the Billi ngen and Falbygden regions, the thickest be ing 
in this shale near where our section is taken . «It has a 
chemical conposition of a real coal ; i s  pure w ith very little 
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ash. It contains about O. 2 per cent vanadium. As to the 
origin of the coal, it may be noted that nothing has been 
found that rese mbles in any way plant-organ, plant structure 
or parts thereof, or any thing derived from plant structures 
(R. Thiessen) . Its occurrence also as fissure fillings in­
clicates that the coal cloes not result from primary deposi ­

tions of plants or animals, but may be a secondary procluct 
originating in the bitumina of the alum shales." (Wester­

garcl LN. dt. p. 1 9  2) 
Oede"!(rtrden. The interesting section at Oeclegården in 

Falbygclen, the south-e:.1stern part of the Palæozoic fault 
block, and about 6 km west of T idaholm station, shows 
further detail. This section we were ennabled to study in 
1 91 O under the guidance of Professor Carl Wiman and the 
i mportant part of the section is here reproduced from my 

field note-book (Text-Fig. 3.) Acc0 1·ding to \Vestergaard, 
( loe. cit. p. 68) the entire U p per Cambr ian series is in­
cluded in 12 meters of alum shale, with lenses and beds 
of f ætid limes tone. The top is for med by such a bed, l 
meter thick, with Peltura scarabæoides etc. and the lower 

part by shales · "iith Agnostus piszformis which rest with 
apparent conformity on shales with Axnostus lævigatus the 
Middle-lJpper Ca.mbrian disconformity being masked. In 
this section too, the Olenus 1rihbosus aud O. truncatus 
zones are followecl clisconformably by Grusia conglomerates. 

The terminal part of the section is formecl by glau­
conitic and phosphoritic Ceratopy ge Iimestone O. 3 meters 
in thickness, containing Niobe obsoleta Linrs, Symphysurus 
angzts!atus ( S & B) and Eoorthis chn'stianiæ ( Kherlf ) . 
This in turn is succeedecl by Planilimbata lim eston e. The 
upper surface of the fætid limestone of the Peltura scat'­
abæoides zone (Text-Fig. :) . US.) is cbaracterizecl by 
corrosion hollows, which are often several centimett:rs cleep, 
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and are filled by glauconitic Ceratopyge limestone. The 
two are so f irmly united that it was possible to remove 
specimens showing both beds. Moreover, the base of the 
Ceratopy,r:e limestone is characterized by brown phosphate 
noclules, which contain fossils of the underlying fcetid lime­
stone, and represent altered fragments of the same. 

A- ---

Text-Fig. 3. Section at Oedegarden Sweden (Original). 
Showing contact between Ceratopyge limestone and 

Upper Cambrian orsten . 
1'1. = Planilimbata limcstone ; S.L. = Stinkkalk (orsten) Lenses 

C.=Ceratopyge limestone; A.=Alum Sha le (Upper Cambrian; 
U.S.= Upper Stinkkalk (orsten); 

While the corrosion hollows in themselves might per­
haps be considered a secondary feature, formed by inter­
stratum solntion somewhat after the manner of stylolites,l 
the phosphate nodules in the basal part of the Ceratopyge 

l See Gråbau. Principles of Stratigraphy p. 788 fig. 173. 
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limestones, and the fact that they are composed of altered 
fragments of the underlying rock, as shown by the fossils, 
certainly indicate a hiatus and erosion interval. The Dicty­
onema shales are absent herc, which might be accounted for 
by their being replaced by Ceratopy.::e limestone but what 
is more to the point, the Upper Cambrian zones of Acero­
care and Parabolina heres, which in Scania have a conbincd 
thickness of 5 m. are also absent here. Tl1Us there appears 
to be no escape from the conclusion that we have here a 

hiatus between the Ceratopy g-e and the Upper Cambrian beds. 
vVhat the extent of this hiatus is, however, we have at 
present no means of estimating. It may be regarded as a 
temporary withdrawal of the sea from central Sweden, during 
the period of the formation of the Dictyomma shales in 
the mud flat region, or it may be due to the formation of 
a " Schwelle" or Limen, such as have been invoked as ex­
plaining the many minor d isconformities in the Cambrian 
rocks of S\veden. (Vol. I, p. 4R3 . 

On the other hand, we may have here a more pro­
nounced withdrawal than would at first appear, one com­
parable to the repeated withdrawal which I have suggested 
as explaining the many disconformities and many changes 
in fauna, which are so characteristic of the Middle Cambrian 
of this geosyncline and are apparently repeated in the 
Olenus-Orusia disconformity of the Upper Cambrian Sections 
here given and shown in Britain by the Ffestiniog sands. 

The Planilimbata limestone of this section P. L. is in 
intimate association with the Ceratopyge limestone which 
undcrlies it, there being here no indication of a hiatus be­
tween the two. There is however, a great faunal change, 
marked by the incoming of the Megalaspis fauna, and this 
sudden change of fauna must be accounted for. It might 
indicate a second hiatus between the Ceratopyge and Limbata 
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limestones, the physical evidence for which is masked, or 
it might be the sudden incursion of a fauna from a new 
center of evolution by the disappearance of barriers, which 
formerly restrained it. Evidently these are problems for 
further investigation. 

However I may add, that I see as yet no evidence of 
such a pronounced disconformity and hiatus as would be 
required if we were to introduce an entirely new system, 
the Ozarkian, either below or i rnmediately above the Cera­
topyge limestone. 

A general section on Sten brotted about l O km S. E. 
of Falkoping shows the following succession in descending 
order ( Westergaard loe. cit. p. 68) 
CAMBROVICIAN 

5. Orthoceras limestone (max) 4.5 m. 

( Probably in part at least Megalaspis 
limestone. Upper part may be Asaphus 
]imestone ) 

4. Lower Didymograptus shale O.G5 m. 

3. 

2. 

1. 

Gray-green clay shale with lirnestor.e 
bank. 
Ceratopyge limes tone 
Gra y-green limes tone with gla.ucon i te 
and phosphorite 
Dictyonema shale 
Alum shale with orsten. 
Olenus shales 
Alum shale with orsten and a O. fl m. 
bed of orsten ( f cetid limes tone) 111 
shale. A lso or sten lenses. 

0.20 m. 

0.32 m. 

f>.OO m. 

HuNNEBERG AND HALLEBERG. These small hills lie at the 
south end of Lake Vanern. The general succession is 



DIA BASE 

CAMBROVICIAN 

CALEDONIAN GEOSYNCLINE 

Lower Didymograptus shale 
Ceratopyge limestone and shale 
Dictyonema shale 
Olmus shale 

Hiatus and Disconformity 
Mmm.E CA:v1BRIAN 

Paradoxides Shale 
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Sands tone ( Lower Cambrian? )  
The interruption between the Ole11us and Grusia beds 

ts still in dicated though less obvious . 

Nm·thern Szveden 

N.ARKE In the Province of Nårke ( Latorpsbruk) the 
successwn 1s also incomplete. 

Resting disconformably on the Exporecta con glomerate 
of the M iddle Cambrian is shale with Agnostus pisifm'mt·s, 
followed by shales and " Orsten" with Olmus (O. transversus, 
O. gibbostts O. wahlenbergi, O. truncatus ) .  Then comes 
a disconformity followed by alum shale with orsten con­
cretions enclosing the fossiliferous zones from Ctenopyge 
flagelltferu an gusta and Protopeltura præcursor ( 5c) to 
that of Parabolina spinulosa ( ne) 

Another discon formi ty cuts out the higher bcds, the 
Glaucon ite l i mestone ( Ceratopyge horizon ) and the Lower 
Ordovician ( So-called Orthoceras limestone) follows. 

The Orusz"a zone is cut out, and elsewhere in Nårke 
it and even the Olemts zones may be replaced by thin con­
glomerates. 

DAI.ARNE. The series of fault blocks of Palæozoic 
rocks, preserved within the granite mass in the vicinity of 
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Siljan See, is one of the most significant as well as readily 
accessible areas. This we were enabled to study in the 
summer of l \HO under the ex pert guidance of Pr of. Carl 
Wiman, and Dr. Elsa Warburg.l 

The succession according to Warburg is as follows in 
descending order, modified by the introduction of my clas­
sification. 
S!LURIAN 

Upper Graptolite Shales 
R etiolites shales 
Rastr·z"tes shales 

Leptæna limestone , partly replaced by 
chiopod shale or k1ingkalk. 

( This is included by Warburg in 
Ordovician) 

Hz",lfus and Discmzformz"ty 

0RDOVJCIAN 
Trz"nucleus shales 

4. Red Trz"nucleus shales 
3. Gray limestone 
2 .  Blctck Trinucleus shales 

bra-

the 

l. Masur limestones or Knyckekalk 
Chasmops Hmestone 

2. Macrurus limestone & shale 
l . Echinosphærites limestone 

Orthoceras lz"mestone (Restricted) 
Upper gray Orthoceras limestone 

l O m. 
20 m. 

l ;) m. 

5-9 m. 
6 m. 

9-15 m. 

9-1 o m. 
15-18 m. 

1 Elsa Warburg. Geological description of Nittsjo and its environs 

in Dalarm�. Guide 21, Xlth International Geo!. Congress, Ex­
cursion 1. Gcol. Foren. i Stockholm Forhandle. Bd. 32 Hiift 2, 
Feb. 1910, pp. 425-450 2 maps. 



CALEDONIAN GEOSYNCLINE 

2. Ancistroceras limestone 
l. Chiron or Centaztrus limestone 

Upper Red Orthoceras limestone 

�. Platyurus limestone (Cl a) 

Contains: 

Asaphus platyurus Ang. 
Endoæras belemnitij'orme Holm 

1. Gigas limestone (BIII7) 
with Megalaspis gz'gas 

Lower gray Orthoceras limestone 

Asaphus expansus limestone (BIIIfi 
& Bllla) 
These beds contain the f ollowing 

spec1es 

Trilobit:c1. 

Asaphus expansus Wahl. 
Asaphus vican'us Tqt. 
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5 m. 
5 m. 

1 3  m. 

12 m. 

8 m. 

Megalaspis polyphemus tornquis.ti Schmidt 
Illrenus esmarki Schloth, 
Nileus armadz'!lo Dalm. 

Brachiopoda 
Ortlu's callactis Dalm. 
Orthisina ascendens Pand. 
Lycophoria 1zttcella Dalm. 

Gastropoda 
!Jucanz'a plmzm-bz'.formis ( Linrs.) 
Salpingostoma cristatum ( Linrs.) 
Lytospira a1lJ[ehni Lindst. 

Cephalopoda 
Vagi1zoceras vaginatum ( Schloth.) 
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Hiatus and Dz"sconformity 

CAMBROVJCIAN 
Megalaspis limestone 

Lower Red or Limbata l imestone 
Megalaspis limbata Boeck 
iVz"obe lævz"ceps Dalm. 
Nileus armadillo Dalm. (var.?) 

Green o r  Planilimbata l i mestone 
Æfegalaspis plamlimbata A ng. 

Ceratopyge beds 

3m. + 

� m.+ 

Ceratopyge Limestone 0.14-0.16 m.+ 
Obolzts f ragmc nts 
Lycophoria lævis S tolley 
Eoo1'this christianiæ Kjerulf. 

Glauconite San d  0.1 m. 

Obolus conglomerate O.l 5-0.SO m. 
Obolus apo!linis Eichw. 

Hiatus and Unconfonnity 

PRECAMBRIAN GRANITE 
Weathered granite 0.1-0.4 m. 
F resh gran i te -------

The Obolus conglomerate is more of ten a mass of . 

crystalline sa n d  derived from the w eatheri ng of the under­
lying granite or gneiss and represents the re-worki ng of 
the products of weathering on the old land surfa ce by the 
transgressing Cambrov icia n Sea. T he relationships of these 
beds is s hown in the following se ction in the rai l road cut 
near Sjurberg, abont 4.5 km. N. W. of Rattv i ck taken 
f ro m  my field note book (Text-Fig. 4) Here the to p of 
the gran i te basement consis ts of O.l to 0.4 meters of 
weathered grani tic material, wh ich passes upward i n to an 
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irregular bed of fine conglomerate, mostly with quartz 
pebbles and granite fragments and contains the phosphatic 
fragments and entire shells of Obolus apollim's Eichwald, 
and grains of phosphatic nodules. This is the Obolus con­
glomerate (Ungulite sandstone) found in many places at the 

Text-Fig. 4. Sect ion of the Lower Ordovician Formations in the Rail­

road cut near Sjnrberg. in Dalarne, Sweden (A.\V.G. 

1910) the Palæozoic beds are faulted into the granite 

mass. At the base is fresh granite, which upwards 

becomes decornposed granite and is succeeded by 

0., ObtJlzts conglomerate C. Ceratup;•ge limestone 
G. Glauconitc sand. P. PLmilimhata limestone 

L. Limbata linJ('stone 

base of the Cambrovician of this region. It ranges m 
thickness from 0. 1 f> to O. 80 m. and passes upward into a 
glauconite sand of about O.l m. thickn ess, which also contains 
fragments of these shells, and which in turn is succeeded by 
gray somewhat glauconitic limestone, the Crratopyge Bed. 
This is characterized by Lycojhoria lævis Stolley, and also 
has furnished Eo01' this christianiæ, while small fragments 
of Obolus still occur. Ceratopyg-e itself has not been 
found. 

The Ceratopyge limestone passes without break in to 
the Planilimbata limestone and this into the Limbata lime-
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stone. These beds represent co1 1tinuous calcareous sedimenta­
tion, the material being a typical calcilutite. Organic re­
mains are exceedingly rare in this limestone. The section 

is terminatcd by a fault. 

The section in the Siljan-Sl�e District shows a well 
marked hiatus between the .!Vfeg-alåsjis and Asajhus lime­
stones, the former reprcsenting the horizon Bila of Laman­
sky 's Baltic shore section and the latter his horizon BIIIa 
& BIIIj9. His  divisions BUj9 and Blir of the east Baltic 
region are absent here and the hiatus is even grea ter than 
it is 111 th e region near St. Petersburg . 

A section at Skattungbyn in the northern margin of 

the ring of the Palæozoic strata which form the nearly 
c ir cular valley , part of which is occu p ied by Siljan Lake, 
shows a ra ther remarkable variation from the more souther­
ly sec tion. This lies about 40 km. N. W. of Rattvick. 

The section has been described by Tornquist, Warburg and 
Holm. The base of the section here is formed by a bed 
of limestone l ft. in thickness, resting directly upon the 
porphyry and enclosing angular fragments of it. This bed 

is regarded by Wiman as representing the Ceratojyge lime­
stone. It is succeeded by green P!tyllograptus shale, with 
interbedded layers of limestone. The shales contain the 
following graptolites. 

Tetragraptus serra Brongniart 
Tetragrajtus quadribrachiatus Hall 
Tetragraptus curvatus Tornqu ist 
Ph�-vllograjtus ciensus Tornquist 
Dichograjtzts octobrachiatus Hall 

· Did ymo grajtus minutus T ornquist 
Didymograptus gr,uz"lis Tornquist 
Didymograptus decens Tornquist 
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Some brachiopods also occur in these shale. The 
enclosed limestone layers have furnished according to Holml, 
the following trilobites. 

Pliomera tornquisti Holm 
Me,ralaspis dalecarlica Holm 
Niobe læviceps Dalman 
Ampyx pater Holm 
Ag11ostus tornquis ti Holm 
"Trilobites" brevifrons Holm 

In this section the Pyllograptus shale replaces the 
Planilimbata limestone, of which a few extensions remain 
in the interbedded limestones. Among the trilobites c.btained 
from these beds Nt'obe læviceps is characteristic of the 
Lowest Baltic horizon (Bila ) . As this section li es to the 
north of the one in which the Planilimbata limestone is 
fully developed and therefore nearer to the old shorc, it 
fully harmonizes with the interpretation of the graptolite 
shales as shore deposits. 

jA.MTI.AND. Farther north in Jamtland, the true Ortho­
ceras limestonc, that is, the Middle Ordovician Asaphus 
beds overlap the older rocks and sometimes lie directly upon 
the old crystallines. In a few places however, as between 
Brunflo (Long. 150, 5' E., Lat. ();r·, 5' N,) and Oestersund, 
( Long. 140, 48' E., Lat. ()30 l f/ N; ) the Megalaspis 
limbata limestone is still present, fo1lowed disconformably 
by the Middle Ordovician Asaphus limestone. 

The Limbata limestone is here included with the 
Asaphus, the Gigas and the Platyurus limestone under the 
general name of Orthoceras limestone, which in this section 

1 HJtm G. Uber einige Trilobiten aus dern Phyllograptusschiefer 
Dalekarliens. Bih. K. V. Akad. Hand!., Stockholm 1882, Vol. VI, 
No. 9. 
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has a total thickness of 37 cm. Bearing in mind, that 
between these higher clivisians and the Limbata limestone 
which represent Bllr1. of the Baltic section, therc is a ma rked 
hiatus, it is evident that the true Ortiloceras limestone can 
be represented here by only a slight thickness. In Delarne 
the three d ivis ions referred to have a thickness of only 30 
meters and although it is probable that on ly the highest bed 
of the Asap,'tus limestone BIII/1, is here represented, there 
is no escape from the conclusion. that if the Gigas and 
Platyurus Ilmestones are also present here they have been 
reduced from a combined thickness of 2 5 m. in Dalarne, to 
one very much less than half a meter in this northern 
sec tion . At some other localities however the thickness is 
much greater being about 90 m. (Klovsjo, and Sb.langen). 

In some localities again , as at Nackten Lake between 
Skarland and Skalangen, Phyllog-raptus shale is founcl 
underlying the limestone, and containing in addition to the 
other graptol i tes. 

Clonog-raptus tenellus Linrns. 

It is underlain by beds identifiecl as Ceratopyge lime­
stone, these at Tossasen containing Eoorthis ch?-istianiæ, 
Niobe læviceps Ang. and Cyrtometopus cf. faveolatus Ang. 

From another locality, Klovsjo, these limestone beds have 
furni shcd . 

Niobe insig-nis Lrs. 
Megalaspis steno1'hachis Ang. ? 
These beds are preceded by shales and some orsten 

of Upper Cambrian age in which Westergaard (loe. cit. p. 93) 
has recognized the following zones. 

Zone 6 with Parabolt'na jemtlandica 
Zone 5c with Peltura scarabæoides 
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lZone 5b with Peltura mz nor 
Zone 5a with Ctenojy ge .fla�:ellifera and 

Protopeltura præcursor 
l Zone 4 c with Eurycare angustatum 
Zone 4b with Eurycare fatum and 

Leptoplastus ovatus 
Zone -la with Leptoplastus mznor 
Zon e  3 with Parabolina spimtlosa and 

Grusia lenticularis 
Zone 2 with Olenus 
Zone 1 with Agnostus pisz/ormis 

Hiatus and Disconformity 
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Sub.formation Middle Cambrian Exporecta conglomerate with 
Billingsella exporecta. 
The thickness of the Upper Cambrian of Jamtland 

varies from 2 meters on Lake Storsjon, to 19 meters in 
Angermanlan d ( about 650 N. lat. ) 

Olenus beds, and those with Peltura scarabæoides and 
Shærophthalmzts alatus are also found in Stenscle, and beds 
with cJlenus truncatus and Agnostus piszformis obesus in 
Wilhelmina parishes. Scattered remains of these horizons are 
also found in other parishes of Lapland. The strata in 
Jamt1and are aften folded and more or less metamorphosed. 

It is evident that the Scandinavian Old-Land had a 
somewhat irregular surface, over which the transgressing 
Cambrovician Sea spread its terminal transgressive layers 
in a patchy way, as is shown by the varia tion in the horizon 
of the basal bed at the several localities, c: nd the variable 
thickness of the series. 

Again during and a fter the Cambrovician retreat, 

1 This zone is not recognized in Klovsjo but occurs elsewhere in 
Jii.mtland. 
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erosion must have modified this surface to a considerable 
extent, so that the returning Middle Ordovician Sea left its 
deposits vn various older horizons, sometimes even directly 
on the crystallines. 

Where same of the older Limbata limestone remains, 
the contact with the succeeding bed might easily be obscured. 
As a matter of fact the lower bed of the transgressing 
Ordovician series, usually the Asaphus bed, might be in 
part composeci of the fine debris, left on the surface by 
the disintegration of the older li mestunes, and as a result 
the contact between the two might have the appearance of 
a transitional one and even weathered-out fossils of the 
older series might be endosed in the younger. 

This is probably the reason why the break within the 
so-callcd Orthoceras limestone, has so seldom been re­
cognized and depends generally for determination on the 
faunas of the two adjoining beds. 

Oeland 
On the island of Oeland dose to the Swedish Main­

land, the Cambrovician series is very scantily represented 
especially in the northern portion. In the southern part of 
the island the Cambrovician has th� following succession 
(the Cambrian according to Westergaard loe. dt. p. 33). 
In descending order: 

SuPERFORJ\IATJON Ordovician Asaphzts limestone 

liiatus and Disconj"o1'mity 
CAMBROVICJAN 

L. Ordovician 
Limbata limestone 
Planilimbata limestone 
These two carry the fossils found in them clsewhere. 
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Tremadoc 
Ceratopyge shale and limestone with 

Shumardia p usil!a Sars 
Ceratopy ge .for (iettla Sars 

Dictyoncma sha!e with 

Dictyonema Jlabel!i.forme 
Upper Cambrimt shales with orsten beds and 

concretion 

6. Zone of Parabo!ina heres 1. l m. 
b. Subzone of Parabo!ina heres 
a. Subzone of Pe!tura cornigera 

5. Zone of Peltura, Sphærophthalmus 
and Ctenopyge 2.1 m. 
d. Subzone of Parabolina !ongicornis, 

Agnostus rudis holmz· and 
Pe!tura scarabæoides. 

c. Subzone of Pe!tura scarabæoides, 
Sphærophthalmus alatus and 
S. majusculus 

b. Subzone of Peltura minor, 

P. scarabæoidcs acutz'dms and 

Sphærophthalmus major 

a .  Subzone of Ctenopy ge flagel!z'.fera and 

Protope!tura præcursor 

4. Zone of Ezwycare and Leptoplastus 0.3 m. 
3. Zone of Parabo!ina spinulosa and 

Grusia lmticu!aris 1.a m. 

2. Zone of Olenus 
c. Subzone of Olums rotu?Zdatus 
b. Subzone of O/mus truncatus 
a. Subzone of Olenus gibbosus 

1 .fl m. 

263 

�.2 m. 
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l .  Zone of Ag-nostus pisiformis 2 . 8  m .  

Hiatus and Disc01zjormity 

SuBFORMATION: llfiddle Cambrian, Exporccta Conglome­
rate . 
In northern Oelan dl a t  the shore cl i ff known as 

Aleklin ta about 1 f> k m .  north of Borghol m and between 
this and D j upviks f> km. fur ther north ,  the O!enus sha1e 
is only 0 . 9  to 1 . 5 m. th i ck as compared with n early 1 O 
meters in South Oelan d .  It represen ts only the Ag-nostus 
piszjormis zon e .  Below th i s  shale fo11ows a dark ferrugin­
ous a n d  argil laceous li mestonc n ot much more tha n  hal f a 
meter in thi ckn ess often w ith a cong1omerati c base ( Wester­
gaa rd ) . D i s confo rma bly benea th th is ,  l ie the Paradoxides 
tessini beds,  the Dav i d i s  a n d  Forchha mmeri  beds being 
wanting. "These Tess i n i  becl s are more o r  less of a sandy 
character, i n  the uppcr pa rt ,  ben eath wh ich in turn l ies a 
dark crys tall i n e  l i mestone, the two together having approxi­
ma t el y a th ickness of one meter or s1ightly more. The 
l i mestone wh i ch is sti ll a part  of the  lVIicl clle Cambrian ,  
rests in  turn upon a dark congl omera te, benea th which 
san dstone forms the remai n der of the secti o n .  These beds 
a r e  proba bly Lower Ca m b r ian , t he con g1omerate marking 
the h iatus bE'tween them an d the lVI idclle Cambr ian . "  

D i rectly above t h e  O!mzts :ohale o f  Alekl i nta i s  a layer 
of da rk green glaucon i te san d ,  � O  c m. th i ck ,  and carrying 
concretion s wi th Ortlzis cf .  c!wistianiæ i n  the upper part. 
This i s  correlated by von Huene, with Laman sky ' s  Bla.  

Next ab ove · the green- san d  are gray l i meston es, be­
comi n g  green i sh upward s an d hav i n g a thi ckness of 2 meters .  

l F.  vo n .  H t t e ne .  Geol()g i sche Not i ze n  aus Ocbnd und Dalarne 
Centralbl a tt fur Mineralogi c  Geolog i c  und Palæontolog ie  1904, 

p.  450 461 , 6.  Text Figs. 
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This l imestone consists of sevcral stra ta separa ted by 
glauconi ti c marl laye r s .  The Jower gray porti on represents 
the Cera topyge horizon. It con tains pygidia of Niobe and 
Asaphus aff.  lepidurus .  Discountin g  thi s  prelimin ary 
specific iden tifi ca tiun as that species belongs to a higher 
horizon, we are p robably here dealing with the horizon of 
Me;ralaspis p!anilimbata, which seerns to be insepa rable 
from the Ceratopy:;e limeston e  as it is at Odegarden. It 
is f ollowed i mrned iately by the :!VIegalaspis limbata lime­
s tone, usually called Lower Red "Orthoceras Limesto n e" 

but entirely distinct f rom the true Orthoceras Limeston e 
which belo ngs to the M iddle Ordovician . 

The succession in descending order rnay be summariz­
ed as follows . 

Ale!.:linta Section , Ocland 

CAMBROVICJAN 
5 .  Limbata li rnestone .  Lower Red "Ortho-

4. 
3. 

2 .  

l .  

ceras" 1 i mestone. (partly exposed ) 
Planilimbata lirnestone Green limest0ne } 
Ceratopyge limestone, wi t h  glauconi t i c  rna rl 5 
l ayers 
Dark-green, glauconitic l ayers with concre­

m .  

tions containing Orthis chrisHaniæ 0 .2 m. 
Olenus shal e. (Agnosflts pisiformis bed, 
shale and l i mestone with basal conglo-
mera te 

Hiatus and Discon(ormity 

1. 5  m .  

Su flFORMATION : M i dd l e  Cambrian Paradoxides tessini shales 
A second section wa s exa mi ned by von Huene at 

Koping near Borgholm. Here the Olenus shale, the lowest 
expvsed bed, i s followed by 0 . 5  m. of gl auconite sand, 
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wi th soft shaly grayi sh brown clayey l i meston e  at the base, 
frequen tly more or less comp osed of shells and broken 
fragmen ts of Obolus apollinis, together with 2 small species 
of Lingul oid shells and an Acrothcle . The character of 
the rock, wi th i ts shel l s  m o s tly broken , suggests ,  though it 
does not p rove, te mporary e mergence.  It  will  be recalled, 
that Scupin, has gi ven evidence for the con temporaneous 
deposit ioo of th e  Obolus and Dictyonema beds a n d hence 
the Obolzts bed of the p resen t secti on together with  the 
followi ng green san d may represen t the Dictyonema hori zon . 
The glauconi te san d i s  fol l owed by 8 0-9 0 cm.  of gray 
J i mestone, with in terbedded layers of glaucon i te sand in the 
I ower part. 

This glaucon it ic  1 i meston e, whi ch p robably rep resents 
the Ceratopy;:e hor i zon con tai n s  in its ba sal layers large 
i rregular brown phosphori te rock masses, and with them 
o ccurs Orthis cf. parva Pan eler. Thesc beds are succeeded 
by 5 to () meters of thi n -bed ded red Megalaspis l imestone, 
with M. plan.ilimbata Ang. , M. limbata Ang, Niobe læviceps 
( Dalman ) an d  n u merous Orthis christianiæ, the l a tter 
chiefly at  the base, where the l imeston e is d a rk-vi olet-red, 
dark-gray ar, d yel low, a n d  con ta i n s  an thracon i te an d shows 
more or less corroded beddi ng plan es.  Summarized we 
have the following i n  descen di n g  order 

Section at J{ojing mar Bor gholm ( according to von 
Iluene) 
CAMBROVJCIAN 

Red Meg-alaspis l i mestone f> -6 m 
A n thraconit ic  l ayers wi th Orthis clzristianiæ 
Glaucon i te Ceratopyge li mestone 0. 8 - 0. 9 m 
Glancon i te san dstone w i th Obolus l imestone 

at bas e  0. 5 m 
Olenus sha1c, ba se n ot exp osed. 
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Westergaard gives the fol lowi ng detai led sect ion for 
the Kopi n g  reg i on n ear Borgholm ( loe .  c i t .  p 3 G )  
C ambrovz'cian 

5 .  Red glauconitic Planilimbata limeston e , 
about 1 . 0 m .  

4 .  Red-brown Ceratopyg-e l imeston e with 
glauconi te grain s, about 

3. Glaucon i te shale ( Ceratopyg-e shale) 
w i th l imeston e len ses and bitumin ous 
alum shale, about 

2 .  Alum shal e  with Dictyoncma flabelli-

l .  

.forme norvc gicum 

Hialus and Disconformit;• 

Upp er Cambrian limestone with 
nostus piszfm"mis Lower porti on 
glomeratic 

H·iatus and Discmiformz'ty 

max.  

con-

O. f> m .  

l . G m. 

0 . 5  m . 

o . :i - 1 . 1  m. 

Æ:fz'ddle Cambrian. Shaly sandstone of the Paradoxides 
tessi1ti zon e  
In the glaucon itic sha1e (hor . 3 ) the following bra-

ch iopods have been foun d : 
Brogg-eria salteri ( Holl ) 
Lingulella .ferruginea Salter 
Lingulella lepis ( Salter) 
Acrothele borgholmC1tsis Waic. 
Acrob'eta secbachi \\Tal e. 
Eoorthis christz'aniæ (Kjerulf) 
Regarding the Cambr i a n port i on of th i s secti on Wes­

tergaard says , " Above the clay shale wi th i ts th in beds of 
sandstone (the Paradoxides tessini zone) rests a bed of 
stinkston e conta in i ng Ag·nostzts pz'szformz's . In the lowest 
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part of the sti nkstone there is a greeni sh limestune and a 
thin conglomeratic J ayer, replacing the zones of Par. forch­
hamm-:ri and A.rnostus lævt�!{atus . At the upper surface 
of the stinkstone is to be seen another conglomerate, re­
plac ing the ma i n  bed of the Olenidian and the main part 
of the Dictyog-raptus shale. The overlying bed of alum 
shale (at Koping Kl int, glaucon i tic shale with thin layer' s  
of alum shal e) conta i ns  in  the very bottom stratum, in 
several localities, Dictyonema flabelliforrne norvegicum the 
characteristi c fossil of the uppermost part of the Dictyo­
graptus shale. Thus the upper and main part  of this bed 
of al u m shale is looked upon as Ceratopyge shale. 

" I n  the cement of the upper conglomerate, as well as 
in pebbles of stinkstone which are sometimes confluent with 
the cement, occur A.rnostus piszformis, A .pistjormis obestts, 
Olentts gibbosus, Orusz'a !enticularis, Peltura scarabæoz'des and 
Sphærophtha!mus alatus . "  (Loe. cz't. p. 1 89 - 1 �) Q )  

As a rule the fossils of a given zone occur together, 
the others occur  by themselves .  This conglomerate thus 
indi cates that there has heen a considerab!e amount of 
destructi on of the Upper Cambr ian beds of which a num­
ber of zones were originally present. The fragments of 
the several horizon s have been gathered in the conglo­
merate befare the deposi tion of the uppermost Dictyo­
groptus shales with Dictyonema j!abellzjorme norvegicum. 
This indicates exposure and subaerial destruction, rather than 
submarine, and this corresponds essentially to the beginning 
of the ret reatal movemen t which, as we have seen , is else­
where marked by the occurrencc of a local hiatus. A t  
present the evidence scems to suggest rather a minor 
oscillation than a great movement of in terpulsati on magni­
tude. 

North of Dj upvik ha rbor, at Horn Point, only one 
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thi n conglomerate with pebbles of orsten an�l ph osphori te 
noclules separates the Paradoxz"des tessz·m: beds from the 
glaucon i ti c  Ceratojyge shal e.  In the cernen t of thi s  con­
glomerate fossils from the upper Parado.xz"des and Olenus 
beds occu r .  Her e  toa Obolus apollinis i s  not infrequen t, 
associated sometimes wi th Agnostus pisi.formus and same­
times with Olmus. 

Deep bori ngs  on Gotland Islan d  show tha t Olenidian 
and other al um shales  are absent,  ::ts shown by a deep bor­
ing at Visby.  In the following Table (J-Il) th e di stribution 
of the Upper Cambrian Trilobites of Sweden i s  gi ven . 
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IsLAND oF BoRNHOLM 

Aswe have seen (Vol. I) the Middle Cambrian of Bornholm 
is succeeded with apparent conformity, by the Olenus beds of 
the Upper Carnbrian which here form a series of Alum shales 
15 m. in thickness. That the Upper and Middle Cambrian 
are however, separated by a hiatus wil1 hardly be questioned, 
when the conditions in the surrounding regions are taken 
into account and when it is recall�d that the Upper Cam­
brian everywhere represents a n�newed transgression. Six 
zones have been recognized by Gronwalll in this shale, 
these being as follows in descending order: 

of 

Zone· 6 with Peltura and Sphærophthalmus 
Zone 5 with Sphærophthalmus 
Zone 4 wi th Leptoplastus 
Zone 3 with Parabolina and O rus i a 
Zone 2 with Olenus 
Zone l with Ag·nostus pisiformis 
These zones theref ore correspond very closely to 

Sean i a. 

those 

The Olenus shales are followed by beds with Dictyone­
ma 5 111. in thickness and these by Meg-alaspis lirnestone. 
The Bryog-raptus and Tetrag-raptus zones are either re­
presented by the Meg-alaspis li111estone or are absent. 

The Meg-alaspis limesrone has a thickness of 4 111. 

and its basal portion consists of a thin dark glauconitic 
limestone layer, with 111uch pyrite and nu111erous phosphatic 
nodules, contamtng sponge spicules. Desiccation fissures 
1n the underlying shales are represented by ridge-like 

1 Gronwall, K. A. and Mi!thers, V. Descriptions of the Geo!ogical 

Map of Denmark, Map Sheet Bornholm. Denmarks Geologiske 

Undersogelse I Raekke. No. 13. 
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markings in the under side of the limestone. These features 
certain ly suggest exp osure and an unrepresented interval. 

The main part of the llfe galas pis l imestone , is gray, 
somewhat nodula r, with l O to 15 per cen t of clay. It 
has yielded Me ga!as pis !imba ta Sars and Boeck, Ptycho pyg�' 
applanata Ang. Symphysurus palpebrosus Dalman and Ni !cus 
arm adi !!o Dalman. It is not clear whether any part of the 

lower portion of th is limestone, represents the Plan ilimbata 
division, nor is the Cer atajyge limestone known , though 
this may be represented by Dictyon em a  sha1es. In any 
case, the slight development of the formations, Olenus sha1e 
15 m. Dict;•o mmas sha le 4 m., the Me galas pz's limestone 
4 m. is a very insufficient representation of the Cambro­
vician and though it represents only the wedge-Jike end of 
the series, it is highly p robable that it includes several 
min or d isconf ormities . 

The limestone is succeedecl by the Dz'cr ano graptus 
shale, the equivalent of the Lower Hartf ell of Scotland i. e. 
late Middle Ordovician. Thus the Ca mbrovician-Ord ovici an 
hiatus is greater here than it i s  in Sweclen, which may 
be partly due to overlap of later an d partly to inter-syf>tcmic 
erosion of the older beds. 

Tru: OsLo OH. Cruns1'JANJA REGION OF NoRWAY 
This region is of ten taken as typical 1 or the west 

European early Pa1æozo i c  success i on but it Is no more 
complete, than those further to the east. 

As we have seen ( Vol. I. p. 386, IV, p. 58 2). The 
Forchhammeri zone of the Midclle Cambrian is succeeded by 
the zone with Agnos tus pisijm'mis and Olen us trun catus , 
the wne of Agnostus lmvigatus be ing a pparently unrepre­
sented. The followi ng is the succession of the Cambro­
vician beds i n this region in descending order . 
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Su ccessio n in the Oslo Regh•1z. 

SUPERFORMATION 0RDOVICIAN (Etage 4 & 3c T -f1) 700 ft. 
4d. Iso teles be ds .  Shales and limestonc with 

Iso tele s gzgas , Tr inucle us se tz'co rnis 
Ampyx te tr agmzis etc. 

4 c. Tcinucleus s hales . Sha1es and con­
cretionary limestones, with the second 
and third species as above and with 
Asaphus lævigatus and other trilobites, 
Diplo grajlzts pr z'stis and Clz'maco gr aptus 
in the lower part. 

4b. Cha smops Bcds . Calcareous above, shaly 
below with Chasmo ps and other trilobites 
and Echino sphær ites aur entz' um. 

4aT Ampyx Limesto ne Concretionary lime­
stones with Ampyx r os tr atus and 
Ec hino sphæn'tes aure ntium, Nilcus 
a1'madzllo etc. 

4af1 Ogygia shale with Ogygia dilatata and 
other trilobites. 

4ar.c Upper Dz'dymo gnr-ptus s hales , with 
D. gemz'nus , Climaco graptu s s hm-e ?z­
ber gi, etc. 

3cT Or thocer as lime stone , ( sens. strict.) with 
Endoceras etc. & Me galas pis gzgas & 
Asaphus platyur us 8-13 ft. 

3ci1 Expansus limes to ne s with Asaphus ex-

pansus etc. l O-I 5 ft. 

H-iatus and Dis conj'o rmi ty 

( Characterized by layers of phosphori tes ) . 
CAMBROVICIAN 

C. Lower Ordovician Division (Etage 3ca & 3b) 
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:ka. Megalaspis Limes ton e, with Megalaspz·s 
lim(la ta etc. 3-4 ft. 

3b. Lower Didymo gra ptu s s hales o r  

Phyllo gra ptu s  s ha les , with some trilo­
bites like those below and the following 
graptolites. 8-80 ft. 
Dicho gra ptu s oc to brachia tus 
Tetragra ptu s  bryo no ides 
Tetra graptu s ca d ttc eu s 
Did y mo graptu s patulu s 
Didymo graptu s extens us 
Did ymo graptu s co ns tricftts 
Did ymo graptu s v:frac tus 
Di d ymo gra ptu s bifidus 
Phyllograptu s typus 
Phyllo graptu s angus tifoliu s 

B-Tremadocian Series (Etage 3a & 2e) 
i3ar. Ceratopyge limestone 3-5 ft. 

Contains the following species. 
(:eratapyge fo rfic ula 
Cheiruru s faviolatus 
Remopleuride s  dubius 
Amphio n primigmius 
Triarthrus a Jzgelini 
Paraboli nella rugo sa 
Dice lloce phalus.'f angus tic auda 
Euloma o r natum 
Symphys urzts angus tatus 
Nio be insignis 
Nile us limbata 
Agnos tus s iede nbladhz" etc. 

3af:?. Ceratopyge shales 20-23 ft. 
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Altemating shales with limestone lenses and a senes 
of black graptolite beds , especially in the upper part. These 
have furnished the following rich graptolite fauna,! 

Dictyo grajtus flabl!ijormis (Eichw. ) 
Dictyograptus flabellzformis Eichw. var. norvegzca 

Kj erulf. 
C fono graptus tmellus Linnarsson 
Cl01zo graptus tenellus callavei Lapworth 
Ltonog·raptus ( Staurog·raptus.9) heres Westergaard 
Clonograptus cf. hians Moberg 
Bryo graptus ramosus Brogger 
Bryograptzts broggeri Monsen 
Bryograptus hunnebergensis norvegica Monsen 
Bryognr,jlzts aff. lzunnebergensis Moberg 
Trichograptus (Bryograptus) retroflexus Brogger 
Dichograptus.9 sp. 
Tetragraptus holderupi Monsen 
Trio graptus osloensis Monsen 
Didymograptus kia1ri Monsen 
Didym(}graptus kiæri regulan·s Monsen 
Didym(}graptus norvegicus Monsen 

• 
Two subzones are recognizable according to Monsen. 

Subzone b, with Didymog7'ajtus kiæri, Bryo­
graptus lzunneber gensis and Cl01zo­
graptus lene!! us. 

Subzone a, with Bryograptus ramosus, B. brog­
geri and Trio graptus osloensis. 

Besides the graptolites a few brachiopods occur includ­
mg Eoorthis christianz·æ ( Kj erulf) and poorly preserved 

1 Astrid Monsen. Uber Eine Neue Ordovicische Graptolithen 

fauna. Norsk geologisk tidsskrift. Bd. VIII, 1925, pp. 147-187, 

4 plates. 
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fragments of Ceratopy ge .for.ficula Sars and a spec1men of 
Hz.rztdopsz.·s koepingesis Moberg & Segerberg. 

3aa. Symphysurus shales and limestones 
With : 
S ymphysurus incipiens 
C y c! o gnathzts micropy gus 
Paraboline!la limitus 

2e. Dictyonema shales C now more genera li y 
classed with 3a) 
With: 
Dyctyonema flabe!!i.forme 
Bryograptus kjerul.fi 
Obo! us ( Bro ggeria) salteri etc. 

1-20 ft. 

A. Up per 

2d. 

Cambrian Series! about 120 ft. 

2dr. 
Peltura niveau 
Upper part with 
Peltura ( Cyclogn'lthus) costata 
Peltura C Cyclognathus) transiens 
Parabolina heres 
Bæckia hirsuta 
Middle part with 
Peltura scarabæoides 
Peltura scarabæoides acutidens 
Peltura minor 
Sphærophthalmus a!atus 
Sphærophthalmus majuscu!us 
Ctenopy ge ( ? ) lo bata 

2da. Lower part with 
Peltura b·identata 
Peltura p!anic auda 

Protopcltura præcursor (P. acmttkura) 

l See Westergaard, loe. cit. p. 110. 
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Ctenopy ge .flagel!�fer 
Ctenopy ge flage!li.fer an gusta Westergaard 
Ctenopy ge spectabi!is 
Ctenopyge tumida Westergaard 
Leptop!astus broggeri Holtedahl 

2c. Eurycare n iveau, with 
Eurycare fatum 
hzwycare angustatum 
Eurycare angustatum norvegzcum Holtedahl 
Leptop!astus ovatus 
Leptop!asftts ovatus exp!anatus Holtedahl . 
Leptop!astus !ongispinus Holtedahl 

2b. Parabolina spinulosa niveau with 
Parabo!ina spz"mt!osa 
Grusia !enticularis 

2a. Olenus niveau 

2a(3. Upper part with 
O!enus truncatus 
O!enus attenuatus ( = O. acu!eatus) 
Ag;zostus retz"cu!atus 
Agnosftts pisiformis obesus 

2ao. Lower part with 
Agnostus pisiformis 

Hiatus and Discon.formity 

SunFoRMATION: Middle Cambrian 

281 

Pm'adoxides forthlzammeri zone (See Vol . I, p. 394, 
IV. s89) 

SUMMARY OF THE BALTIC SECTIONS 

The Cambrovician 
Upper Ca mbrian a1um 
�<orsten" in Scandiavia, ' 

of the Balt ic  region begins with 
sha1es and f æ tid limes tones or 

but generally with Obo!us apo!!inis 
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sands or conglomerates in the Russian Esthonian region. 
V/here present the Upper Cambrian beds rest disconform­
ably upon various members of the Middle Cambrian while 
the Obo!us sandstone rests on Lower Cambrian or as in 
Dalarne on the pre-Cambrian crystallines. 

The Upper Cambrian is usually thin commonly less 
than l 00 ft. in thickness but nevertheless it presents a 

series of distinctive palæontological zones, which must 
probably be regarded as indicating successive faunal in­
vasions from the center of evolution. 

Compared with the British sections, we find that zones 
2 (Ta ble J-Il) correspond to the Maentwrog beds in which 
Ag-nostus pis:".formis obesus, O!enzts g-ibbosus and O. truncatzts 
occur. The Ag-nostus pisi.formis zone ( zone l) is aften 
overlapped in great Britain. The species of O!emts cited 
represent only the subzones 2a & 2b of Andrarum Scania, 
while subzones 2c to 2f are not represented except by the 
unfossiliferous lower Ffestiniog series. This great series 
of "Huangho" sediments marks an excess of deposition 
over subsidence and a consequent retreat of the shore line. 
This correlates with the evidence of emergence and frag­
mentation of the beds seen in so many of the Swedish 
sections and the distinct hiatus between the Ofmzts and 
higher beds so aften encountered. 

The higher beds of the Swedish Upper Cambrian are 
to be correlated with the British Dolgelly. This begins 
with the zone of Grusia !enticu!aris, Parabo!t"na spinu!osa 
and Ag-nostus cyc!opy ge all characteristic of zone :i of the 
Swedish succession. Beds with Ag-1zostus rudis and A. 
trisectus follow repre:senting zone 5b and beds with Pe!tura 
scarabæoz"des, Sphærophtha!mus a!atus, Ctenopyg-e bisu!cata and 
C. directa representing zone 5c of the Swedish succession 
(Table J-ll Cols. 6 and 7). The higher zones, ( 5d Col. 8 and 
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6 Col. 9) are not necessar ily unrepresented, except by 
their ty pical faunas , for according to all the characteristics 
of the section, deposi tion in the British region appears to 
have been continuous from Dolgelly to Tremadoc t ime, the 
hiatus there indica ted being between the Tremadoc and A renig . 

In the Baltic region on the other hand there appe ars 
to have been an interruption of seclimentation with perhaps 
some eros ion betwcen the U p per Carnbrian ( Dolgelly ) and 
Tremadoc series, so that locally some of  the higher Upper 
Cambrian beds as well as the lower Tre madoc are wanting. 

Elsewhere the renewed transgrc.ssion in Tre madoc time 
resulted in further overlap so that Obo!us apo!!in·is sandst one 
and conglomerate ( Ungulite sandstone etc. ) and Dictyoncma 
shales rest directly upon older rocks. As pointe d out by 
Scupin these two forma tions are very probably e quivalent 
deposits. 

In the Baltic region the hiatus between the Tremadoc 

and Arenig found in vVales is not indicated. Here the 
Ceratopyge limestone re pre senting Tremadoc, and the Mega!­
aspis beds rep rese ntin g Aren ig , appear to be in perfect 
sedimentary collformity. When not repre sented by limestones, 
the Arenig is wholly or in part repr esented by Phy!!o­
graptus shales. 

Throughout the entire Baltic region, the hiatus between 
the Lower and Middle Ordovician, indicating the Cambrovi­
cian-Ordovician interpulsation interval, is clea rly marked not 
o nly by such physical features as conglomeratic beds and 
layers of phosphate nodules but more especially by the very 
marked off-lap of the Lower Ordovician and over-lap of 
the Middle Ordovician beds. In the past the hi atus has 
generally not been recognized because of the fac:t that the 
strata on both sides are lirnestone. After its existence 
was de mons tra te d by the work of Lamansky howcver, i t  
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was not defficult to recogn iz e it in aU the Baltic sections. 
The name Or tho ccr as Limes to ne, formerly applied to the 
entire series, must now be restricted to the part above the 
hiatus i. e. the Middle Ordovician, as that is the portion 
characterized by the abundance of orthoceraconic cephalo­
pods ( Endoc cr as , Va ginoc er as etc, and Orthoc er as .) 

CAMBROVICIAN OF THE ST. CROIX REGION OF 

CENTRAL Por.AND 

We have seen in our discussion of the Middle Cam� 
brian of this region (Vol . I, p. 478, (Vol. IV, p. 674)) 
that beds of the Para do xides tessini zone (Sa) are suc­
ceeeded by coarse sandstones 8b, with Ellzpso cephelus poly­
tomus, Pa rado xides sp. and Lingulella sp, which evidently 
represent  the retreatal phase of the Middle Cambrian, bt�t 
can not be definitely referred to any one of the h igher 
zones .  These are followed disconformably by shales and 
quartzites withoqt f ossils1 9a and these by 9b with the 
Par abolina fauna and l O quartz ites with the Peltu ra fauna. 

The Upper Cambrian is well developed only in the 
northern portion of the St. Croix Ma,ssif. Here it con­
sists in general of clay shal<:s, with intercalations of sand­
stones or quart zites often mica ceous . The total th ickn ess 
of the Cambrian in the St, Croix Mountain is between 
1500 and 2000 meters as compared with less than l 00 m. 

in the Scandinavian regi on but I have so far been unable 
to find any record of the thicknesses of the sevP.ral div i. 
s!ons. Apparently the U pper Cambrian is the smallest por� 
tion of this series as it is also the most restricted in d is­
tribution. 

The fol lowi ng 3 subdivisions of the Upper Cambrian 
have been recogn i zed , the numbering here being thq.t 
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used by Bubnoff p. G31 and adopted in  Vol. l, (p. 
478).1 
U I'PEJt CA;vr:inuAN 

Division IO, Chabowe Beds. Clay shales and gray­
wackes, with a thin sandy Iayer containin g the followi n g  
spec1es: 
Trilob i tes 

1 . S phærophtha!mus a!atus Boeck 
2. Pe!tura scarabæoides Wahlenberg 
3. Parabo!ina mobergi Westergaard 
4. Pm-abo!ina longicornis Westergaard 

Brachi opoda 
l. Lingu!e!!a ferruginea Salter 
2. Lingu!e!!a cf. !epis Salter 
3. Aerob-eta k!onowkæ Czarnocki 

Hyolithids 
Tore!!ella sp. 

Trails etc. 
l. Cruziana sp. 
2. Planolites sp. (aff. Pl. congregatus Biil ings) 
3. Arenico!ites communis Czarnocky 

This corresponds to Zone 5 of Westergaard's d ivi sion 
of the Upper Cambrian of Sweden, the trilobites Nos l and 
2 of the above list be ing essentially typical of 5c of Sweden 

(2 also in 5d) No 3 appears in zone 5 b, No. 4 in 5d. 
Lingule!la fcrrztginea often forms shell beds, in  wh ich 

Acrotreta klmzowkæ is mingled in lesser numbers. The 
p resence of the numerous trails and bori ngs inclicate the 

t r Czarnocki. Le Cambrien et la Fanne Cambricnne de la Partie 

Moyenne du Massif de Swiety Krzyz (Ste. Croix). 

Compte-Rendu XIV Congres Geologique International 1926 (1927) 
pp 1-18. 
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general shallow water or even the continental character of 
most of thcse deposits. 

Division 9b.-Machocice Serz'es. Clay shales, wi th inter­
calations of rusty coloured sandstones a n d  quartzi tes.  The 
sandstones at the base of this series often contain a rich 
fauna of the following species : 
Trilobi tes. 

l. Be!te!!a samsonowiczi Czarnocki 
2. Parabo!ina acumi1tata Czarnocki 
3. Eu,rycare ( sp. nov. ) 
4. Lz'ostracus? mochocicemis Czarnocki  
5. Protoje!tura sp. 
6. Ctenopy ge f!age!!z'fcra var an gusta Westergaard 
7. Parabohna sp . 
8. Pe!tura sp. (cf. P. cormgera Westergaard

-

Brachiopoda 
l. Lz'ngulel!a .ferruginea Salter 
2. Grusia c!athrata Czarnocki 
3. Eoorthz"s radostowæ Czarnocki 
This division probably represents zones 3 an d 4 of 

W estergaard as noted by Czarnocky. The new trilobi te 
Belte!!a sansonowiczz· is the most abundant. It is comparable to 
Olenus (�ttenuatus of zone 2 of Sweden. The n ew species of 
Parabolina resembles both the older and newer species of 
Sweden . Liostracus machocicensis approaches especially L? 
superstes characteristic of the 3rd zone of Westergaard, in  
whi ch Protopeltura also occur . 

Grusia c!athrata is a dose relative of O. !enticularis, 
of the third Swedish zone. O f  the others the Eurycare is 
characteristic  of the 4th Swedish zone while Ctenopyge 
flage!lifera is typical of the basal part of the 5th zone. 
Pe!tura conzz'gera W estergaard on the other hand i s  re­
stricted to zone 6 i n  Sweden . It should be noted however 
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that the Polish specimens are doubtfully identified. On the 
whole then, the relati on is most c1osely with zones 3 
and 4. 

Division 9a. Basal sandstone. Shales and quartz ites 
wi thout foss ils representing the transgressing base of the 
Cambrovician , believed to be equivalent to the Olemts beds 
proper, zones 1 and 2 of Westergaard . Thi s  indicates 
overlap. 

There is an other zone in Sweden, zone G wi th Acero­
care and Cyc!ognathus (Table JII. col 9) whi ch apparently i s  
unrepresented b y  fossiliferous beds in the Poli sh region. 

On the whole, the Cambrian beds of the region and es­
pecially the Upper Cambrian,  are of the Flysch type, ac­
cording to Czarnocki ,  that is, they have the character 
of the Huangho deposits, though they are only slightly 
oxidized, w i th intervals of marine sub mergence during wh ich 
the fossiliferous layers were formed. In th i s  repect too 
the formation is not unlike the Middle and Upper Cam­
brian of the Upper Mississ ipi  Va1ley. 

Fin ally it must be noted that the Polish series re­
presen ts primarily the Dolgelly horizon of Great Br i ta in, 
the Ffestin og and Maentwrog being essen tially un represented 
except by the unfossilf erous basal sands of the series. 

Where the U p per Cambrian is absent, the Middle 
Cambrian or older beds are un conf ormably succeeded by 
the Ordovic i an. 

The enti re Ordovi cian of the St. Croix Massif does 
not exceed :-W meters  in th i ckness. 

"Everywhere in the Massif it i s  the lower part of the 
Ordovician which possesses the greatest extension . Its beds, ­
almost exclusive1y of sandy facies,- nowhere form a con tinu­
ous series of sed iments but occur in i solated patches, often 
with wide distances between then1 . Thi s  is a consequence 
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of the transgressive character of the deposits for it has 
been const itnted , that the O rdovician always reposes in 
discordance and in transgressi on on different hori zons of 
the Lower or Middle Cambrian . This discordance is al­
\Vays indicated by a basal conglomerate and by a consider­
able divergence in the di p of the Ordovic i an strata, these 
giv ing proof of the exister.ce of p re-Ordovi cian folds fonned 
most probab1y during the Upper Ca mbr ian" (Czarnocki pp.  
5 7 2 - 5 7 3) 1 .  

From the statemen t quoted above i t  would appear that 
the central Polish region suffered a folding of the older 
strata ( includ i ng Lower and M i cl dle Cambr i an ) , sometime 
during the interval characteri zed by the M id-Cambric re­

treatal movement (negative phase of Albertan pulsation ) 
and before the fi nal readvan ce of the Late Cambrian Sea 
(pos i t ive phase of Cambrovic ian pulsation ) . No direct re­

ference is made by Czarnocky to the relat ionsh ip  of the older 
Cambrian formations to the Late Upper Cambr ian beds, 
but we are led to infer that, were the contact exposed, it 

would be an un conformable one, while that between the 
Upper Cambrian and Lower Ordovician i s  conformable. 
Poss ibly the effect of the fo1 ding of the older rocks is not 
eviden t i n  the region where the late Upper Cambri an beds 
are found but the statemen t that the folding occurred in 
Upper Cambrian t i me would seem to i mply that it ante­
dated the depos i t ion of the later Upper Cambr ian beds. So 

far then as we are able to in terpret the hi story, renewed 

tran sgression took place after the folding and partial 

l J. Czarnocki : Le profil  de l'Ordovicien inferieur et superieur a 

Zalesi e pres Lagow compare u celui des autres regi ons de la 
part i e  ce ntrale du Mass i f  de S-te Croix. Bul l .  du Service 

Geologique de PoJ ogne Vol .  IV, liv. 3-4. 1928, pp. 569-581 .  
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erosion of the older rocks, this bei n g  first manifest in the 
central Polish region in late Upper Cambrian ti me, and 
contin ued into the early Ordov ic ian as shown by the over­
lap of these strata and their  unconformable contact with 
the Middle and Lower Cambrian . This Po!oni(m orogeny 
i n  the Albertan- Cambrovic ian interpulsation ep och is the 
oldest yet recorded. 

Two Ordovician profi les have been recorded by 
Czarnocky, the first ( A )  at Zalesie Nowe ( Lagow fac ics ) , 
and the second ( B ) at Buk6wka-M6j cza ( Kielce facies ) ·  
In the former the en t ire thickness of the Ordovician i s  
less than 30 meters in t h e  latter it is  n ear 5 0  meters. 
The succession is a s  follows in desccnding order, the beds 
being disconformably succeeded by Silur ian. 

Section A Zalej·z'e-Nowe 

0RDOVICIAN 
Divi son VII ( Beds 1 5- 1 8 )  ( = Division F. 

of Baltic Seri es ) 
Bed I8 . Maris and shales wi th calcite 

veins and argillaceous shales, 
with a r ich fauna of trilobites, 
ostracods and mo1lusks 0 . 8 0  m. 

Among the species are : 

Dalmanites mucronatus Brongn. 
Proetus sp. 
Acz'daspis oHm' Trædss. 
Lepidocoleus sttecinus Moberg 
Orthis cf. honorata Barr. 
Ortkis sp .  
Acrothele sp . 
Hyolithes fz:mbrosus Trædss. 



290 A. W. GRABAU : CAMBROVICIAN PULSATION 

Bed I7 . Shales and grits, the beds with 
rough surfaces and with den­
drites and peli c1es of man-
ganese. Fauna depauperate 1 . 60 m .  

Bed I6 . Cia y shales passing downward 
into the marls of bed l 5 
wi th abundant trilobite frag­
ments 

Among the species are : 
Trilobita 

Dalmanites kiæ ri Trædss. 
Lich as sp .  
Proe!zts cf. dis tans Lindstr . 
Proetus sp.  
(.:yphaspis cf .  clavzj'rons Lnrs. 
Ampxx: sp . 
Plumulites delecarlz"cus Moberg. 
Plumulites sp. 

Ostracoda 
Primz'tz'a tenera Trædss. 
Primi tz' a  sex papillos a  Trædss. 
Primz'ti a  bursa s ca nensis Trædss. 
Pri mz' tia conica Trædss . 
Bollia biplicat a Trædss. 
Bollia ha rpa rum Trædss. 

Brachiopoda 
Lz'ngulella sp . 
A crotre ta sp . 
Plectambo nz' tes co mz' ta ns Barr . 
O rt his cf. honorata Barr .  

Bed I 5.  Yellowish and greenish do­
lo mi ti c marls with rusty spots 

0 .80  m. 
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and indeterm inable trilobite 
fragments 0 .40 m. 

Divis ion VI.  Beds 9- 1 4  ( = Division s D. & E. 
of the Baltic  section ) 

Bed I 4 ·  Marly dolomites, yellow and 
rusty 0 .40 m. 

Bed I3. Dolomi tes i n  layers l 0- 1 5 cm. l . 0 0  m. 

Bed I 2 .  Dolomit ic  marls, platy do-
lom ites with intercalated green 
shales in  layers from 2 to 3 
cm. th ick . The series contains 
in  places abundant detri tus 
of trilobite fragments poorly 
preserved 1 .0 0  m. 

Bed I I. Vari colored shales, ochery at 

the base, with l imon i tic con­
cretions (of decomposed pyr ite) 
and passing upwards into 
violet-grayish green and red­
dish shales with concretions 
of i ron stone 

Bed IO . Clay shales streaked w ith 
dark green, and containing 
Lingulella sp . ,  Acrothele sp .  
and rare Climacograptids. 

Bed 9 ·  Dolomit i c  marls, finely strati­
fied, passing gradually into 

dark-green shales, m thin 
layers and contain ing con-

0 . 60 m. 

1 . 2 0  m. 

cretions of lydite 2 . 00 m. 
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Divisi vn V. ( = Division C of Baltic Section) 
Bed 8.  Compact yellowish dolomi tes 

in layers 1 5-20 cm. thick 
passing upwards i n to dolomitic 
marls 2 .40 m .  

Divisi on I V .  ( = D ivi sion B ill  o f  Laman sky ' s 
Bal tie section ) 
Bed 7 ·  Yellowi sh dolomites wi th 

sandy beds at the base, an d 
compact upwards with small 
pockets of manganese 3 .00 m .  

0RDOV I CIAN. CAMBROVJCIAN 
Division Ill . Orthis Sa1zds apparently en­

closing a hiatus and reprcsenting parts 
of hori zon s Bli & Bill  of the Baltic 
region, with a commingling of the 
faunas. 
Bed 6. Yellowi sh, rusty and ferrugin­

ous sandstones, gen erally fri -
able, someti mes spongy 2 .00 m .  

The fossils ( Col. 5) are:  
Trilobi tæ 

Megalaspis sp .  
i Nileus armadillo Dalm. 
t Cybele bellatula Dalm. 

Illænus sp.  
"' Cyrtome!ojus cf.  clavifrons Dalm. 

Gastropoda 
Belleroph01z polonicus Gtirich 

Brachiopoda 
Orth zs moneta Eichwald 

tOrtMs calligramma Dalm. 
"' Clitambonites plana Pand. 
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The sp ecies marked with an asterisk 
( * )  also occur in divi sion Bil  of the Baltic 
provinces, those marked by a dagger ( t )  in 
Div .  Bil l .  Th is bed then may be regarded 
as marking the meeting place of the top of 
the Cambrovician retreatal series and the 
base of the Ordovician transgressive series 
holding essentially the pos i ti on of the St. 
Peter Sandstone of the M i ssi ssipp i Valley 
reg1on . 

Division I L  ( = Div. B I  f3 of Lamansky' s Bal­
t ie Section ) 

Bed 5· Thick bedded sandstones (0 . 30  m.), 

yellowish with small rusty pockets 

Divi si on I .  
Section ) 
Bed 4 ·  

and much glauconite 3 .00  m .  

The fauna i s  largely composed 
of Oboloi ds including. ( Col. 3 )  

Obo!us !ingu!æformis 
Lingu!e!!a !epis 
Aerob-eta cf. circularis 

and an enormous number of a 
small uni dentified Siphonotreta. 
( = Division BI a of Laman sky' s 

Sili ceous fossiliferous shales and 
quartzitic beds alternating with 
layers of chalcedony up to 2 5 cm 
in thickness. Some beds very rich 
in sponge remai n s  forming some-
times compact agglomerati on 2 . 80 -3 .00  m. 

Among the fossil s are : (Col . l )  
Obo!us si!uricus 



294 A. W. GRA BAU : CAMBROVICIAN PULSATION 

Obolus cf. salteri 
Obolus ling-ulæjormis 
Obolus sp. nov. 
Ling-u!el!a !cpis 
Acrothele ceratopygarum 
Acrotreta cf. drcu!aris 
Siphonotreta sp .  

Bed 3· Compact quartz i tes, shales and 
sandy layers wi th interspersed 
glaucon i te 2 . 00  m .  

Bed 2 .  Q uar tz i t i c shales , shales, and mic­
aceous and glaucon i tic sands 2 - 3  
cm th ink 2 . 8 0 m .  

Bed I .  A thin bed o f  basal conglomerate 
with well-rounded pebbles of Cam­
brian quartz i te, eml- edded m a 

glaucon i t ic sand 0 . 0 5-0 . 1  O m .  

Hiatus and Unconformz'ty 

SuBFORMATION Folded Middle and Lower Cambr i an 
In th i s  section beds 1 - ::3  compr i se not only the lower 

Ceratopy ge beds but p robably al so the upper Dictymzema 
beds. The transgression in  th i s  sect ion then corresponds 
closely to that  of the Balt ic region . 

Sectt'on B. at Bukowka-Mojcza ( Kie!ce jacz'es ) 

In this sect i on the h igher divis ions found in the Zalesi e 
section are wanting although the entire thickness i s  greater 
( nearly 50  meters ) . The numbering is di sti nct but the 
Division s corre1ate approximately. 
0RDOVICIAN 

Division V. ( = Div. C of the Baltic reg i on) 
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Bed 9 ' Red l imestones and marls with Lichas sp. , 
Phacops sp . ,  Orthoceras ari d Cystoids. 

Division IV. ( = Div. Bill of Lamansky' s  Balti c  Section ) 
Bed 8 '  Li mestones with M iddle Ordovi c ian fossils 

including : ( See Table K-Il, Col .  8)  
Asajltus cf. tyrannus 
I!lænus revaliensis 
Illæmts po!onicus 
Chez'rurus polonicus 
Phacops cf. sclerops 
Agnostus g!abratus 

0RDOVICJAN-CAMBROVICIAN 
Divis ion Ill .  Orthis Sandstone wi th a m ixed fauna of 

Bli  & Bill of the Ba1t ic  section and 
en closing a masked hiatus .  The lower 
portion represents the retreatal d epos i ts 
of the Cambrovician series, the higher the 
transgressive portion of the Ordovician 
(Middle) series . 

Bed 7 '  Yellow massive bedded sandstone with (Col. 7 )  
Brachiopoda 

Orthis moneta 
i" Orthis callig·ramma 
t Lycojhoria nucella 
* Clitambonites plana 
t Ctitambonites inflexa 

Trilobita 
t Cybele bellatu!a 

Cheirurus cf. polonz'cus 
Asaphus etc. 

Those ma rked* occur in  Div. Bli, and those markedt 
in Bill  of the Balt i c  section . 
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Bed 6' Finely stratified sandstone yellowish green 

CAMBROVICIAN. 

with (Col. 6) 
Orthis moneta 

Lycojhoria nuceila 

Bellerojhon jolonz·cus etc. 

Division II ( = Div. BI {1 and perhaps part of Bli, of 
Lamansky's section) 

Bed 5' Yellow day with lentils of red Iimestone 
containing: ( See al so Co1. 4) 

Bed 4' 
Bed 3' 

Brachiopoda 
Orthis cf. christianirc 
Orthis parvula 
Orthis moneta 

Trilobita 
Nzleus armadit/o 
Cybele bellatula 
Cyrtomdojus cf. c!avifrons 
Agnostus glabratus etc. 

Yellow and green day-shale with glauconite. 

Yellow clay shale with interealatians of 
manganese 

Division I ( = Horizon BI a of Lamansky's seetian ) 

Bed 2' Light sandstone, massive bedded poor in 
glauconite, and glauconitic sands, and quart­
zites with ( See Col. 2) 

Obolus si!uricus 
Obo!us c f. salteri 
Aerothe/e cerato})'garum etc. 

Bed I Glauconitic sand with pebbles of Cambrian 
quartzite. 
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Iiiatus and Uneon/ormity 

SuB-FORMATION Disturbed Middle and Lower Cambrian beds. 

The following table (K-II) shows the vertical range 
of the species so far recorded and their occurrence in the 

Balt ic region. The horizons are: 

Cols. I-8. Central Poland massif. 
Col. I. Bed 4 of Zalesie ( Section A) 
C o!. 2. 
C o!. 3· 
C'ol. 4· 
C o!. j. 
C o!. 6. 
Col. 7· 

Bed 2' of Buk6wl<a-M6j cza ( Section B ) 
Bed 5 o! Zalesie ( Section A) 
Bed f)' of Buk6wka etc. ( Section B ) 
Bed 6 of Zalesie ( Section A) 
Bed 6' of Buk6wka etc. ( Section B ) 
Orthis sandstone, Bed 7' of Bukowka etc. 

( Sect. B) cfr Bed 6 of Zalesie ( Section A) 
Col. 8. Bed 8' of Bukowka etc. ( Sect. B ) 

Cols. 9-I6. Horizons of the Baltic Section of Esthonia. 

Cols. 9 & IO Divisio>1 Bl a and Bl fi· 
Co!s. r I-IJ. Division Bli u, Bil fi and Bil r. 
Co!s. I4-I6. Division Bill u., Bill f., and Bill r. 
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TuE CAMBROVICIAN oF BonEMIA 

As we have seen (Vol. I, p. 469, IV p. 665) the 
Upper Cambrian of the Bohemian Basin is represented by 
the Brezove-Hory conglomerate Cr ranging from 200 to 
500 meters in thickness and entirely a contioental deposit . 
It rests disconformably on Middle Cambrian. 

Renewed marine transgression did not reach the Bohe­
mian Basin until Tremadoc time when over a part of the 
Area the Krusnahora beds ( designated dr.! in the new 
terminology, C =  part of Barrandes Dd1) were deposited. 
These are mainly grayish-green ferruginous graywackes and 
quartzites of limited distribution and with a maximum thick­
ness of 38 meters . Where ful1y deve�o?ed they are elivisible 
into three parts as shown below. 

The Krusnahora beds are f ol1owed by the Komarov 
beds C df1) from 40 to 70 meters in thickness and repre. 
senting essentially the Arenig. With the deposition of these 
beds began the outpouring of vokanic magmas and ashes, 
forming chiefly eliabases and diabase tuffs. Locally these 
may show a retreat, hut on the whole they indicate con­
tinuous transgression , overlapping the Krusnahora beds in 
many sections and resting locally on the Pre-Cambrian. 

This series is succeeded by the Kvån-Oseker shales, a 
portion if not the whole of which is referable to the 
Llandeilo. 

The succession of the formations included in Barrancle's 
Dd1 is as f ollows in descending order. 

Division dr. Kvån-Oseker beds 50-60 m. 
Etage dr 2 Dobrotiva shales Dark shales 

with soft concretions with 42 species 
of tri lo bites belonging to . the genera 
Ampyx, Asaphus, Ogygia Cglab1-a!a) 
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Carmon, Proetus, Sarkia etc. Mollusca 
of the genera Orthoceras, Endoceras, 
Bellerophon, Nucula , Leda etc . and 
Brachiopods of the genera Chonetes, 
Orthis, Ling-ula, Disdna, Strophomena 

etc . besides Conularians, Hyo1ithids etc. 

Hiatus and Disconform ity (?) 

Etage d r 1• Pale shales with hard eonere­
tian s  with 54 species of trilobites of 
the genera Acidasp is, Aeglina, Am­
phion, Arez·a, Cheirurus, Dindymene 
Placoparia, Batycheilus, Bohemil!a, 
Calymmene ( Arago ) ,  Pharostoma, Dal­
mmzites, Dicellocephalina, Dionide, Har­
pes, Trinztcleus, Holometopus, Asaphel­
lus, Ptychocheilus, Megalaspides, P!aty­
pe!tis, Symphysurus, Barrandet·a, 
Il!ceJzus, Bumastus, Lichas, Agnostus. 

lt is to be noted that while both divisions are char­
acterized by the same genera of trilobites they have only 
6 spec ies in common . Dicellocephalites bo kemicu s and Holo­
metopus bo/zemz"cus are hold-overs f rom oleler horizons. 

Hiatus and Disconfo;�mity (?) 
Division dj9. Komarov heds 38-70 m. 

Dark shales with red ironstone, and diabase 
and diabase-tuffs. Near Beraun, where the 
greatest thickness is found, they overlap on 
the pre-Cambrian . 

Among the species recordecl from this 
division are: 
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Gra ptozoa : 
D id y mo graptus jemzatulus Hall var. hamatus 

Perner (c) 
Did y mo gr a p tus lonc hotheca Perner (c) 
D id y mo gr a p tus barrandei Perner ( d) 
Didymograptus lapworthi Perner (d) 
Dictyonema sp . (6) 
Tetragraptzts bigsbyi Hall ( 6) 
Die ho graptus (?) leptotheca ( e) 
D end ro graptus.f! constrztdus Perner (e) 
Holograptus expansusl Holm 
Schizograptus tardifurcatusl Elles 

Brachiopoda 
Orbz'culoidea undufos a Barr. ( 2) 
Orbz'culoidea sp. 
Lz'ngula rugosa 
Lingula sulcata 
Paterula? prima Kloucek ( 2) 
Obolzts complexus 
Orthis nodurna Barr. ( 3) · 
Orthis (Btllingsel!a) sp . ( 4) 
Orthis desiderata Barr. ( 4,f) 
Orthis grimmi 
Acrotreta sp. (2) 

Trilobita 

Aeglina bröggeri 
Agnostus spiendens 
Amphion lindaueri Barr. (b) 
Asaphe!!us pernert' 
Aspidmg!ina miranda 
Barrandcia primula 

1 Describe<.l by Bedrich Boucek in Zvlastni Otisk Z. Vestniku St;•tni­
ho Geologicheho Ustavu CSL. Republiky Vol. IX No. 2, 1933. 



304 A. W. GRABAU: CAMBROVICIAN PULSATION 

Cheirurus ho(fmani Perner (b) 
Euloma bohemzi:a ( 5) 
Ettloma inexpecta 
I!!renus cuspidatus 
Lichas prrecursor 
Meg-alaspides cuspidatus 
Nileus pater 
Niobe sp. ( 5 ) 
Ptychocheilus decoratus 
and others 

Kloucekl has recognized 12 horizons in this division 
s1x in the south and southwest part of the Barrandian 
area where the rocks are p revailingly shales with Euloma 
( numbered 1-6) and six in  the northern and northeastern 
part where the rocks are largely eruptives and semi-erup­
tives ( lettered a-e ) . Only two of these 12 zones are 
found in common leaving a total of 1 O zones for this 
division. 4 are characterized by brachiopods 4 by grap­
tolites and 2 by trilo'oites. The number or letter after 
the species indicates the zones so far as di fferentiated. 

TREMADOCIAN 

Divi sion da KRUSNAHORA Beds2-l 
Etag-e da3 Glesna Beds Graywackes, 

fine-grained shales, of brick red 

3R m. 

l C. Kloucek. Niveaux pa!eontoglogiques dans les couches de 
Koruårov d{� (DdlJ') Zvlastni Otisk Z Vestniku Statniho Geolo­
gickeho Ustavu CSL Republiky Vol. II, par. 2 1926. 

2 Jan Koliha. Facies baltico-polonais de l'Ordovicien inferieur en 
Boheme. Vestnik Statniho Geologickeho Ustavu Ceskoslovenske 
Republiky Vol. II, pp. 317-328. 1920. 

3 C. Kloucek: Sur la faunc des couches de Krusna Hora da 
(Odla). lbid. Vol. II, No.>. 4-6, 1928, pp. 190-196. 

4 C. Kloucek: Orometopus et outres fossiles nouveaux dans le 
da\ d'Olesna. Ibid. Vol. VII, pts. 4-5, 1931. 
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colors wi'th interealatians of bluish 
gra y shales l 5 m. 

Fauna: All Brachiopods. 
O bo lus complexus Barr. 
Obolus klouceki Koliha 
Obolu.f novaki Klou. 
Orbz'culoidea undulosa Barr. 
Orbiculoidea sp. 
Lingulella i1zsons Barr . 
Acrotreta minima Barr. 
Orthis cfr. O. slaviki 

Also sponge and pr6blematic  organisms 

Etage da2. Milz'na Beds Graywackes 
of reddish-brown color in upper and 
lower par ts, w i th red phtanites and 
coarse sandstones m the Middle. 
Also sorre tuffites. 18 m. 

The fauna compri ses 56 species with 
23 trilobi tes. These include: 

Brachiopoda 
Acrotreta grandis var. 
Lingulella insons Barr. 
Orbiculoidea cf. sodalis Kloucek 
Orbiculoidea undu!osa Barr. 
Obo!us cf. comp!e_t-us Barr. 
Ac1'otreta minima Barr. 
Ortlzis ( Bi!!z'ngsel!a) inco!a Barr. 
Obo!us barrandii Klou. 
Obolus cfr. O. mensi 
Obolus cf. k!ouceki? Koliha 
Orthis ;rrimmi Barr. 
Ortlzis soror Barr. 

305 
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Ortlzis potens Barr. 
Orthis sp. 
Orthis slaviki Klouc. 

Trilobita ( Kloucek ref. 4, p. 304) 
Agnostus aff. bavaricus Barr. 
Symphysurus behemicus Klou. 
Apatocephalus aff. serratus (Sars. & Boeck. ) 
.huloma cf. ornatum Ang. 
Euloma sp. 
Harpides cf. grimmi Barr? 
Orometofus aff. elatiformis ( Ang.) 
Orometopus af f. pramuntius ( Salter) 
Holubia bohemica Kloucek ( gen . et sp. ) 
Al so specifically unidentif i ed forms of the following 

genera Ceratop;•gc, Parabolinella, Euloma, Ptychoparia? 
Nileus, Niobe, Megalaspz·s, Symphysurus, Cheirurus, Am­
phio1l, Lichas and Asafhellus, the first four with Cambrian, 
the others with Ordovician affinities . 

Etage dal. Tresnice Beds. Graywackes , 
gray-brown sil iceous or tuffitic above, 
violet colored and coarser grained 
below, with a basal conglomera te 2 O m. 

The fauna of this stage includes only brachiopods of 
which some 20 species and vari eties have been determined 
including : 

Obolus feistmanteli Barr. 
Obolus fez"stmanteli var. prima Kol. 
Obolus barrandei Klou .  
Obolus cf. complexus Barr. 
Obolus lameflosus Barr. 
Orbz.cztloidea sodafis Barr. 
Orbiculoidea undulosa Barr. 
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Lingulella expulsa Barr. 
Lingulella bukovmsis Koliha 
Lingulella arachne? Barr. 
Litzgulella insons? Barr. 
Lingulella sp. 
Orthis kettneri Klou. 
Orthis incola Barr. 
Acrotreta minima Barr. 

Hiatus and discon.formity 

307 

SuRFORMATION Upper Cambrian contioental rocks or Middle 
and Lower Cambrian or pre-Cambrian. 
Is thus appears that the Cambrovician marine trans­

gression did not reach the Bohemian Bas in until Tremadoc 
time. 

The lowest division earresponds to the Baltic Obolus 
apollinis sandstone and the Dictyonema shales. Dicf)'Onema 

flabellzforme also has been found in some of these beds in 
Bohemia. 

In general division da and the lower 11art of df3 are 
correlated with the Tremadoc, while the upper part of df3 

and the lower part of dr (dr 1 )  are correlated with the 
Arenig. The upper part dr (dr2) is referred to the 
Llandeilo. This would place the Cambrovician Ordavieian 
hiatus between dr 1 and dr 2• 

That the lower subdivisions of the Kvan·Oseker beds 
are to be correlated with the Arenig and the higher with 
the Llaneilo, is further shown by the graptolites obtained 
from them. These include Didymograptus murchisoni re­
presenting the Upper Llanvirn ( Graptolite zone 7) of 
Great Britain, and Didymograptus indentus var. nanus, D. 
bifidus var. incertus and D. v-.fractus var. volucer which 
may be considered representatives of zones 4 to G of the 
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British section, i. e. the D. e:dmsus, D. hirundo and D. 
bifidus zones. If these earrelations are val id the lower 
part must be referred to the Arenig and the hiatus and 
disconforrnity must lie between the two subdivisions where 
the Bohemian geologists generally place it. The hiatus may 
of course be marked by an interrningling of the faunas 
and sediments . 

According to Kettner the wide transgression of the 
lower Tremadoc (da l) i s  followed by a retreatal rnave­
ment and change of strandlines during the middle Tremadoc 
( da2). Finall y a renewed tran sgression occurred in upper 
Trernadoc time (d,�. s) and con tinued into the Lower Arenig 
( d/1). Thi s was even more exten sive than that of the 
lower T remadoc. 2 

This new transgression '"as followed by volcanic ac­
tivity regarded by Kettner as  sub-01arine outpouri ngs of 
eliabasic magma s and maintai ned with d i fferent intensity 
during different peri ods of the entire Ordovician, continning 
even into the Ludlow. At the en d of the Tremadoc and 
the beginn ing of the Arenig, this volcanic activi ty had 
attained its first maximum. A considerable part of the 
upper Tremadoc and the lower Arenig is formed almost 
exclusively of volcanic materia1, i. e. extensive nappes of 
diabase and eliabasi c mandelstei n  and of tuffs. The diabase 
tuffs often pass into schalstein, 1.nd the beds of sedimen-

l Radim Kt:ttner. Paleogeographie des formations entrant dans 

.la composition du Barrandien Extrait du Compte-Rendu XIVe 
Congres Geologique International 1926. 

2 For a map showing these movements see Kettner R. Trans­

gression et regressions de la mer du Silurieu inferieur dans la 

Bohöme. Bull. Int. de l' Academie des Sciences de Boheme 
1921 French resume. 
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tary 1ron ore, so frequen t in the Lower Ordovi cian, have 
a gen etic connection with this volcan i c  activity. 

THE ARMORICAN REGION. 

In south-western Europ e, France and Spain,  the Cam­
brovician Series is very incompletely developed, and our 
knowledge of it still lacks many essential details. 

Mo7ttagne Noire. Perhaps the most complete deve­
lopment is in the Montagne Noire, that outl ier of ancient 
strata in sonth-eastern France, south of the Cen tral Plateau. 
Here as we have already seen, the Cambrian ,  which has an 
estimated thickness of about 2000 m., is represented by 
fossiliferous beds chicfly in the Mi ddle d ivis ion. The Upper 
Cambri an is represented by san dy shales devoid of f oss ils. 

Renewed marine tran sgression appears to have begun 
in this region in Tremadoc time, rocks of that ar;e being 
followed by the Arrnerican gri t  and fossiliferous shales of 
Aren ig age. Thcse are succeeded, probably after a hiatus, 
by beds of Llandeilo age. 

The succession is as follows in descend ing order as 
summarized by Bubnoff. (1->· 233) 

SuP.ERFORMATION: Llandeilan Shales etc. 

Probable hiatus and discmzformi�y 

CAMBROVICIAN: 

Arenzg·ian 
5. Shales with 

Phyllograptus angustzfolius 
Didymograptus v-.fractus 
Ort!tis desiderata 
Ortht"s menapim 
Ort!tis carausi 
Amphion cf. lindaueri 
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Asaphus sp. 
AC'idaspis sp. 

4. Armorican sandstone with 
Lz"ngula lesueuri 
Dinobolus brz"monti 

Tremadoc Series 
3. Shales with 

Asaphelina miqueh 
N·iobe lzjnier si 
Amphz"on esco# 

2. Shales with 
Euloma fzlacovi 
Agnostus terraisensis 
Asaphelina barroz"si 
Bellerophon cehlertz" 

Upper Cambricut 
1. Unfossiliferous sandy shales 

Hiatus and Dz"sconformity 

SuB-FORMATION: Mi ddle Cambrian 

The Boutoury graptolites shales, described by BJ.rrois 
probably locally replace the Armori can sandstone of the 
above succession . They have furnished (Bubnoff p. 23-1) 

Didymograptus vfractus 
Dz"dymo graptus balticus 
Didymograptus pennatus 
Did;'mo.t;raptus nz"tidus 
Di(vmo,![raptus escoti 
Tetragraptus serra 
Tetragraptus quadribrachiatus 

Probably belonging in part to- a samewhat higher 



CALEDONIAN GEOSYNCLINE 311 

Arenig horizon and in part to the Llandeilo is the fauna 
described by A. Born from this region.! This includes. 

Phyllograptus angustifolius 
Tetragrajtus bryonoides 
Redonia deshayesiana 
O gygia glabrata 
Trinztcleus primz"tivus 
Synhomalonotus arago 
Dalmanites sodalz"s 
Dalmanites phillipsi etc .  
The trilobites mostly suggest Llandeilo, age, while the 

graptolites indicate an Arenig horizon. Thi s  suggests that 
two faunas are conmingled here. 

Barcelona. In Spain the Upper Cambrian is poorly or 
not at all developed in fossiliferous facies, and the Trem­
adoc horizon is rep rcsented by f ossilif erous beds on ly in 
the vi cin ity of Barcelona i n  North-east Spain,  a region 
probably within the same embayment as the Montagne Noire. 

This horizon is rep resented by the purple shales of 
Papiol which have furnished the following spectes 

Ogy..,rrz'a cf. desiderata Barr. 
Asajhellus cf. solvensis Hicks 
Asaphellus innotatus Barr. 
Asaphellus cf. wirthi Barr. 
Niobe cf. homfrayi Sal ter. 
This is followed by Arenig sandstones with the peculiar 

trail-like markings known as Bdobz"tes and Tigillites and 
evidently indi cating a retreatal movement of the sea,- corres­
ponding to the widespread retreatal movement at the 
beginning of the Aren ig recorded in many sections .  These 
sandstones are d i sconformably succeeded by beds of Car-

1 A. Born, Eine Untersilur Fauna aus der Montagne Noirc. Senck­

enbergiana, Vol. III, 1921. 
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adocian age with Orthis actoniae O. vespe1'tilio, O. calli­
gramma etc. which represent the renewed transgression of 
the Ordavieian pulsation. 

Throughout the greater part of the Iberian peninsula, 
as weil as i n  the Brittany region of North-west France, 
the Arenig is largely or wholly represented by the so-called 
Annorican san dstone (Gres Armoricain). This is a resi­
dual sandstone of var iable character probably formed 
pr i marily from the disintegration. of the crystallines that 
form the nuc1eus of the old Armorican land mass. This 
sand was repeatedly worked over by wind , transported by 
rivers and again reworked by both transgressing and regress­
ing sea in Cambrovician time. lts precise age, as ind icated by 
fossils may thus vary from place to place, as i ts thickness 
varies from 50 meters or less to f-00 meters. Spread widely by 
continental agencies i ts incorporation into the marine series 
would vary from place to place in accordance with the time 
when the transgressing Cambrovician sea reached each locality. 

Normandy and Brittany. Here the Arm01·ican sand­
stone has a thickness of fiOO meters in the northern, but 
only of 50 meters in the south�rn region. lt begins with 
arkoses an d  basal conglomera tes ( poudingues d'Erpuy) con­
taining pebbles of Cambrian rocks, on with formation the 
Armorican beds rest di sconformably. The succeeding por­
tion contains both marine and supra-marine layers the latter 
exhibi ting numerous trails and related markings i ncluding 
Cruziana, Tigillt"tes, Ve:xillum, Dredalus, Lumbricaria etc, 
while the marine beds contain among others: 
Brachi opods 

Lingula lesueuri 
Lingula salteri 
Lt'ngula hawkei 
Dinobolus brimontt' 
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Pelecypods 
Lyrodesmt"' armorz"cana 
Modz"olopsz"s caz"!lardz" 
Ctenodonta costm 
Nuculana z"ncola 
Actinodonta cu1zea!a 

Trilobites 
Or gy gia armoricana 
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In south-eastem Brittany at Angers ( Approx. Long. 
QO:JS'W; Lat. 4 70 28'N)) a shaly facies has Jeen found to 
locally replace the Armorican sandstone. This has furnished 

Didymograptus dif!exus 
D·z"d ymo gr a p tus v-fractus 
Dz"dymoj[raptus hz"rundo 
Didymoj[raptus nitidus. 
This represents a Iower horizon in the Arenig than 

the f ossilif erous beds of the north, where these graptolite 
shales are replaced by unfossiliferous contioental beds . 

The Arm01·ican sandstone is followed disconformably 
by the Schistes d'Angers with Synhomalonotus tristanz" and 
other fossils of  Uandeilo age. This series often begins 
with a graptolite shale characterized by 

Dz"dymo,r;rap tus mzwchisoni 
Did ymo graptus euodus 
Didymograptus 1ZaJJ.ttS 
Dz"d ymo.rra p tus .fzwci!latus etc. 
This represents the Upper Uanvirn of  the \Vales sec­

tions. 
A noteworthy feature of the Arenig-Llandeilo contact 

is the wide-spread occurrance of an oolitic iron ore ranging 
from 5 to 6 and sometimes 8 meters in th ickness . This 
is a hematite, probably formed by alterat ion of iron-carbon­
ate deposi t . lt contains from 45 to 52% of iron, 13-1 G% 
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of silica, and O. fi f) to O. 7 % of phosphorus. This ma y 
represent a residual deposit during the interval of exposure 
between the Cambrovician retreat and the Ordavieian read­
vance of the seal. 

Other Lacalities. In the Almaden region of the 
Sierra Morena, province of Huelva, Spain (approximately 
Long. 40 f> O' W, Lat. :i ö O 4'7' N,) the Middle Ordavieian 
shales wi th Calymene tristanz· rest on white or red quart­
zites and pudcling-stones with Bilobites, which inclicates 
that the Carnbrovician transgression clicl not extencl to this 
section though the subsequent Ordavieian transgression clicl. 
Similar conelitians prevailecl in the province of Caceres 
Estremaclura where the Angers Slzales of Miclclle Ordovician 
ag e, rest up on quartzi tes with Cr-uziana referrecl to the 
Armorican sandstonc, but evidently a basal continental bed 
of indeterminate age. 

In Aragon (lberian Chain) the Armorican Sandstone, 
30 meters thick, rests on continental beds referred to the 
Cambrian and is clisconformably succeeded by shales with 
Calymene tristani i. e. Middle Ordovician. 

In the Asturias the Arenig is represented by the Cabo­
Busto sanclstone with Scolithes which rests on sandstones, 
shales, and pudding-stones with Ling·ule!la heberti, and is 
succeeded disconformably by Middle Ordavieian shales with 
Calymene tristmzi. The hiatus is emphasizecl by the occur­
rence of a thin bed of iron ore. On the Ria de Navia 
Asturias North Spain (Long. c o 4f>' Vv, Lat. 430 BO' N) 
the Cabo Busto sandstone has a thickness of 300 meters 
and the Calymene trz"stanz· shales a thickness of l 00 
meters. 

1 lt should be noted however that ilubnoff says the iron are 
deposit lies above the Didym1gnzptus murc!tisoni shales in Nor­
mandy, though eL>ewhere below it. (Bubnoff 1930, p. 178) 
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SOMMARY OF THE CAMBROVJCJAN DEPOSITS OF THE 
CALEDONIAN GEOSYNCLINE. 
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The marine Cambrovician formations of the Caledonian 
Geosyncl ine everywhere rest disconformably on older rocks, 
these ran ging in age from Middle Cambrian to the pre­
Palceozoic crysta11ines. In some cases as in Bohemia the 
JV!arine Series begins very late, so that overlapping Tre­
madoc strata rest with a basal conglamerate upon the older 
beds. These are often Middle Cambrian, but in some 
sections a series of contioental beds, formed during the 
emergent per iod , are referred to the Upper Cambrian . 
The possib il ity must however, not be overlo oked that these 
too represent, in part at least, deposits formed during the 
retreat of the Middle Cambrian sea, and so are referable 
to the closing stages of the Middle Cambrian pulsation. 
In the Balt i c  region , as we have seen, the basal beds of 
the transgress ing series are also referable to the Tremadoc, 
bu t there they rest on the eroded surface of the Lo w er 
Cambr ian series. 

The end of the pos1t1ve phase of the Cambrovic ian 
pulsation was reacl1ed with the depos it ion of the Tremadoc 
beds after wh i ch the negative phase, i. e. the sea-retreat 
began . This reversal is sometime very abruptly marked in 
this geosyncl ine, for the initial retreatal movement was 
frequently inaugurated by a sudden upward movement 
( oscillat ion) of the old-land, thus causin g, locally, a more 
pronounced retreat than would have taken place under 
normal condi tions. Erosion in the abruptly exposed shore 
zone then removed some of the Tremadoc or even earl i er 
beds, whereupon a readjustment, man ifested by a slight 
renewed transgress i on, resulted in depositing Aren ig beds 
upon the eroded surfaces of the Upper Cambrian formati ons. 
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The absence of the Tremadoc, due to erosion, in this old 
coastal bel t g i ves the f ormatians a disconforma bl e relation­
ship with overlap of ba sal Arenig beds .  

While the Aren i g  beds of the shore are rep resente.d 
by graptol i tc  sha1es in terca1 ated in contioental . huangho 
sedi ments, th ose nearer the center of the geosyncl ine are 
limestones with a rich tr ilobi te ( Mcgalasp i d ) faun a .  The 
source of thi s fauna is n ot yet ascertained. It may have 
been the Siberian Ep i-Sea or it may be of lndo-Sin ian 
or igin as i s  p robably the graptol i te faun a of the A renig. 

Only o ne region is  at p resen t  known where the 
Albertan - Carnbrovician i n tcrpu1 sation period was marked by 
tectonic  disturbance . This i s  in the St.  Cro ix Mountains 
of Central Poland where Cambrovician bed s rests uncon· 
formably on more or less disturbed oleler Cambrian strata. 

The Cambrovician-Orclovi c ian in terpu1sation h iatus is  
almost always recogn izable. Someti mes as in the Baltic 
region actual offl app ing strata of the lower and overlapping 
of the M iddle O rdavi eian strata is clea rly shown . In other 
cases erosion surfaces, pebble bed s, or beds of phosphate 
nodules indica te the break and in st ill others there is a 
bed of res idual more or less modified i r on ore, indicating 
a per i od of exposure .  Even when the physical evi dence of 
the break is masked, the abrupt change in fauna indicates 
i t, though sornetimes, as in the Pol i sh sect ions,  a parting 
san dstone ser ies  may con tain a comming1ed faun a having 
been reworked both by the retreating and the readvan cing 
sea, and enclos ing organ i sms of both. 

The distribution of the Cambrovician fauna of the 
Caledonian Geosyndine will  be given in Summary Table 
VIII  at the end of the volume. 
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