
Palæozoic Formations in the Light of the 
Pulsation Theory 

BY PROFESSOR A. w. GRABAU 

Il. THE MIDDLE CAMBRIAN OR ALBERTAN 
PULSATION. 

The second pulsation recognizable in the marine Pa
læozoic Series covers the Middle Cambrian period of the 
accepted classification. -The generally adopted standard of 
succession of the Middle Cambrian i s  that of the Scandin
avian succession which has fumished a number of sub
divisions based on palæontological zones. The thickness 
of these sections i s  however so slight, that they can only be 
regarded as representing a fragmentary portion of the 
entire succes5ion of the Middle Cambrian. 

The same thing is true for the Atlantic region of 
North America for although the section here is often 
more extensive than that of Europe, it must still be 
regarded as an entirely inadequate representa,tion of Middle 
Cambrian sedimentation. Nevertheless, it has very generally 
been adopted as at least the American type of the Mi ddle 
Cambrian and the name AcADIAN, derived from the Nova 
Scotia-New Brunswick region, i s  generally applied to the 
Middle Cambrian of the Atlantic Province z". e. the Caledo
nian geosyncline, and has also been used in European lite
rature. 

As pointed out by Resser however, a far more satis
factory standard for the Middle Cambrian is that of the 
Cordilleran province or geosyncline of Western North Ame
rica, where the formations of this  system have an almost 
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unprecedcnted developmen t, both as regards their thickness 
and their fossil content, and where moreover they are almost 
exclusively developed in calcareous facies. 

Resser has suggested the House Range section of 
Utah as perhaps the most sat i sfactory standard, as it is 
also one of the earliest sections stud ied in detail . But 
with all due deference to the patriotic feelin gs which may, 
in part at least, have prompted the selection of this ex

ample from the United Sta tes, I believe that evcn a hetter 
representation is found in the Canadian Cordi11erans, espe
cially the celebrated Mount Bosworth section on the Alberta
British-Columbia Divide. Thanks to the work, through many 
years, of Walcott on these sections, and more recently, the able  
contributions by Resser himself, as well as  by a number of 
other geologists of the younger generation, we have a most 
-complete knowledge of the succession of the formations and 
their fossil content. Nowhere in the world has the M iddle 
Cambrian furnished such wonderfully pr�served fossils, as 
those unearthed by the labours of Walcott in the remark
able Burgess and Ogygopsis shales of the Stephen fonna
tion in these sections, and thi s fact alone should entitle 
these sect ions to rank as the standard for Middle Cambrian 

stratigraphy . 

If an y general term for the Middle Cambrian as a 

whole is desirable, and in view of the fact that it repre
sents a distinct pulsation, I believe that such a term will 
be servi ceable, the name Ar,BKR'l'AN which I proposed in 
19 211 seems the most serviceable and descri p ti ve and I 
have aclopted thi s  name for the Middle Cambrian Pulsa
tion. 

We may follow the same order of procedure that has 

l Text-book of Geology. Vol Il, p. 243 Foot Note. 
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been adopted in the discussion of the Lower Cambrian, 
taking first the Appalachian Province or geosyn cline, with 
its extension over Mississippia, then the Palæo-Corclilleran 
geosyncl ine, and after that the Caledon ian and Inclo-Chinese 
geosyncl ines. The map Pl . Il, will give the general outline 
of the seas during the maximum transgression in each of 
these geosynclines, but it should aga in be emphasized that 
from the method of projecti on adopted, there i s  of necess
ity much distortion whicli progressively increases towards 
lower latitudes . 

THE APPALACHIAN GEOSYNCLINE: 

This geosyncline has essentially the location which it 
had in Lower Cambrian t ime, except that the Southern and 
Northern Appalach ians had little or nothing in common,. 
being separated even at the period of maximum transgres
sion, by the persistent Albany axis of elevation. The 
northern part of the geosyncline probably was an extension. 
of the Siberian seas, while the greater · part, that is  
the southern portion of the geosyncline, was invaded by the· 
waters from the region of the present South Pacific, or the
Crep·Z:cephalus Sea of the per iod. There was on e further 
modification,  and thi s  was the extension of the waters, 
both in Middle and Upper Cambrian t i me, across the great 
marginal plain of the geosyncl ine i e, Mississippia, where 
these formation s are represented by relatively thin mostly 
clastic members, which - probably exemplify a succession of 
minor floodings and retreats, during the general period of 
the Middle Cambrian tran sgression . 

There is at present considerable diversity of opinion 
regarding the formations referable to the MiJdle Cambrian 
within the southern Appalachian Province. In his great 
monograph, on the Cambrian Brachiopoda published in 
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1912, Walcott ref er red all the strata between the Rome 
formation and the base of the Knox dolomite, or its equi
valent, to the Middle Cambrian. This group in the south
em states of Alabama, Georgia and southern Tennessee is 
generally known as the CoNASAUGA FoRMATION, while in the 
Knoxville region of Tennessee and further north, 4 divisions 
are recognized which are as  follows in  descending order. 

4. Nolichucky Shale. 
3. Maryville Limestone. 
2. Roger sville Shale . 

l. Rutledge Limestone. 

In some sections, the upper 3 d ivisions are represent
ed by the Honaker limestone. To this series has been 
added at the base a part of the Rome formation, that is 
a group of sandstones and shales, resembling the Rome, but 
containing typ ical Middle Cambrian fossils, and without 
doubt respresenting the reworked products of erosion of 
the older Rome, by the re-advancing Middle Cambrian Sea, 
after the long period of exposure due to the retreat of 
'the Lower Cambr ian Sea, at the end of the first Pulsation . 

Ulrich, who does not apparen tly consider this possibil

ity, would refer the entire Rome to the Middle Cambrian, and 
in this he has been followed by some of the younger men. 

Such reference is of course entirely inadmissable, since the 
typical Rome carries the Lower Cambrian Olenellus fauna. 

The unity of the series of formations thus referred 
to the M iddle Cambtian has recently been questioned , and 
the Conasauga group has been divided, partly into Middle 
.and partly into Uppet Cambrian. The advocates of this 
new classification have even persuaded Walcott to adopt 
their views in his later publicatiotls. Thus, while it i s  
still recognized that the Conasauga formation of the Coosa 
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valley of Alabama is in part at least of Middle Cambr ian 
age as indicated by its fossils, the greater portion and 
sometimes the whole of it in other sections, is referred by 
Ulrich and Butts to the Upper Cambrian . 

The obvious reason for this change in classification 
is the introduction by Ulrich of his Ozarkian system, and 
his very able defence of the unity and distinctness of the 
group of strata which he includes therein, based as it is 
on his remarkable knowledge of the field relations of these 
formations, as well as their fossils. The Ozarkian is in
tended to represent a distinct system, between the Cambrian 
and Lower Ordovician, which latter is by Ulrich generally 
spoken of as Canadian, and which corresponds essentially 
to the Beekmantown group of the older classification. The 
Ozarkian system is almost exclusively developed in the 
Southern Appalachian geosyncline and its extension over 
Mississippia, though more recently Walcott, in his revision 
of the Cordilleran scctions, has recognized representatives of 
Ulrich's Ozarkian above the typical Upper Cambrian of 
that province . 

Officially, the O.rarkian is not recognized by the U. S. 
Geological Survey, the beds so designated by Ulrich being 
referred to the Upper Cambrian, a position which I believe 
is eminently correct. Despite such a reference however, 
the upper portion of the Conasauga group and its equi
valents are still included in the Upper Ca:mbrian, in the 
more recent Survey publications. 

While it is my intention, so far as possihle to present 
both s"ides of the question, l may here state my long-held 
·conviction that the O zarkian of Ulrich though distinctive 
in fauna! character because of the source of origin of the 
faunas, is n evertheless of Upper Cambrian age, at !east so 
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far as the trailsgressive portion is  coricerned, and to this. 
I may add the conviction now arri ved at that all the forma
tions in the Southern Appala chians, below the base of the 
Knox dolomite of Tennessee, or the earlier dolomites of 
the Alabama region , and the top of the true Rome, below 
the reworked upper portion, are referable to the M iddle 
Cambrian; that is, the entire Conasauga and the 4 members 
which represent it in northern Tennessee, as previously 
noted, belong to the Middle Cambrianl . 

Wc may now proceed to a discussion of the several 
formations of the southern Appalachians, beginning with 
the Rome , the upper portion of which, in some localities, 
is referable to the Middle Cambrian. But this part is 
separated from the true Rome by a pronounced hiatus and 
disconformity, which may however be masked. This d ivision 
therefore requires a distinctive name. 

The Rome formation has been described at some 
length in the article on the Lower · Cambrian, but it may 
be repeated here , that it consists in large part of a he
terogeneous aggregation of red shale, red sandstone, green 
shale and fine-grained calcareous ferruginous sandstone, with 
some beds of coarse bluish dolomite, in beds as much as 

l 00 ft in thickness, and here and there a bed of pure 
blue-banded limestone up to 50 ft. 

From Pennsylvania to Roan oke Virginia, the name 
\Vayn esboro is  applied to this formation, but south of 

1 This is contrary to my statements on page 15 (p. 4I of the 
Science Quarterly, Vol. IV) of part I of these articles, where l 
adopted the classification in current usage. Further study of 

the problem has however, convinced me that the whole of the 

Conasauga and equivalent formations must be placed in the 

Middle Cambri an , where it was put by Walcott in 1912. 
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Roanoke, the name Rome is generally used, though in the 
eastern beit of outcrops, the name Watauga is applied. 

In same sections, especially in Alabama, Olenellus has 
been found in the h ighest beds of the Rome formation, 
but in same other sections, beds of the general character 
·of the Rome, and generally regarded as forming the upper 
100 or 200 ft of this formation, have furnished M iddle 
Cambrian brachi opods and trilobites. It is highly probable 
that we are here concerned with a misidentification of the 
horizons, and that although these beds have the appearance 
of the Rome formation, they are really to be separated as 

.a distinct division and placed at the base of the Middle 
Cambrian. 

As has been shown in the earlier paper, the Rome 
clearly represents the regressional phase of the Lower 
Cambrian pulsation. That this  was f ollowed by a pro
longed period of exposure and a certain amount of erosion 
can hardly be questioned, though the actual amount of the 

·older formation removed by this erosion may have �een 
slight because of Iow relief. The transgressing Middle Cam
brian Ser1. would most certainly find a quantity of debris 
·Of the Lower Cambrian rocks available, out of which the 
basal beds of the Middle Cambrian series were formed. If 
the country was low an d the exposed rocks subject only 
to weathering, it i s  expectable that fragments at least of 
Lower Ca mbrian fossils were left strewn over the surface 
after the manner so commonly met with on weathered sur
faces of fossiliferous formations today. Such fragments 
would then be included in the basal Middle Camqrian beds, 

.along with the remains of the fauna of the early Middle 
·Cambrian Sea, thus giving the ap pearance of a mixed 
fauna and suggesting the idea of a tran sition formation .  
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Among the characteristic Middle Cambrian tri:lobites
obtained in beds referred to the Upper Rome of Tennessee· 
are Bathyuriscus bantz:us vValcott, Dolichometopus productus 
(Hall & Whitfield ) .  Coosia robusta, and Caos·ia superba Wal� 
cott. The last of these has also been obtained from the Lower 
Conasauga shales of Alabama. Besides these trilobites some 
18 species of brachiopods have been l isted from these 
beds of whi ch 9 or half the number also occur in the Lower 
Conasauga shales of Alabama. 

Only one of these, Westonia ella i s  also known from 
the Lower Cåmbrian of the

. 
Palæo-Cordilleran geosyncline. 

It is however also characteristic of the Middle Ca.mbrian 
of that province. 

In North Central Alabama,l the Rome or Montevallo 
formation, with a typical Olen ellus fauna in cluding Olenel
lus thompsoni, i s  succeeded disconformably by the Conasauga 
formation, which in this region is very largely a thin-bedded 
limestone \Vith partings of shale, which latter does not 
exceed one ten th of the mass.  This formation, approxi mat
ing l ,900 ft in thickness, contains a fairly r ich fauna of 
brachiopods and trilobites .  Most of the former also occur 
i n  the so-called Upper Rome beds of Tennessee. The 
trilobites however, Norwoodia 3 species, Ag-nostus 3 or 4 
sp ecies, and Crepicephalzts 3 species, including C. texanus 
Shumard, were regarded by Walcott and Ulrich as Upper 
Cambrian, and Butts refers tl�e formation to this horizon. 
In the area southeast of the Cahaba coal -field in Alabama 
however, the Conasauga carries Middle Cambrian fossils, 
and Butts concedes that all of it may be of Middle Cam
brian age. The Conasauga of the Birmingham Valley how-

l Charles Butts, Bessemer and Vandiver quadrangles U. S. Geol 

Altas Folio. 221. 
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ever, he regards as equivalent to the Nolychucky shale of 
Tennessee and perhaps the Maryville limestone as well. 
Butts indicates a. distinct disconformity between the Cona
sauga an d the Rome in the Shades Valley section,  and 
thi s is emphasized by the .fact that in the Cahaba Valley 
the entire Conasauga is absent, the Ketona dolomite resting 
directly upon the Montevallo f ormation s, this dolomite else
where over-lying the Conasauga. 

In Tennessee! the Rome is succeeded by the so-called 
Upper Rome already referred to as characterized by Middle 
Cambrian fossils, and probably represen ting in part at least 
reworked Rome de bris. This is a sandy shale 2 50 ft thick 
in Bay's Mountain. It i s  succeeded by the Rutledge l ime
stones which are mass ive and range in colour from blue 
to black and gray, with many beds of green and yellow 
calcareous shale towards the base. North of Knoxville, i t  
is almost wholly a calca reous shale, indistinguishable from 
the Conasauga and Rogersville . The thickness is 450 ft 
in the northeastern region, diminishing to 350 ft in the 
southwestern area. At the base of the Rutledge, the 
characterist ic  mid-Cambrian trilobite Dolichometopus pro
ductus occurs, an d Zancanthoz'des and other trilobites are 
common in other parts . 

Overlying the Rutledge is the Rogersville shale, a 

yellowi sh gray to blui sh gray, rather soft fissile shale, with 
a few thin sandy layers . In the Knoxville quadrangle, its 
thickness ran ges fron:1 180 to 220 ft . 

The Maryville l imestone rests with apparent conformity 
upon the Rogersville. It is a thick-bedded blue limestone, 
nmch like the Rutledge below, but rather more profusely 
and finely banded . lts thickness is approx imately 500 ft. 

1 Knoxville Folio, et�. 
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From it a n umber of trilobites, all of new genera have 
been obtained. These will be referred to a little later.  In 

the Knoxville quadrangle, the thickness ranges from 150 
ft north of Knoxville, to 350-400 ft near Maryville and 
500-550 ft on Dumpling Creek. 

The Nolichucky shale succeeds the Maryville limestone 
conformably. It consists of calcareous shales and shaly 
limestones, with beds of massive hlue limestone in the 
upper p ortion . In weathering the colours of the limestone 
generally change to yellow, brown or red. Northeast along 
Bay' s Mountain, the limestone begins to be more prominent 
and the shales more highly coloured. The thickness in the 
Knoxville region remains fairly constant from 450-500 ft . 
Crepie-"ephalue texanus and Dicellomus politus are its most 
char:tcteristic fossils. 

The Nolichucky is succeeded by the Knox dolomite 
with a fai rly constant thickness of 3,500 ft. 

As already noted there has been considerable diversity 
of opinion regarding the age of the 4 f ormations j ust 
clescribed. Formerly \Valcottl placed then all in the Middle 
Cambrian. Subsequently, after the study of the trilobites 
from the Maryville and the Nolichucky he decided on an 
Upper Cambrian age for these two formations, and in this 
he has been generally following by the later workers in 
these formations. The Middle Cambrian age of the Rutledge 
limestone is conceded by all, while the Rogersville is re
ferred to as probably Middle Cambrian by Butts and Stase, 
though Resser and Bridge in their correlati on table Pl . I 
put it in the Upper Cambrian, separating i t  from the 
Rutledge by a pronouncecl hiatus . This hiatus is not in
dicated, so far as the l iterature shows, by any physi cal 

1 Cambrian Brachiopoda Mon 51 l.T. S. Geol. Surv. 1912, p. 147 
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disconformity, and it is purely a concomitant of the classi
fication adopted. The continuity of the 3 upper f ormations 
is  conceded and the discontinuity between the Rutledge and 
the higher beds is not established by any physical criterion. 
On the contrary it i s  recognized that throughout a large 
part of the southern Appalachians, the Honaker limestone, 
a thick-bedded bluish dolomite indistinguishable lithologically 
from the higher dolomites, represents the combined Rutledge 
and Maryville limestone, where the interven ing Rogersville 
shale has thinned out. Unless then a disconformi ty can be 
establi shed in  the Middle of the .Honaker limestone, the 
continuity of the entire ser ies must remain established. 
Thi s  difficully is circumvented by some by referring all the 
formations to the Upper Cambrian. 

That the series i s  a formational unit i s  further in·
dicated by the brachiopod fauna, many of the species rang
ing throughout an d characterizing the upper part of the 
Nolichucky shale as well. This in Walcott' s classification 
was first placed at the base of the Knox dolomite, but it 
has sinc·3 been recognized as distinct and is without doubt 
referable to the upper Nolichucky. Of the 11 species of 
brachiopods found in the Nolichucky, only 2 Li1lgulept's 
acumi1tata and Dicellomus polt"tus are unknown in the 
Rutledge or older beds. Both of these occur in horizons 
which are included by Walcott as basal Knox dolomite 
though the former is associated with species wide-spread 
in,  and characteristic of the lower formations. These are 
the only 2 recognized Upper Cambrian species. 

The Conasauga formation represents these 4 forma
tions in the Southern A ppalachians and like these ap
pears to be a · continuous depositional unit, although the 
much disturbed character of these formations would make 
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the location of breaks a difficult, if not an impossible 
task. 

In the Bessemer-Vandiver region, the thickness of the 
Conasauga i s  estimated at 1,900 ft, while in northeastern 
Alabama, its range is given as 1 , 600-2,000 ft . For the 
most part it is a rather thin-bedded gray, finely crystalline 
limestone, interbedded with soft shale, the proportion of the 
shale varying in different sections. The Middle Cambrian 
age of the lower part is conceded and indicated by the occur
rence of Dolychometopus productus. The greater part of 
the formation however is commonly referred to the Upper 
Cambrian and correlated with the Maryville and Nolichucky, 

a correlation borne out by the occurrence of identical species 
of trilobites. Resser and Bridge even make the Conasauga 
cover the hiatus, which they assume betwcen the Rutledge 
and Rogersville, and thus give adherence to the theory of 
formational continuity.  That the Nolichucky and Upper 
Conasauga are separated from the over-lying Knox dolomite 
by a pronounced disconf ormity is conceded by all, and is 
indeed indicated by the striking change in the fauna of the 
higher series. Ulri ch refers these overlying beds to his 
Ozarkian, a divi sion which by many Is regarded as essen
tially equivalent to the Upper Cambrian. 

lf it i s  conceded that the Conasauga group and the 4 
members representing i t  in the Knoxville region, form a 

.continuous dcpositional unit, bounded above and below by a 

hiatus and disconformity, it is clear that they are referable 
to a single pulsation. According to Ulrich and his follow
ers, this covers the Middle and Upper Carrtbrian in the 
Southern Appalachians. The next transgressional unit i. e.  
the positive half of the succceding puisati on is recorded in 
the series of rocks included by Ulrich in his Ozarkian divi-
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sion, which he makes a distinct systematic unit in the lower 
Palæozoic. This system he defines as follows.l 

"Under the term Ozarkian, I include all the formations 
·Of the Appalachian Valley, that can be shown to be younger 
than: (1 ), The top of the Upper Cambrian Nolichucky 
shale, in Northeastern Tennessee and (2) the top of the 
Conasauga shale in Southeastern Tennessee, Northwestern 
Georgia and Northeastern Alabama, an d which are older 
than the base of the Stonehenge limestone of the Canadian 
system2 in Southern and Central Pennsylvania." 

According to Ulrich' s interpretation of the section, we 
have in the Southern Appalachians a depositional un it in the 
Lower Cambrian, a 2nd comprising the Middle and Upper 
Cambrian, and a 3rd represented by the Ozarkian and the 
Canadian or Beekmantown, though the actual continuity of 
the latter with the Ozarkian, is not conceded by Ulrich. 

lnterpreted in terms of the Pulsation Theory, this 
would imply l, a Lower Cambrian pulsation , 2 a pulsation 
including both Middle and Upper Cambrian, and 3 a pulsa
tion covering the new Ozarkian system as a transgressive 
and the Beekmantown, as a regressional phase. 

When we compare thi s  with the pulsations of the 
Atlanti c-Caledonian province, we fin d a pronounced discre
pancy . The Lower Cambrian agrees in represcnting a single 
pulsation a s  already di scusscd at length. The Middle Cam
brian however, forms a single pulsation unit, separated 
stratigraphically as well as faunally from the underlying 
Lower Cambrian, and the over-lying Upper Cambrian (vide 
in.fra). The Upper Cambrian, together with the Tremadoc, 

1 Ulrich E. O. Revision of the Palæozoic System. Bull. Geo!. Soc. 

of America. Vol. 22, pp. 281-680, 1911. 
'2 The Beekmantown Group of current usage. 
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which European geologists generally regard as . ·cohtinuous 
formations, represen t the transgressive series of the 3rd 
marine pulsation, of which the Arenig represents the regres
sive series. It would probably be difficult to convince 
British geologists that there is a peristent hiatus between 
the higher Upper Cambrian an d the Tremadoc, though· such 
a hiatus i s  suggested by the followers of Ulrich who would 
insert the entire Ozarkian system at this horizon. ( see 
Resser-Bridge Correlation ta ble ) Again it might be rather 
difficult (though perhaps not impossible) to convince British 
geologists of the occurrence of a hiatus between the Tremadoc 
and Arenig, as is suggested by the correlation tables of the 
Ulr ichian school . We shall discuss the relationship of these 
formations and thei r  faunas in a later section. For the 
present it may suffice to say that these suggested gaps in 
the section are assumed to satisfy the correlation, which is 
based entirely upon palæontological grounds, and the belief 
in the continuity of palæontological zones from one geo
syncline to another. 

Whether we accept or rej ect the Upper Cambrian 
Tremadoc-Arenig depositional continuity, the classification 
as developed by Ulrich and his school implies that Middle 
and Upper Ca mbrian together form a single pulsation in 
the Southem Appalachians, whereas in the Caledonian pro
vince and the Cordilleran as well, they form 2 pulsations. 
Again, the Ozarkian represents the transgressive portion 
of a new pulsation in the Southem Appalachians, but in 
the Caledonian and Cordilleran geosynclines, the transgres
sion began with the Upper Cambrian and continued into 
the base of the Ordovi cian, i. e., the Tremadoc, which in
deed should form a complete pulsation, if  the assumed dis
conformity between it and the Aren ig is a rea.lity . No 
one has yet positively recognized Ozarkian in Europe,. 
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although the attempt to find a representative has been 
earnestly made. 1f then Ulrich's correlations are correct, 
we must discard the Pulsation theory in favour of the 
Oscillation theory for the later Cambrian and the earlier 
Ordovician. 

But! z·s l/lrzdz' s classzfz"cation con-ect or even plaus
ible, or is there another interpretation of the facts? There 
can be no dissent from the general thesis of Ulrich that 
the Ozarkian is a distinct sedimentary unit in the Southern 
Appalachians, characterized by a fauna heretofore unknown 
at least in its maj or aspects. But it is another question 
whether this sedimentary and faunal unit  represents a dis
tinet system, which is to be intercalated between the older 
Cambrian and Ordovician systems, and which in most other 
parts of the world is represen ted by a hiatus. I would 
submit that the Ozarkian group of formations is the South 
Appalachian equivalent of the Upper Cambrian and i ts 
succeeding transitional series found in other parts of the 
world, that indeed the Ozarkian in point of time is Upper 
Cambrian, although its fauna is so different from the 
known Upper Cambrian of the other geosynclines. This 
difference is one that can readily be explained by the fact 
that the southern Appalachian geosyncline was opened to 
the central American portion of the old Pan-Pacific, and 
that i ts fauna was wholly supplied from that source, there 
being no connection with the Caledonian geosyncline or 
even with the Northern Appalachian geosyncline. lf any 
portion of the Palæo- Cordilleran geosyncline was f ed by 
waters from the same source, that part would be charac
terized by a fauna of similar character, though of selected 
types. 

lf however, we classify the Ozarkian as Upper Cam
brian, then not only the Rogersville and Rutledge but also 
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the Nolichucky and Maryville of Tennessee and the whole 
of the Conasauga further south, must be referred to the 
Middle Cambrian. We have already seen that these form
ations are one depositional unit  and the product of a single 
advance and retreat of the sea. We have also seen that 
the brachiopod fauna which characteri zes them, extends 
essentially throughout the entire series, and that it is 
largdy if not wholly restricted to this  series and locality. 
None of the species occur in the Caledonian geosyncline 
though the Palæo-Cordilleran geosyncline, which apparently 
also had communication with the southern sea carried some 
of them. 

It is the trilobite fauna, which has given nse to the 
change in the classification from M iddle to Upper Cam
brian in so far a<> this is based on palæontological cvid
ence, and so it behoves us to con sider this fauna some
what more at length. The total number of species 
described from these shales and referred to the Upper 
Cambrian is 33, though 3 of these are not identified 
specifically. These 30 fully identified species are classed 
m 12 genera, to wit. 

Norwoodia W alcott 4 species. 
A crocephalites W aller i us l species 
Lonchocephalus Owen l species 
Sarato gi a Walcott 2 spee i es 
Crepicephalus Owen 6 species and 2 specifically un

identified. 
Asaphisms? Meek 2 species and one specifically un-

identified; (generic identification questioned) 
Blountia Walcott 7 species 
Maryvil!t"a Walcott 2 species 
Lisania Walcott l species 
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Armon·ia Walcott l species 
Cz"dan:a Walcott 2 species 
Kz"ngstonz"a Walcott l species 

At the outset, it should be noted that all but one of 
the species described from these formations are new and 
unknown elsewhere. The excepted one Crepz"cephalus texanus, 
was originally described from Burnet Co. in Texa.s. The 
genus Norwood·ia Walcott belongs to the Order Proparia, 
having its genal spines attached to the fixed checks. The 
cranidium has a Ptychoparz"a-like glabella, generally ending 
forward in a long spine. The pygidium is relatively large. 
The 4 species from the Southern Appalachians are found 
in the upper Conasauga of Alabama and Georgia, and in 
the Nolichucky shale of Tennessee . One other species, N. 
tenera Walcott, occurs in the vVeek's formation of the 
House Range, Utah, horizons lb and le of the section. 

This formation was fonnerly classed by Walcott as. 

the top of the Middle Cambrian, but in l 916 he proposed 
to. change its stratigraphic position from the top of the 
Middle to the base of the Upper Cambrianl. He says the 
reference to the Middle Cambrian was originally made on 
account of the presence of Crepz'cephalus texanus in the 
Week' s' formation, but that his recent studies of C. texa1zus 
and its stratigraphic and geographic range have led him to 
the conclusion that it is an Upper Cambrian species, and 
that the formation s  containing it should be referred to the 
Upper Cambrian. As a matter of fact Crepz"cephalus texanus 
does not occur in the Week's nor the Orr formation, for 
the trilobite of these formations formerly identified as C. 
texanus was referred by Walcott in the same paper (p. 
206) to G/ept"cephalus cm-z'a Walcott, a new spectes. 

1 Cambrian Geol. and Pal. Vol. Ill No. 3, p . .  161 



176 A. W. GRABAU 

The fact that Norw(Jodz'a belongs to the Proparia 
might strengthen the argument for its · Upper Cambrian age, 
were it not for the fact that a very typical and remark
able genus of this order Burlz'ngia Walcott, is confined 
to the M iddle Cambrian Ogygopsz's shale of the Stephen 
formation. 

The genus Acrocephalus has orie species in the Lower 
Cambrian, 6 species in the Middle Cambrian, l in the 
Upper Conasauga formation, one in the Meagher limestone 
of Montana, which succeeds the W olsey Shale, and which 
Resser and Bridge still class with the M i ddle Cambrian, 
though Walcott in his description of the species calls it 
Upper Cambrian . Finally l species A.? glomeratus, has been 
described from dark reddish-brown sandstone from Rawlins, 
Carbon Co, \Vyoming, in horizon referred by Walcott to 
the Upper Cambrian . W i th the exception of this one 
species then , all the others occur in the Middle Cambrian 
or earl ier or in formations of questionable hori zon. Thus 
the species of this genus, favour a Middle rather than an· 
Upper Cambrian age, for the Southern Appalachian species . 

The genus Lonchocephalus Owen, was based on speci
mens from the late Cambrian sandstones of Minnesota and 
Wisconsin . 4 species occur in  these Wi sconsin formationsl 
.and one in the Potsdam sandstone of New York and all 
these may therefore be regarded as of southern origin . 
Two others occur in the Week' s formation of Utah and 
one L. appa!achia occurs in the Maryville l imestone of 
Tennessee a_nd the Upper Conasauga formati on of Alabama. 
Even if all the species from the Weeks and the Potsdam 

1 All of these 4 occur in the Franconia formation which is refer
able to the Middle rather than the Upper Cambrian as I shall 

demonstrate below. 
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are regarded as. Upper Cambrian in age the southern source 
of all of them can hardly be questioned and it is therefore 
not difficult to concei ve that they may have Middle Cam
brian forerunners from the same center of origin . 

The genus Saratogia Walcott, is based on Conoce
phalites calczferus from the Hoyt limes tone of the Potsdam, 
a horizon belonging in Ulrich's Ozarkian Series . 4 other 
species occur in the Eauclaire and Franconia sandstones of 
Wisconsin (which I refer to the Middle Cambrian as Wal
cott formerly did ) and this clearly shows the southern origin 
of this generic type. Two other species, S. arses Walcott 
and S. aruno Walcott occur, the former in the Nolichucky 
of northeastern and the latter in the upper Conasauga of 
southeastern Tennessee. Here again , · though one of the 
other species (or 5 if  we follow the classi fication of Ulr ich) 
are referred to the Upper Cambrian or even later horizons, 
there is nothing to forbid us to regard these Tennessee 
species as Middle Cambrian fore-run ners from the same 
center of origin . Walcott has described l species, Sara
togia tenellus, from the Middle Cambrian Kiulung gr oup of 
Shan tung, China. It remains to be seen whether this species 

is str ictly congener ic with the Amer ican species. lf it is, 
then further evidence i s  furn ished for the existence of the 
genus in Middle Cambrian time . 

The genus AsapMscus has its genotype A wh eeleri 
Meek , in the Middle Cambrian Wheeler formation of Utah, 
and in the Marj um formation as well, 1 ,500 ft. below the 
Upper Cambrian. 7 other species are known from strata 
of unquestioned :'.1iddle Cambrian age. 3 from the Wolsey 
shale of Montana, o ne from the Middle Cambrian of China 
( Fouchou formation) and one from the arenaceous shale of 
Wolf Creek, 6 miles below Rocky Gap, Bland Co. Va, a 
hori zon referred to the M iddle Cambrian by Walcott. 3 
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s;_Jecies and a specifi cally unidentified form were obtained 
from the Weeks formation, l unidentified species was ob
tained from the Middle Cambrian . The Kittatinny l ime
stone of Pensylvan ia has furnished 4 species questionably 
referred to this genus, one of wh ich also occurs in the 
Maryville limestone of Tennessee, from which horizon a 

specifically unidentified form was also obtained. The sub
genus Blaz"nia, has 4 species, all of which were obtained 
from a single horizon in the M iddle Cambrian part of the 
Conasauga shale, of Alabama and Tennessee. Blountia 
Walcott, has 7 species, all confined to the Maryville lime
stone of Tenn essee, to which Maryvi!!ia Walcott, with 2 
species is also confined. Finally the genus Lisania charac
teristic of the Middle Cambrian of China, appears to be 
represented in the Maryville limestone of Tenn essee. 

The genus Armonz"a is based on the single species, A 
pelops Wakott, from the Conasauga . It is  related to the 
M i ddle Cambrian genus Elrathia ( genotype Ptychoparia 
kingi Meek ) of the Marj um and Wheeler formations, and 
to the genus Chancz"a, also confined to the Middle Cambrian 
( Spence shale) of Idaho ( 2 species ) . Cedaria has two 
species, one the genotype from the Con asauga the other 
from the Nolichucky. A third species ( C.  woosteri Whit
field ) comes from the so-called Upper Cambrian of Wis
consin.  

Fin ally Kingstonia i s  based on K. apion \Vale. of the 
Maryville formation, though Walcott says "Kingstonia oc
curs in the Upper Cambrian formations of the southem 
Appalachians, central Pennsylvania, an d throughout the Rocky 
Mountains, Kingstonia appears in faunas of Atlantic and 
Arctic wa ters ."!  So far these other species have not been 

1 Walcott . Camb. Geol. and Pal. Vol. V, pt. 3 (Smiths. MiscelL 

Coll . ,  Vol. 75) p. 103, 1 925. 
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described, an d their generic relati on to the Maryville species 
is still open to question.  

So far then , none of the species have furn ished indu
bitable evidence for the Upper Cambrian age of these 
Appalachian formations.  There rema ins only the genus 
Crepicephalus to be considered. 

Of the 1 8  species or var ieties descri bed, 6 or one 
third occur in the Maryville or the Conasauga, or the equi
valent Honaker li mestone. In addition to this,  there are 
two others not specifically determined which occur in  thcse 
strata. Only one of these, Crepz-cephalus tex anus · is iden ti
fied from · other formati ons. Of the remaining 1 2 , 2 have 
been descri bed from the Lower Cambrian, l from the 
M i ddle Cambrian of China, 2 from the Weeks and Orr 
formations of the Palæo-Cordilleran geosyncline, and 4 
species have been described from the Eauclaire of Wiscon
sin , a formati_on, incorrectly placed in the Upper Cambrian .  
One of these also occurs i n  the much lower Dresbach. The 
Gallatin limes tone ( including the Grosventre ) of the Y el
lowstone region in Montana conta ins 5 species, one of them 
identified as C. texanus . l  The Gallatin l i mestone is cor 
related by Resser and Bridge, with the Upper part of the 
Middle Cambrian and most of the Upper, its base being 
within the horizon of the Meagher limestone of the Helena 
and Little Belt regions, the Wheeler and Marj um forma
tion s of the Central Cordilleran and the Stephen and the 
Eldon formation s of the northern Cordilleran, all of which 
are of unquestioned M iddle Cambrian age. 

Crepicephalus tex anus ( Schumard) was originally de
�cri bed from Clear Creek, Burnet, Co.  Texas. The type 
has been destroyed by fire, but Walcott reasons that as 

1 This occurs in the lower or Grosventre division. 
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the head waters of Clear Creek drain an area on its 
western side, where the Cap Mountain formation occurs, it: 
is from this f ormation that the type spee i men undoubtedly 
came.l Other material has since been obtained from this 
formation . The Cap Mountain Formation2 consists of about 
9 0  ft. of l imestones and sandstone, both more or less 
glauconitic .  The green grains of glauconite are especially 
abundant in cross-bedded standstones which constitute the top 
of the formation. The material representing Crepicephalus 
texanu s from this formation and illustrated by Walcott 
(Ill, Pl, XXX) is recorded under locality 6 7a. 

The Cap Mountain formation rests on the Hickory 
sandston e, which is the lowest Cambrian formation of the 
region and ranges in thickness from a few to 3 5 0 ft. It 
begins with a basal conglomerate, which frequently contains 
pebbles and boulders of the underlying pre- Cambrian rocks, 
an d their intrusives. Page describes it as grading upward 
into the Cap Mountain l imestone, from which it is not 
separated by any trenchantly marked limit ( Loe. cit) . 

The Cap Mountain f ormation is succeeded by the 
Wilberns f ormation, the lower two-thirds of which consist 
of thin-bedded limestones, while the upper third wnsists of 
shales with some limestones in the upper part, and with 
interbedded small conglomeritic layers . The greatest record
ed thickn ess of the \Vilberns is 22 0 ft . 

It is in turn overlain by the Ellenburger limestone, 
probably l ,0 0 0  ft in thickness . This is a crystalline 
dolomite of somewhat variable texture and contains much 
white and yellow chert. The bedding planes are generally 

l W alcott III, p. 210 
2 J. A. Udden. L. C. Baker and Emil Biise Review of the Geology 

of Texas. Bull .  Uni v. of Texas. No. 44. 1916. p. 34. 



MIDDLE CA:yr BRIAN OR ALBERTAN PULSATION 181 

not weU-marked and in the upper l 00 or 2 0 0  ft, the 
formation is more calcareous than in the lower part. Oolitic 
layers are present and there are calcareous conglomerates 
in its lowermost and its top layers.  The upper part of 
the series is believed to be of Ordovician age, but the 
lower . part is Upper Cambrian . The fact that the Ellen
burger limestone is conglomeritic near the base, while the 
underlying W ilberns formation carries conglomeritic layers 
in its upper part, suggest that the two are separated by 
a disconformity and a hiatus, a nd if so, it is possible that 
this represents the M iddle-Upper Cambrian hiatus, and 
places the Wilbems and Cap Mountain formations and the 
Hickory sandstone in the Middle Cambrian . Resser and 
Bridge put these formations in the Upper Cambrian and 
the Ellen burger in the Ozarkian, separating the series by . 
a discoQf or mi ty and hiatus, while Ulrich, in his unpublished 
·Correlation table, makes the upper part of the Ellenburger 
Canadian . 

It would thus appear that we have here the same 

problem that wc have in the Southern Appalachians, ap
parently the low er 3 formations represent one transgression 
and retreat, though the cross-bedding at the top of the 
Cap Mountain might suggest a hiatus between it and the 
W ilberns.  The Ellenburger limestone represents the Ozar
kian ( Upper Cambrian ) transgression and is  separated by 
a hiatus from the preceding formation. Whether the Wil
berns belongs to the lo� or tJ1e high€lt' series, remain s  to 
be seen. It thus becomes again a qt :estion of the classi
fication of the Ozarkian . If that i s  a pbase of the Upper 
·Cambrian, as I believe it to be, the Cap lVIountain forma
tien, with its Crepicephalus texanus, belongs to the 
Midclle and not to the Upper Cambrian . 
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Crep·icephalus tcxanus is again reported from the 
Abr igo limestone in the B i sbee distriet of Arizona. (Wal
cott . Loe. 3 5 8e ) The Abrigo i s  eonformably un derJain by 
4 3 0  ft. of Bolsa quartzite, whieh rests with a basal eon
glomerate on the pre-Cambrian crystallines. The Abrigo 
7 7 0  ft . thick, eonsists of slabby limestones with interbedded 
layers of ehert. At the top the limestone grad�s into a. 

white quartzite 8 ft . in thickness, and is diseonformably 
suceeeded by the Martin Limes tone of Devonian age ( See. 
below ) . 

Recen tly Dr. Ruedemann has deseribed 3 speeies of 
graptolites from the · Conasauga _ beds or their equivalent 
the "Elbrook" or Honaker - Noliehueky formation of Eastern 
Tennesseel .  These are as follows with their distribution . 

Loe, Loe Loe 
1 0 7a 1 1 9 1 2 6a 

l. Haplograptus vermijormis 
Ruedemann - - X 

2. Dendro graptus edwardsi 
var . major Rued . X X X 

3 .  Callograptus antiquus Rue-
demann - X -

Loe. 1 0 7a is in the «Elbrook" ( Honaker-Nolichuky ) forma
tion of Morristown Tennessee . 

1 Bulletin of the Public Museum of the City of Milwaukee, Wiscon

sin, Vol. 12 No. 3, 1933 
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Loe. 1 1 9  is in the Conasauga format ion 10 miles north
west of Knoxville Tennessee 

Loe. 1 2  6a, is in the Conasauga 1 O mi les east of Knox-
ville Tennessee 

Dr. Ruedemann follows Ulrich in call ing these beds Upper 
Cambrian , but as we have seen they really represent Middle 
Cambrian.  He also describes Dictyonema schztcherti from 
the Colchester (Lower Cambrian ) of Highgate Vermont, 
and a number of other graptol ites from higher Cambrian 
formati ons. These will be considered later . 

Thi s  early occurrence of graptolites bears out my sug
gestion that graptoli tes originated in Cambrian if not Sinian 
time in the Pacific ,  and that if  these older forms are 
preserved they should be looked for in Ca mbrian strata 
deposi ted in embayments from the Pacific. The strata in 
which these anc;l the later Cambrian graptolites are found 
certainly conf orm to this requirement. l  

The Nort!tward Extensio1� o.f the Sozd!tenz 

Appa!achz"mz Geosjmclinc 

In Virgin ia, Marylan d and Pennsylvania,  the Middle Cam
brian is represented by the Elbrook limestone or dolomite .  
Thi s  lies di sconformably upon the Waynesboro which i s  
the more north erly representative o f  the Rome. The 
Waynesboro carries Olenel!us and is clearly the retreatal 
phase of the Lower Cambrian, to whi ch it indubitably be
langs . Ulr i ch it is true, wants to place it in the M i ddle 
Cambrian, because in some of the sections further south, 
Middle Cambrian fossils have been found in a formation of 

1 A. W. Grabau, Origin, distribution and mode of preservation of 
the Graptolites. Memoirs of the Institute of Geology, Academia 
Sini ca Vol. VII, pp. 1-52 1929 
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this lithologic type. As we have seen however, this can 

only be regarded as the reworked debris of the older Rome,. 
formed during the period of exposure, before the readvance 
of the sea in Middle Cambrian time. Arthur :Beven,l cor
relates the Elbrook of Northern Virginia, with the Honaket 
and Nolichucky of Tennessee. In Maryland and southern 
Pennsylvania, the Elbrook is l 000 ft. thick, and as in 
Virginia, is succeeded disconformably by the Upper Cam
brian Conococheague limestone. ( Ozarkian of Ulrich) . 

In South-central Pennsylvania, the Elbrook formation 
has a thickness of 3000 ft. and consists of limestones and 
dolomites, with same shaly beds. It i s  followed discon� 
f ormably by the Conococheague, which begins with a b:tsal 
conglomerate of rounded limestone pebbles l inch or more 
in size, with a matrix of coarse-grained vitreous quartz. 
This is followed by edge-wise conglomerates indicating 
shallow water conditions.2 About 100 miles farther east,a 
the Elbrook has an estimated thickness of only about 300 
ft. and consists of finely laminated fine-grained marble, in 
part dolomite, in part limestone. It lies disconformably 
upon the Ledger dolomite of Lower Cambrian age and i s  
disconformably succeeded by the Conistoga limestone ap
parently of Chazy age. The intervening beds, if formerly 
present, have been removed by pre-Chazy erosion. Here 
too, the overlying beds begin with basal conglomerates con
tainmg pebbles with large masses of granular, white to 

1 State Geologist of Virginia, Guide-book 11, 16th International 
Geo!. Congress. 

2 Mercersburg-Chambersburg Folio No. 170, U. S. Geo!. Survey 

Atlas. 

3 F. Bascom and G. W. Stose. Coatsville-West-Chester Folio. No. 
223 U. S. Geo!. Survey Atlas. 
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gray marble in a gray limestone matrix. Formerly, these 
as well as some of the Lower Cambrian and the over-lying 
Lower Ordovician l imestones were included in the general  
term Shenandoah li mestone in Central Penn sylvania , and 
Kittatinny limestone in  Northeastern Pennsylvan ia. Farther 
north in central Pennsylvania, the followin g succession is  
found in descending order.l 

LowER 0RDOVICIAN 
Beekmimtown Group 

Bellefonte Dolomite 
Axemann limestone 
Nittany Dolomite 
Stonehenge limeston e 

1000-1900 ft. 
100- 480 ft. 

l 000-1200 ft. 
290- 702 ft. 

Discon.formity (?) 

Ozarkian o.f Ulrz"ch ( Lower Canaclian of Chart; our Upper 
Cambrian ) 

Larke Dolomite 
Mines Dolomite 
Gatesburg Formati on 

4. Unnamed bed 
3. Ore Hill Iimestone 

500 ± ft. 

member l 00 ± ft. 
2. Unnamecl bed 600 ± ft. 
l .  Stacy Dolomite member 500 ft. 

0- 250 ft. 
150- 250 ft. 
800-1750 ft. 

( Probable Hz"atus and Discon.formity.) 

U PPER CAMBRIAN (of correlation chart, our M iddle Cambrian) 
Warrz"or Limestone ( = Buffallo-Run 

limestones) 
Pleasant Hill limestone 

690-1250 ft. 
500- 600 ft. 

l U. S. Geo!. Survey, Correlation chart 1928. Revised classificatitm 
· added in parentheses 
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Ilz'atus a11d Dz'scon_formity 

LowER AND Mmnr.E? CAMBRIAN . ( Our Lower Cambr ian) 
300 + ft. Waynesboro Formation 

The classification here given is that of the correlation 
.. chart, but it i s  probable that it is subject to modification. 
The Stonehenge member, which in the Mercersburg-Cham
bersburg area, overlies the Conococheague, is generally 
regarded as the base of the Beekmantown horizon . Accord
ingly the l imestones which separate it from the Warrior or 
Buffalo-Run limestone must represent the Upper Cambrian 
<>f our classification z·. e. the Ozarkian of Ulrich. This 
would place the Warrior li mestone an d the underlying 
Pleasant Hill, not in the Upper but in the Middle Cam
brian , as the equivalent of the Elbrook limeston e further 
south . Am'ong the trilobites of the Warrior is Millardz'a 
a,vitas \Valcott, a genus represented by M. optata ( Hall ) 
in the Eauclaire of the Upper Mississippi Valley and by 
111. semele Walc. in the Weeks formation of Utah . Both 
.of these are probably Middle Cambrian . As in the more 
southerly region, these l imestones rest disconformably upon 
the Waynesboro, which is Lower Cambrian, except where 
some re-worked disintegration product of the Waynesboro 
may be included in the overlying basal part of the Middle 
·Cambrian. 

In his un published correlation chart of 19 33, Ulrich 
makes the Stonehenge of Central Penn sylvania the base 
-.of the Lower Canadian, i.e. Beekmantown. The Larke and 
Mines, he refers to the Upper Ozarkian and the Gatesburg 
to the Lower Ozarkian. The \Varrior or Buffalo Run, he 
refers to the Upper Cambrian , while he makes the Pleasant 
I-;Iill and underlying Waynesboro Middle Cambrian, correlat
ing the former with the Elbrook of Southeastern Pennsyl-
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vania. The Warrior is correlated with the Maryville and 
Nolichucky and the Gatesburg with the Conococheague and
in part, the Copper Ridge. 

It rernains to be determined whether the palæonto-
logical evidence will bear out this correlation and if so, 
the dividing line, between the Upper and Middle Cambrian 
as here adopted, is drawn at the top of the Warrior lime
stone. In general then, I accept Ulrich's correlation,  except 
that I call his Ozarkian Upper Cambrian , and his Upper 
an d Middle Cambrian, Middle Cambrian, excluding however 
from this the Waynesboro, which belongs to the Lower 
Cambrian. 

The northern end of the Southern Appalachian geo
synclin e i s  formed by the Albany axis, which passes west
warcl into the borders of the southern Adirondacks. Here . 
the forrnations begin with the Potsdam sandstone, followed 
by the Hoyt l imestone and this by the Little Falls dolomite. 
The lower two divisi ons are generally referred to the
Ozarkian of Ulrich and represent the over-lapping margins 
of the transgressing Upper Cambrian sea, while the Little 
Falls dolomite may be regarded as the basal deposit of 
the retreating Lower Ordovician or Beekmantown sea. 
Farther east, on the axis itself, n ear Albany, these forma-
tions are represented by the mud-flat deltas of the Schagh
ticoke with Dictyonema, and the Deepkill shales, with the· 
lowest Ordovician graptolites.l 

E�rtensioJz of the Middle Cambrian over the Marginal 

plain of Missz."ss·ippia 

We shall leave until a later part of this paper, the 

1 A. W. Grabau. Origin, Distribution and mode of preservation 
of the Graptolites. Memoirs of the Geol Institute of the 
Academica Sinica Vol. VII 1929, page 38. 
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discussion of the Middle Cambrian of the northem Appala
chians, since this is entirely distinct and more closely lie

lated to the Caledonian province. Unlike the Lower Cam
brian however, the Middle Cambrian sea, in its transgressi on 
in the southem Appalachian geosyncline, also submerged a 
considerable portion of the flat marginal plain of Mississip
pia, from Burnet Co. in Texas, on the southwest, to the 
Ozark regions of Missouri on the east, and the upper 

· Mississippi Valley region of Wisconsin and Minnesota on 
the north. 

Indeed it is not improbable that this flooding extended 
northwestward, to the Deadwood region of South Dakota, 
and there it may even have become confluen t with the 
Montana Wyoming extension of the . Palæo-Cordilleran geo
.syncline. 

It is tru� that the early Palæozoic formations through
out this region are now almost universally referrcd to the 
Upper Cambrian, but this is the result of Ulrich's influence 
�n American stratigraphic thought. Befare Ulrich established 
his Ozarkian system as a formation between the Cambrian 
and Lower Ordovician or Canadian, the lower beds through
.out this region were classed as Middle Cambrian, which if 
therc is a distinct Ozarkian system, left only a very insigni
ficant portion for the Upper Cambrian. To remedy this, 
the whole series was referred to Upper Cambrian overlap, 
just as the pre-Knoxville post-Rome formations, of the 
southem Appalachians with whi(:h those of Missisippia are 
still largely correlated, had been tran sferred from the Middle 
to the Upper Cambrian. 

If however, we refer the Ozarkian, not to a distinct 
system, but recognize it for what it is, i.e. the south-Pacific 
representative of the Upper Cambrian, we are free to re
turn to the earlier classification in so far as stratigraphic · 
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and palæontologic correlation with the formations i n  the 
Southern Appalachians warrants it. Thus, whether we can 
recognize the disconformity and hiatus between the Middle 
and Upper Cambrian in the Mississippi Valley region or 
oot, nevertheless those formations, which we can correlate 
with the Conasauga of Alabama and Southern Tennessee 
and its four representative divisions of the Knoxville region, 
l<la;ve a sure OO.si s  for their classification. as Middle Cam
brian, since the pronounced disconformity between the 
Con asauga and Knoxville or the Nolichucky and Knoxville, 
c1ear1y marks the upper boundary of the Middle Cambrian 
førmation. 

It is however, i mperative, that we do not forget the 
all important fact, that in a prevailingly sandy series, such 
as that in the Upper Mississippi Valley, a d isconformity 
an d a stratigraphic break, even of considerab1e magnitude, 
may be entirely masked and scarcely or not at all indi cared 
by physi cal evidence. 

On the retreat of the sea at the end of M iddle Cam
brian time, the sandy clayey sediments which become ex
p osed, are subject to extensive disintegration, especially if, 
as is almost certain to be the case in view of the growing 
land expanse, the cl imate becomes more arid. The results 
·of such exposure then, would be the formation of a general 
cover i n g  la y er of coarse and fine sands and <lust, min gled 
with the more or less broken fragments of the fossils of 
these Middle Cambrian formations, from the cl.isintegration 

·Of which the sand is derived. Some of the more resistant 
organic remains may of course rem;a.in unbroken ,  strewing 
the surface freed from matrix, after the m.anner familiar 
U> anyone visiting a surface of weathered fossilifemus 
r ocks. 
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The readvancing sea finds this material ready for con
sumption, and by reworking it, incorporates it in the much 
later formation deposited in it, and of which these dis-
integration products form the chief clastic source. It is 
thus easy to see that in many places the contact between 
the t-V\·o divisions may be entirely obscured and appear 
transitional, though in others there may be physical evid
ence of the break, especially where mechanical erosion has 
supplemented disintegration ·of the underlying formation. More
over, the possibility is always present, that there may be 
a commingling of the weathered-out f ossils of the earl i er 
formation, either entire or in broken fragments, with the or
ganisms of the later, so that the palæontological break will 
not appear a sharp one at the contact, though distinct enough 
between higher and lower f ormations. 

With these principles in mind, we may now discuss 
the several divisions in the different sections. 

A. The Central Texas region 

The succession in this region has already been given. 
on p. 180 (P· 346) but the further subdivisions of the 
formations made by Ulrich, may now be added.l 
SUI'ERFORMATION Lower Mississippian 

Great ln"alus and dz"sconformit;• 

CAMBR0-0RDOVICIAN [Cambrovician] 
Ellenburger hmestone 

Cotter zone 
Calathium zone 
Lecanospira zone 

1 Ulrich. Correlation table, 1933. unpublished 

200 ± ft. 
100 ± ft. 
200 ± ft. 
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(These three zones are teferred by Ulrich to the 
Canadian.) 

Gasconade Upper & Middle zones ( referred by 
Ulrich to the Upper Ozarkian) 

Gasconade Lower zone 
Royer zone 
Eminence zone 
Potosi zone 

100±ft. 
150 ft. 

50 ft. 
(These four divisions are referred to the Lower Ozar-' 

kian by Ulrich.) 
Fort Szll lt"mestone (also referred to 

L. Ozarkian by Ulrich) 
Wilberns Formatz"01z 
Cap .!Vfountain Formation 
Hickory sandstone 

100 ft. 
220 ft. 

90 ft. 
350 ft. 

(The last 3 divisions . are referred by Ulrich to the 
Upper Cambrian.) 

Hz"atzts and Unconformz"t)' 

PRE-CAMBRIAN FoRMATIONS. 

The Hickory and Cap Mountain Formations and per
haps the Wilberns as well, may represent Middle instead 
of Upper Cambrian, if as is likely the Ozarkian portion 
of the Ellenburger and the Fort Sill are referable to the 
Upper Cambrian. 

B. The Arbuck!e Mountaz"ns. 

This uplift lies in Eastern Oklahoma, approximate 
Longitude 97° W .  Latitude 34°30' N. The two chief div
isions are the Arbuckle limestone above and the Reagan 
sandstone below, with the Honey Creek shaly beds betv.:een 
the two. Walcott in 1912, referred the Upper Arbuckle 
to the Ordovician and the lower 50 ft. or so, (Honey 
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Creek shale ) as well as the Reagan sandstone beneath to 
the Upper Cambrian. Ulrich has subdivided the former 
extensively the following being his latest division. 

Super (m-mation . Simpson limestone ( Chazyan) 

Hz"atus and Dz"scon.fo1'mz"ty 

Upper Arbuckle lz"mestone 
Upper Canadian portion 
Middle Can.adian portion 
Lower Canadian portion 

Lower Arbuckle lz"mestone 
Upper Ozarkian portion 
Middle Ozarkian portion (Chapman 

Ranch ) 

3,300 
1, 250 

450 

350 

350 
2. Van Buren limestone formation 
l. Proctor Dolomi te. 

ft. 

ft. 

5,000 ft. 

3,01 o ft. 

Lower Oza·rkz"an portion 
Limes tone ( unnamed ) 
Royer Dolomite 
Signal Mountain Beds 
Unnamed Dolomite 
Fort Sill Limestone 

2,110 ft. 
478 ft. 
706 
105 
673 

98-148 

Probable Hz"attts and Dz"scon.formity 

.Upper Cambr-ian 
�2 Honey Crcek shale 

Reagan sandstone 200-400 

Ht"atus and Uncon .formz"ty 

Grani te or other crystallines. 

252-452 

Ulrich correlates the Reagan sandstone with the 
Hickory sandstone of Central Texas, and the La Motte of 
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the Ozark region. The Honey Creek beds, he correlates
with the Wilberns of Texas and the Bonneterre of the 
Ozark region.! 

If as I believe, the Ozarkian portion of the Arbuckle 
lz"mestone is referable to the Upper Cambrian, then the 
Honey Creek and Reagan beds, must probably be referred 
to the Middle Cambrian. The classification of the Fort 
Sill is more of a problem. 45 to 50 feet above its base 
(at Loe. 12g of Comanche Co. Oklahoma ) the following 
f ossils have been obtained. 

Dikellocephalus texamts Walcott. 
Saukz"e!la.'! fzmz·a Walcott. 

The former of these has also been found in the Wilberns 
formation of Texas. Walcott gave the fo1lowing subdivis
ion of the Reagan and immediately overlying beds. 
BASAL ARBUCKLE of the Springer section, probably 
Creek of Ulrich C with horizon as numbered by him ) 

4. Heavy-bedded compact, gray lime-
�one 4 ft. 

G. Thin-bedded shaly limestone 4 ft. 
The fauna ( 12 m ) includes the f ollowing 
O bol us tetonensis nz"nus C vV alcott ) ( also 
St. Charles ) 
Lin gule! la similz"s ( Walcott ) 
Eoorthis remnicha tex an a Walcott 

Ifoney 
52 ft. 

1 It must be remembered that these correlations, though printed, 

have not actually been published, and that they therefore re

present a tentative expression of Ulrich's opinion, sub ject to 

change if necessary after further consideration. It is by Dr. 

Ulrich's kind permission, that I refer here to his correlation as 

others have referred to it elsewhere. 
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Correlateq with it are the fau1;1a,s 9z a,nd 
fr:om o,ther locaH ti es, 12 j, wi th 
Eoorthis wichitaensis (also Nunkoweap) 
and 
C alvinella rus tie a W a, l co�t ( 12j) . 

f). Heavy-bedded compact gray lime
stone 4 ft. 

7. Thin-bedded shaly and clayey limetone 
often yellow, with some limestone con-
glomerate, no fossils. 0-40 ft. 

REAGAN SI\NDSTONE 245 ft. 
Div. 1. Highly calcareous sandstone, with 

numerous pure crystalline limestone 
layers and layers containing fossils. 
4 distinct zones have been recognized 
as follows. l 76 ft. 

el. 12 5 ft. above the base; contains 
fauna (Bu) comprising 
Obolus tetonensis ninus Walc. 
Litzgztlella similis (Wak.) 
Eoorthz"s iudianola W ale. 
E. wichz.taensis Walc. 
Syntrophia primordialis (Whitfied) 

In other localities, (Bq, 9s, 9w, 
12n, l 2p? ) these same species have 
been found and the following in ad
dition. 
Lingulella ora (9q) 
Li;zgulepis acumz·natus Conr. ( 9q, 

9s, 12n, 12p ) 
Linn arssonella girtyi Wakott (9q, 

12p ) 
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Acrotreta curvata Walcott (12p) 
Acrotreta ·mz"croscopica (Shumard) 

( 12n, 12p) 
Aerob/eta ztlrichi Walcott ( 12p) 
Eoorthis remnicha {Winchell) ( 12n, 

12p) 
Eoorthis remm"cha texa11a Walc. 

( 12n ) 
Eoorthis wz'chitaensz"s laeviusmlus 

\Vale. ( 12n, 12p ) 
c. The next lower fossiliferous zone in 

this division is 1 00 ft. above its 
base. It contains fauna (9t ) with 
the following species. 
Obolus matinalis (Hall) 
Obolus tetonensz's nz'nus Walc. 
Lin gule! la similz"s (W ale.) 
Acrotreta mz'croscopica (Shumard) 
Eoonhis z'ndz'a?tola \\r:1lc. 

All except the first have also 
been f ound in Loe. 12k, where the 
following additional species were 
obtained. 
Eoorthis wichz"tamsis \Vale. 
Eoorthz's wz'chitaensis laeviusculus 

\Vale. 
b. The next zone is l O ft. lower or 

90 ft. above the base of the division. 
It con tains the fauna (9p ) with the 
following species. 
Obolus tetmte1Zsis ninus Walc. 
Liugulella ora Walc. 
Li;ma;·sso7tclla girtyi Walc. 
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Locality 9x, which has been cor
related with it, contains only Dicel
lomzts po!itus. 

a. The next fossiliferous zone is 45 ft. 
below b, or the same distance above 
the base of the division. 

The fauna ( 12, s) at this point, 
contains to brachiopods, but undes
cribed trilobites. Locality 9v, which is 
questionably correlated with this hori
zon has furnished. 
Lingu1epis amminata Conrad 
Limzarss01zella g-irtyi \Valcott 

Div. 2. l\Iassive calcareous sandstone, which 
has become leached into laminar 
favose masses 

At the base of this division and 
immediately above the underlying divi
sion is a f ossilif erous zone (9r) 
with the following species. 
Obo! us tetonensz"s 1zz"nus W alcott 
Lingulella simzlis (Walcott) 
Lz"mzarssonella girt;'i vValcott 
Aerob-eta m z"croscopica ( Shumard) 

Div. 3. \Vhitish crystaline limestone, almost 
made up of fragments of large 
crystids. \Vith the limestones, small 
lenses and layers of glauconitic sand
stone are interpolated. 

Div. 4. Basal beds of glauconitic grit, con
taining several layers of porphyry 
pebbles 

25 ft. 

24 ft. 

20 ft. 
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Hz"at�.s and U1zcon.formz"ty 
PRE-CAMBRIAN PoRPHYR \". 

It will be seen that the fauna on the whole is a unit. 
Most of i ts species are widely distributed as shown in 
Table V. Many if not the great majority it must be con
fessed, occur elsewhere in nndoubted Upper Cambrian beds. 
This may mean that the entire series is referable to the 
Upper Cambrian, the l\1iddle Cambrian being here unrepre
sented. This question must for the present be left in 
abeyance. 

C. The Ozark Regio1Z 

The Ozark uplift or dome is a low elevation on the 
vv est of the Mississippi River, i n Southern Missouri and 
Northern Arkansas, from which the later Palæozoic strata 
have been removed by erosion thus exposing the earlier 
beds. This is the region from which Ulrich has named 
hi s Ozarkian system, although the development here is less 
complete in some respects than in the Arbuckles or in the 
Southern Appalachians. The most recent studies in th is 
region comprise the survey of the Potosi and Edge Hill 
quadrangles by C.  L. D::tke.l the region lying in general to 
the south of the city of Potosi Mo. ( approximately Long
itude 90° 4 7' W. and Latitude 37o 56' N) The succession 
in this section is as follows, the classif ication m sqare 
brackets, being that adopted in this paper. 
Super.formatio11. Lower Pennsylvanian 

Great hiatus & Discmiformity 

Ozarkz.an [Upper Cambrian] 
Roubidoux formation 0-100 ft. 

1 Missouri Bureau of Geology & Mines, 2nd Ser ies, V o l. XXII L 
1930 
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Disconformity [?] 
Gasconade Formation 

Dz.scon.formity [?] 
Eminence Formation 
Potosi dolomi te 

Disconformity & Hiatus 

. Upper Cambrian [Middle Cambrian] 
Derby-Doerun Formation } Eminence 
Davis Formation mation 
Bonneterre Formation 
La Motte sandstone 

For-

Great Hiatus and U1Zconform·ity 

Pre-Cambrian crystallines. 

150-200 ft. 

0-200 ft. 
0-300 

{ 0-110 
0-180 
0-300 
0-100 

The most pronounced hiatus und disconformity is at 
the base of the Potosi and this is made the base of 
Ulrich's Ozarkian. Those who accept Ulrich's Ozarkian as 
a separate gcological system, younger than the Cambrian, 
inust of necessity refer the beds underlying it to the Upper 
Cambrian, as they are not thick enough to represent both 
Middle and Upper Cambrian time. To those of us how
ever, who hold that Ulrich's Ozarkian is merely the sou
thern and central Usonian phase of the Upper Cambrian, 
the underlying beds become naturally referable to the Mid
dle Cambrian, at least in so far as they are distinct phy
sically and faunally from the Ozarkian beds. This class
ification is quite in harmony with that adopted for the 
Southern Appalachians, for the correspondance of these 
earlier Missouri beds with the Conasauga series of the 
Southern Appalachians is generally recognized. The detailed 
characteristics of these formations for the Potosi region 
a.re as follows summarized from Dake's work. 
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La )1fotte sandstone. This rests upon the very uneven 
erosion surface of the old porphyry and hence its thickness 
varies from place to place, the greatest exposure being 
l 00 ft . although drilling has disclosed as much as 22 3 ft. 
The f ormation is essentially a quartz sandstone, varying 
from Iight-gray to reddish brown, with clay layers common 
throughout. The upper Iayers generally show transiti on 
into the overlying Bonne-terre formation, through an interval 
·of l 0-20 ft. of alternating sandy and dolomi tic Iayers. 
Microscopic study has shown that the gr:1.ins of quartz are 
moderately rounded with thei r surfaces etched, this rounding 
being exceptionally perfect in the upper part, where the 
rock is also freer from clay . Otber minerals are usually 
wanting, but the quartz grams ofteu show secondary 
enlargement. 

Alon g the l ine of contact with the porphyry, there is 
also a basal conglomerate, an d  there is no break bet\veen 
it and the overlying rocks, although sometimes there may 
be a fine conglomeratic bed or coarse grit near the top 
of the Lamotte sandstone. In some sections, a few fossils 
have been reported from the Lamotte, these including 
Obo/us lamborni and some imperfect trilobite remains. 
Ulrich correlated this formation with the base of the Con
asauga shale of Tennessee and with the Rogersville. l 

Bomzeterre Dolomite. Thi s  marks the progressive 
advance and deepen ing of the sea as is shown by the con
tinuity with the underlyin g Lamotte. The basal beds of 
the Bonneterre are usually sandy, and there i s  an alternation 
of sandy and dolomitic l:qers in the lower portion. The 
upper part of the f ormation is crystalline and at intervals 
shaly Iayers are found. The greatest thickness of the 

1 Revision of the Palæozoic systems 
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formation obtained from a bore hole is 278 ft, but accord
ing to Dake, this probably does not include the transition 
zone at the contact with the Lamotte. 

This formation has furnished a considerable fauna, 
most of the spee i es ha ving been obtained from the lower 
part. The brachiopods abound in Obolus, Lz"ngulel!a, and 
Dicellomus, and the trilobites are especially characterized by
Crepicephalus (C. texamts, C. comus and C. thoosa as well 
as others ) and by Norzvoodia and Kingstonia. 

The discovery of a rich new fauna of 6 3  species in
cluding 4 new genera and 24 new species from the basal 
part of the Bonneterre dolomite of southeastern Missouri 
has just been an nounced by Christina Lochman.l 

"This fauna, comprising trilobites, brachiopods, ptero
pods, cystids and merostomes, represents a typical assembly
of the Crepz"cephalzts zone." 

Miss Lochman's study of the ecology of the Bonne
terre fauna, has led her to the conclusion that it was a 

typical benthonic group and obviously the fauna must be 
regarded as of littoral type.2 

So far as the species have been published the fauna 
is listed in Table V. 

The age of this formation was for many years regard
ed as Middle Cambrian, to which division it was formerly 
assigned by Bain and Ulrich. In his monograph on the 
Cambrian Brachiopoda, \Valcott also places this formation 

l Preliminary list of titles and abstracts of papers to be offered: 
at the 46th annua! meeting of the Geo!. Soc. of America, Decem-

ber 1933, p. 70. 
2 I use the term Littoral as defined in my Principles of Strati-
. graphy and Text-book of Geology, including in it both the Shore 

and Neritic Beits. 
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1n the Middle Cambrian, though in a footnote he suggests 
-a possible younger age. When Ulrich created his Ozarkian 
system from the higher formations of this region, it neces
sitated the shifting of all formations below to a higher 
level, and he therefore assigned this, together with the 
Lamotte, to the Upper Cambrian. In this he has generally 
been f ollowed by most later students. If however, as we 
believe, the Ozarkian represents Upper Cambrian, we may 
·confidently return to the old classification and refer all the 
beds of this region below the Potosi to the Middle Cam
brian. Ulrich ' s later correlation with the Appalachian suc
-cession rnakes it the equivalent of the Upper Maryville and 
the Upper Conasauga, and he correlates it further with the 
Cap 1\'Iountain of Central Texas and the Eauclaire of Wis
-consion. All of these horizons are here regarded as of 
l\Iicldle Cambrian age, although Ulrich and his followers 
place them all in the Upper Cambrian . Again recently dis
-coverecl faunas indicate equivalency with the lower Dead
wood f ormation of South Dakota.  

The Daz,is Formation. This is a more or less shaly 
series, with intercalated thin magnesian limestones, which 
·overlies the Bonneterre. Its thickness varies from 160-170 
ft, but aften it is entirely removed by the erosion which 
followcd the exposure at the end of Middle Cambrian, time, 
and before the transgression of the Ozarkian or Upper 
Cambrian Sea, so that the Potosi dolomite, the basal mem
ber of that series, sometimes rests directly on the Bonne
terre. "This is particu larly true over much of the south
east portion of the Edge Hill quadrangle."l Locally, also 
the Davis overlaps the Bonneterre and rests with a basal 
conglomerate upon the old porphyry. It is in perfectly 

l Dake Loe. cit. p. 79. 



202 A. W. GRABAU 

conformable contact with the overlying Derby formation 
and in many cases the name Elvins is used to cover both 
horizons. 

A :fauna with Hyolithes primordialis, Lz"1zgttlella aczt

tangulus, L. similz"s, Linnarssonella girlyi, Acrotreta 
mic1'oscopica mz"ssourimsis, Bz"llz"ngsella coloradomsis, and 
Eoorthis wichitaensz"s besides others, characterizes this forma
tion. Also, according to Dake, it is from this horizon that 
Beecher's famous Eurypterid Strabops thatcheri apparently 
came. But perhaps the most significant fauna, for purposes 
of correlation, is that of the gastropods, especially the genus 
Hypseloconus the species being those described by Berkey 
from the Upper Dresbach (Lower Franconia according to

Resser.) . The following species are listed by Dake as 
identified by Professor Bridge. 

Hypseloconus capuloides Berkey 
Ifypseloconzts cornutif01'mz"s Berkey 
Hypseloconus cylindrz"ca Berkey 
Hypseloconus francom"ensis Berkey 
H;pseloconus 1'ecurvus (Whitfield) 
H_ypseloconus recurvus attenuatus Berkey 
Hypseloconus recurvus erectus Berkey 
Hypseloconzts mar gz"natus Berkey 
Also other species related to Triblydium and a trilo

bite related to Maryvz"lha arion. 

The brachiopods Eoorthis remn·icha and Bz"llillgsel!a 
coloradoe1zszs often characterize certain horizons in great 
abundance and sometimes these form very persistent beds. 

. In his revision of the Palæozoic systems Ulrich corre
lates the Elvins (combined Da vis and Derby-Doerun) as a 
whole with the Nolichucky of Virginia and Tennessee and 
with the upper Conasauga of Alabama. In his latest un-
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published correlation table, he sugg�sts correlation 'with the 
Dresbach and Franconia, which is indeed strongly indicated 
by the Hypse!oconus fauna of the Upper Mississippi Valley. 
Ulrich also correlates it with the Upper Cap Mountain and 
all of the Wilberns of Texas, and the Honey Creek of 
Oklahoma. 

Dake reports the finding, in the vpper thin-bedded 
member of the Gallatin limestone of North-western -Wyom
ing, of a closely related fauna , interbedded with edgewise 
conglomerates . This lies «above the typical scarp of the 
lower massive Gallatin limestone and just below a typical 
flat-pebble conglomerate ......... in a considerable thi ckness 
of greenish shale and conglomeratic limestone." In this 
Bi!Hng-se!!a co!oradoalsz·s (Shumard) was identified by 
Kirk. This species and Eoortltis desmopleura Meek, are 
also found in a 50 ft. bed of interbedded limestone-conglo
merate and green shales, above the scarp of the massive 
Gallatin limestones in Clark Fork Canyon . The same 
brachiopod fauria, also occurs in the \Vilberns of Texas . 

Derby-Doertttz Formatz"ons. These were formerly in
clucled with the Davis and classed together w ith it as the 
Elvins f ormations . They consist of a slight thickness, 60 
to 80 ft. of massive non- cherty clolomites, which often 
show conspicuous cross-bedding of the eolian type, and it is 
suggested that these beds belong to the retreatal phase of 
the Middle Cambrian Sea, representing in part at !east the 
d isintegrated material reworked by wind activity. (See Pl. 
XII b in Dake 's report ) . Fossils are rare or absent, and 
often represented by broken fragments only , though near 
the base of the formation species of Obo/us seem to be 
abundant and from some beds of the Doerun Fi11ke!nbzw gia 
osceo!a has been reported. 
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Th�s forms the upper portion of Ulrich' s Elvins forma
tion,  which he classes as Upper Cambrian, because he 
makes the succeeding beds typical Ozarkian. From what 
has however been repeatedly said, this marks the terminal 
hori zon of the M iddle Cambrian in this region , and as we 
have seen, it is  separated by a great hiatus and discon
formity from the succeeding Upper Cambrian of the Ozar
kian type. The basal member of this higher series, the 
Potosi, rests disconformably on the Derby-Doerun, or where 
that has been removed by post Mid- Cambrian erosion on 
the Davis or even on the Bonneterre. 

D. The Upper llfississippi Region. 

The Upper l\Iissi ssippi Valley of southern Wiscons in 
and M innesota has l ong been noted for its fossil iferous 
Cambrian formations, which have been collectively classed 
as the St. Croix Series. Formerly the lower part of thi s  
ser ies was regarded a s  l\Iiddle Cambr ian while the uppcr 
part has always been referred to the Upper Cambrian . 
Since the promulgation of the Ozarkian doctrine however, 
the whole of this series has been l ifted into the Upper 
Cambr ian and has recen tly been made the type for the 
Upper Cambrian of North America by Resser. 

I however, ven ture to dissent from this almost universal 
acceptance, and to return to the older position , which makes 

the lower part of thi s  series Middle Cambr ian . The follow
mg table gives the subdivis ion of  the entire series, with 

my dass i fication added. l 

1 Sce the tab le given by Resser , i n  Bull. Geol. Soc. of America 
Vol . XLIV, No. 4, p. 738 and Ulrich's table in the Transactions 
of the Wisconsi n Aca demy of Sciences, Arts and Letters, Vol . 

XXI, 1924, pp. 82 and 83. Also his more rece nt table in the 

Bull. of the Public l\1useum of the City of Milwaukee, Vol. 
XII , 1 933, p. 135. 
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SUP ERFORMA TION 

St. Pe ter sandstone 

CAMBRO VICIA Jil 

Beekman town ( Canadian of Ulrich ) 
Shakopee dolomite 1 0- 1 0 0  ft. 

Upper Cam bria1t ( Ozarkian in part of Ulri ch ) 
Oneota dolomite 0-2 0 0  ft. 
Madison sandstone, including Mendota 

dolomite 
Jordan sandstone 
Trempealeau Formation 

3.  Norwalk sandstone 
member 

2 .  Lod i shale member 
l .  St. Laurence dolom-

5 0  ft. 
5 0  ft. 

2 5  + ft. 

5 0  ft. 
60- 8 0  ft. 

1 2 5 ft. 

ite member 
Mazomanie Formation 1 0 0- 1 5 0 ft. 

Hiatzts a1t d Disco1tj'ormz'ty 

.11-IIDDLE CAMBRIA N 

Franconia Formation with Ironton sand
stone at base 1 2 0 - 1 70 ft. 

(Usually absent in \Vestern 

Dresbach sandstone 
Eauclaire shale 
Mount Simon sandstone 

Wisconsin: - Ulrich) 
40-2 5 0  ft. 

2 0 0-3 5 0  ft. 
2 2 5-2 3 5  ft. 

Hiatus and ll1tc01iformz'ty 

SINIAN Keweenawan (or Pre-Cambrian crystalline) . 
The hi atus and disconformity between the Middle and 

Upper portion of the section is shown by the frequent 
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absence according to Ulrich, of the Franconia in Eastetn 
Wi sconsin, when the Mazomanie sandstone rests upon the 
Dresbach . and by the absence of the Mazomanie in Wes
tern \Visconsin . l  

It i s  also shown by the very s.triking faunal change 
between the Franconia and the succeeding beds . 

The following are the character s  in br ief of the for
mations here referred to the Middle Cambrian . 

The Mount Sim01z Sandstone. This represents the 
accumulation of residual sand during early · Cambrian and 
Sin ian time upon the exposed Old Land surface, and which 
was reworked by the advancing Cambrian Sea.  The fact 
that this old residual sand is for the most part pure, in
dicates that the old residual soil was extensively worked 
over by the wind, which removed much of the finer mate
rial while at the same time, the sand grain s were subj ect 
to wear, this resulting in the production of more or less 
rounded grains. The continuous wind activity, also resulted 
in a sorting of the grains, more or less according to s i ze.2 
It i s  safe to say, that probably the great mass of quartz 
sand which goes to make up the early Palæozoic forma
tions over the region of the Mississippian low land, i s  
this old residual sand, which has been repea tedly reworked 
by the sea, and reincorporated in successive deposi ts. If 
the material were the product of wave erosion along the 
shore, it would hardly show the purity of grain that is so 
commonly found in these formations, but would rather con
sist of a mixture of sand and ela y, or else sand f ollowed 
by clay instead of by limestones. Of course these basal 
sandstones are not everywhere pure quartz,  for the re are 

1 Ulrich 1924 
2 See Grabau. Text-book of Geology; Vol. Il; page 186. 
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day beds interbedded in some of the sections . But the 
.amount of clayey material is in no wise commensurate 
with that to be expected if these beds were en tirely the 
product of marine and river erosion, or the utilizat ion of 
the weathered material of the land, which had not pre
viously been sorted and pur ified by wind activity . And 
above all, the remarkable relationship so commohly met 
with i.e. the gradation between the sandstones and the 
succeeding li mestones or dolomitic rock couid n ot have 
developed, if there wetc much clay inaterial furnished to 
the waves of the transgressing sea. For in such a case we 
would have the l i meston es and sandston e of a single de
pos itional cycle separated by clay deposits, instead of the 
transition from sandstones into the succeeding limestones 
or dolo mites which i s  so commonly met with i n  these 
formations. 

That basal conglomerates are occasionally present in 
this series is of course to be expectcd, especially where 
the old rocks are porphyries or other cryptocrystalline 
igneous rocks. But the remarkable fact is  that the basal 
conglomerates are as a rule of very slight thickness and 

on the whole negligible, and this would imply that torrenti
al r ivers were essentially wanting in this  region dur ing the 
period of sea transgression, while wave activity as a whole 
was not very pronounced. All of this would indicate a fla:t 
low land surf ace across wh ich the sea tran gres sed. 

It is of course perfectly well known that in some 
sections cliffs existed, representing old erosion-remnants or 
monadnocks on the peneplane surface. Along the base of 
such monadn ocks , coarse debris would of course accumulate 
and here the basJ.l beds would consist of conglomerates or 
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even of boulder beds .l  But even in such cases wave activ
ity seems to . have been almost negligib1e, as is shown by 
the fact that the rich gastropod fauna with Hypseloconus 
and Triblidium dcscribed by Berkey from the upper Dres
bach or lower Franconia was obtained from the matrix of 
a conglomerate i n  the neighbourhood of old diabase mon
adnocks. The broken shells etc so ofter cited as evidence 
of strong wave activity can perhaps be explained · hetter as 
due to exposure to subaerial agencies . ( See below ) . 

Despite the occasional conglomerates, the fact remains 
that over most of the area covered by the early Cambrian 
sediments, the basal sandstone as well as those succeeding 
i t  consi st primarily of quartz grains, except of course where 
calcareous material is mingled with these grains. 

It has been repeatedly emphasi zed that the lithological 
composition of these Cambrian beds " is  maintained without 
apprcciable modifi cation over remarkably great distan ces. " 2  

The .Eauclaire Formalion. Thi s  consists mostly of 
thin-bedded, in part shaly sandstones, becoming coarse, white, 
friable sandstones towards the base. Fossils are abun dant 
and generally distributed in two marked zones. The lower 
one is characterized by the trilobite Cidarz·a, which is also 
reprcsen ted in the upper Conasauga and the Nol i chucky 
shale of the Northern Appalachians and serves approximately 
to correlate these horizons .  In the higher part the fossil 
zones are characterized by Crepz'cephalus, and th i s  again is 
a wide-spread hori zon in the Cambrian deposits of thi s  
region .  Crepicephalus is  especially characteristic o f  the 
Maryville and Nolichucky horizons of the Southem Appala-

1 Sec the il lustrations i n  Grabau, Text- book of Geology, Vol Il, p .. 
185 

2 Resser 1933, loe. cit. page 752. 
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chians and is equally characteristic of the Cordilleran region , 
where many of the Cambrian sections terminate with the 
Crejn"cephalus beds. ( Resser) 

The fauna of the Eauclaire ts gtven m Table V, 
Col. 17. 

D1·esbaclt Sandstone. This is a massive-bedded rather 
coarse-grained sandstone, with a thin bed of shale at the 
base, and shaly sandstones near the middle (Walcott ) . 
Resser calls it a "beach-dune deposit, which probably be
comes fossiliferous immediately west of the present Missis
sippi River, away from the old shore line." The fossils 
in the top an d basal portion of the series consist almost 
entirely of the shells of Dice!!omus and Li;zg-zt!e!!a. 

Berkeyl describes at length the li thological character 
of these formations in the St. Croix DaUes. He divides 
the Dresbach into two divisions, an upper Dresbach (A) 
and a lower Dresbach (B). The lower, of which about 
50 ft. are exposed in the region described by him, consists 
of sandy shales, loose clayey shales and calcareous shales 
in which th in layers of limestone l to 3 in ches thick occur. 
Finally there <:re pyritiferous shales in which secondary iron 
sulphide in little pellets and grains make up almost 1/3 of 
the mass. Fossils are abundant in individuals, though meagre 
in variety and they are most numerous in the calca reous 
shales. The pyritiferous shales also carr y a few fossils 
which are generally replaced by the iron sulphide, but the 
other beds of the formation are almost devoid of fossils . 
The upper Dresbach (A) has a persistent shaly develop-. 
ment in its uppermost and lowest members, between which 
is a greensand bed, which is coarsely arenaceous. The 

1 American Geologist. VoL XX, 1897, p. 373, et. !'eq. 
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typical section according to Berkey is as follows in descend
ing order. 

3. Shaly sandstone 
2. Green-sand 
l. Gray shale 

10 ft. 
20 ft. 
40 ft. (Exposed) 

The green-sand is a glauconitic mixture with broken 
fragments of Linguloid shells which are abundaht, though 
other fossils are not common. Cross-bedding characterizes 
this bed at Franconia and the quartz grains are comparatively 
large and well-rounded. The shelis are mostly broken, but 
undecomposed. Occasionally large pebbles of quartz occur, 
and near the old projecting ridges of igneous rock a basal 
conglomerate is found. It is from such a conglomerate that 
Berkey has obtained the r i ch fauna of gastropods ( Tribli
dium, IIypseloconus etc. ) already referred to, and which 
is listed in Table V Col l 8. The horizon is the upper Dres
bach or lower Franconia. 

These fossi ls correlate this horizon with the Davis 
formation of the Missouri region. 

The .Franconia i'ormation. This was named by Derkey 
from the village of Franconia in Minnesota, where it is 
exceptionally well exposed. Here it consists of an inco
herent fine sand at the top, preceded by more compact 
and thick-bedded layers in which thin seams of green shale 
occ�sionally appear. There i s  a general lack of calcareous 
matter and the f ossils are mostly molds, from which the 
original shell has been dissolved. The usual exposure 

· 
is 

about 100 ft, but Ulrich gives 125 + as the maximum in 
Minnesota , 120-170 in Western Wisconsin, whi le he reports 
i t  as usually absent in Eastern \V"isconsin. In Western 
Wisconsin Ulrich divides it into the following zones in 
descending order. 
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5. U pper Green-sand 54-70 ft. 
4. Y ellow sandstone 40-50 ft . 
3. Lower Green-sand 40 ft. 
2. Micaceous shale 15 ft. 
l. lronton sandstone member 2-12 ft. 

The lronton sandstone is now more often made a 
distinct division and though i t  only ranges from 2 to 12 
ft. in th ickness, it conta ins 2 distinct fossiliferous zones , a 
lower with the trilobite Camaraspz's convexus (Whizfield) 
(formerly referred to Ar-ionellus or Agraulus) , and a 
second one chara cterized by the trilob ite E!vz'nz'a roemerz' 
( Shumard ) , (formerly referred to Dz"ce!!ocepha!us an d  later 
to Pt;•choparz"a) . 

The lronton formation is remarkable in that in South
western Wiscons in it is composed mainly "Of reworked, 
wa shed and relativcly coarse res idual grains of Dresbach 
sandstones, the surface of which has previously been sub
j ected to subaerial bleaching and wear."l 

Ulr ich considers that there i s  a distinct break between 
the Dresbach and Ironton, marked by an undulating plain, 
above which washing and sorting of the loose quartz grains 
of the underlying f ormation is first indicated. 

The Franconia proper as now recognized, is divided 
accord ing to Resser into the following divi sions and zones. 

C. Pfychasp-is beds. 
2. Sa ukas p is  zone 
l . Ellip socephalus curtus zone 

B .  Conasp-is Beds. 
4. vVilbernia zone 
3. Taenicepha1us zone 

l Ulrich, Transactions of the \V isconsin Academy of Science Arts 
and Letters Vol. XXI, 1924, p. 93. 
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2. Unnamed zone 
l. Unnamed zone 

A. Eoortht"s beds 
2. Eoorthis remnicha zone 
l. Hypseloconus zone 

As has already been noted, there is a widespread zone 
with Eoorthis remnicha in a persistent bed of the Elvins 
or Davis formation of Missouri ,  occurring approximately 
about l 00 ft. above the top of the Bonneterre. On the 
other hand the Hypseloconus zone of the Elvins occurs 
about l O ft. above the top of the Bonncterre. Although 
these localities are some 400 miles apart, the zones appear 
to be persisterit, and this would suggest the equivalency 
·of these two formations and the essential uniformity of 
the area of deposition. The question may be raised as 
to the dassification of these beds, for the lower zone was 
originally placed below Berkey's typical Francon i,m and 
included in the Dresbach series. It is poss ible that no 
very great weight is to be attached to the break between 
the Dresbach and the Ironton, although a certain per iod 
of exposure of the former seems to have preceded the forma
tion of the latter. If may be one of those zonal breaks, 
which as we shall see later, are so characteristic of the 
marginal plain of the Caledonian Geosyncline. 

The Eoorthis beds are followed by the Conaspis beds, 

which in Western Wisconsin comprise 10-40 ft. of yellowish 
platy s::1.ndsto:1es, some of which are f illed ·with highly 
characteristic remJ. ins of trilobites. Here in the upper part 
occurs a zone character ized hy Tt:tem'cepltalus shumardi 
(Hall) Ulric:1 and Resser, fi rst described as a Conocephalites 

and later as a Co;taspis. The latter genus comprises a 
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number- of species forrrierly referred to Co7tocep!talz"tes.l Two 
unnamed zones of the Conaspis beds occur below the
Taenicephalus zone, whire above i t occur� the l1/ilber11ia 
zone with Wtlbernia diademata, originally descri bed as 
Pt;,choparia dz:ademata. 

The "Ptychaspis" beds consist of 50 to 70 ft. of 
green-sands with Ellipsocep!talus cnrtis and Chariocephalus 
zuhz"ifieldz' as the characteristic trilobites. 

In \Vestern W isconsin, the upper green-sand is suc
ceeded by the basal sand of the Trempealeau formation, of 
wh ich some 20 ft. underlie the St. Laurence dolomite. In 
Eastern Wisconsin on the other hand the Mazoman ie sand-
stone l 00� 150 ft . thick, l i  es below the Trempealeau . In 
th i s  region, the Franconia is usually absent and the Mazo
manie rests directly upon the Dresbach. Faunally, the l\1azo
manie is en tirely distinct from the underlying beds and to
some extent more nearly related to the succeeding Trem
pealeau. So far as the trilobites are concerned, the species 
found in this f ormation are confined to it. This is of course 
to be expected considering the extreme detailed discrimina
tions to which Ulrich and Resser have subjected the trilo
bites of these various formations. But generically, the 
:Mazomanie has both relationship w ith the overlying and 
underlying formations . 

Thus of the 2 7 specifically named spee i es of Prosaukia,. 
8 occur in the Franconia, and 3 in the Trempealeau, while 
18 are confined to the Mazomanie. On the other hand, 
of the 17 identified species of Saukiella, 3 occnr in the 
:rviazomanie and the remainder in the higher becls. The 
same thing i s  true of the brachiopods. Out of 2:3 species 
in the lower formations ( Franconia , Dresbach and Eau-

l See Walcott Il, p. 357. 
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daire) l O also occur in the higher beds, but it must 
be remembered that the brachiopods have not been subjected 
-to the r igid stratigraphic analysis accorded the trilobites. 
It is a matter of general agreement however, that the most 
i mportant break in the en tire series is located between the 
Franconia and the overlying Mazomanie-Trempealeau, and 
this together with the usual absence of the Franconia in 
Eastern Wi sconsin may be taken as evidence of a marked 
disconformity and hiatus at this horizon. It is here that 
Hall and Sardesonl drew their dividing line between the 
Upper and Middle Cambrian, and it  is here I would also 
place the dividing line. 

E. The Deadwood Section o.f South Dakota 

In the Black Hills region of South Dakota and the 
adjoining area of Eastern Wyoming, the Palæozoic section 
begins with the Deadwood Formation, which rests di rectly 
upon the Pre-Palæozoic cryst:1.1lines. This f ormation ranges 
from 40 ft. or less in the sontheastern part of the Black 
Hills, to 500 ft. or more in the northern part. 

Three main divisions are readily recogn ized in the 
Deadwood formation, a lower brownish or buff coarse quart
z itic sandstone or quartzite, conglomeratic at the base ; a 
middle, less indurated portion, made up chiefly of thin-

1 C. \V. Hall and F. W. Sardeson. The Magnesian Series of the 
Northwestern States. Bulletin of the Geo!. Soc. of America 

Vol. VI, 1895, pp. 167 (170) Ulrich makes Hall and Sardeson 

include the Franconia in their St. Lawence series which would 
place their faunal break below the latter. As a matter of fact 

however, the term Dresbach as used in 1895 included the 
Franconia as the upper Dresbach, and this origi nal upper Dres
bach was raised to the rank of an independent formation by 
Berkey in 1898 and given the name Franconia. 
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bedded, sandy, glauconitic shales or limy beds, that are in 
places more or less filled with flat calcareous pebbles; and 
an upper massive, huff or reddish sandstone which l ike the 
lower member i s  locally quartzitic. In places the upper 
sandstone is over1ain by several feet of thin greenish shales, 
at the top of wh ich there appears here and there a local 
sandstone. Above this  follows disconformably the White
wood l imestone of Ordovician age.l 

Near the town of Deadwood, in the Northern Black 
Bills, the type locality, the ba.sal member averages about 
40 ft. +in th ickness, the M iddle member more than BO O ft. 
and the upper member 50 ft. Fossils are abundant and 
well preserved i n  many places and occur at many hor i
zons. 

According to a preliminary announ cement,2 a collection 
made in 1932 by a Smith College Field party, at the type 
local i ty on Whitewood Creek, has disclosed the presen ce of 
a Crepz·cephalus zone, 48 ft. above the contact of the Dead
wood, with the pre-Cambrian schists «The bed is moder
ately fossiliferous but the specimens have been broken and 
exhibit the effects of rough treatment in agitated water." 

The following species are given by Myerhoff and 
Lochman, as identified from thi s  stratum. 

Dicellomus fiestus Lochman 
Dicellom?ts pectenoz"des ( Whitfield) 

1 C. C. O'Hara. Guide-book, 25, 16th International Geol. Congress 

1932. p. 12. 
2 Preliminary list of titles and abracts of pa pers to be off er ed at 

the 42nd annua! meeting of the Geolo.gical Society of America 
December 1933, p. 36. Howard A. Myerhoff and Christina Loch:.. 
n1an. 
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Dicellomzts pol#us ( Hall ) 
H yolithes prinwrdial·is (Hall) 
Pseztdagnostus dakotensis Myerhoff & Lochman 
Paracrepicephalus thoosa ( Walcott) 
Anomocarella modesta Myerhoff & Lochman 
Ki1zgstonia convexa Lochman. 
Lonchocephaltts minor? ( Shumard) 

In addition to thi s  are unnamed species of Litagnos
tus, Crepicephalus?, Paracrepicephalus, Coosz·a etc. 

According to the authors, the presence of Paracrepice
phalus thoosa (Walcott) i n di cates the equivalency with the 
widely distributed Crepicephalus zone which the authors, in 
accordance with general usage, refer to the early Upper 

·Cambrian. 

This species is character istic of the Upper Conasauga, 
Honaker and Maryville format ions of the Southern Appala
chians and these according to the classification here advo
cated represent typical Middle Cambrian, and i t  i s  doubtless 
to this horizon that the lower part of the Deadwood must 
again be referred. This has been its position prior to 
the promulgation of the Ozarkian doctrine. 

The character an d  mode of preservation of the f ossils 
in this horizon appears to have considerable s ignificance. 
According to the authors the specimens were broken and 
they refer thi s  to treatment in rough water. It may how
ever be questioned, if on a flat sandy surface, such as 
that whi-ch characterized the ent ire region of St. Croix 
deposition in Cambrian time, wave activity could have 
played such a prominent part. It i s  a well-known fact, 
that on flat sandy shores, the most delicate shells ·can be 
picked up unbroken after even a heavy storm which has 
east them ashore . Along steep shore lines, shells are of 
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coarse often ground i!lto unrecognizable fragments, but on 
shelv ing shores they are merely worn by the drifting sands 
and seldom broken. Moreover, they are mingled with the 
sand and so protected from contact with one another, and 
if there are no pebbles or boulders which can serve as 
t ool s for the waves to pound up the shells with, there is 
l ittle likelihood of their being broken into fragments. Often 
where shells of one species accumulate in masses, as may 
be seen fre,luently on many shelving shores, they are seldom 
broken, although by mutual attrit ion, they may be more or 
less worn. Even on moderately steep shores, the shell
sand, accumula.ting near the level of high tide, contains an 
abundance of unbroken and aften unworn young shells, and 
here indeed we find the protoconchs of young gastropods 
as a rule, perfectly preserved. 

Although there are few observations on record re
garding the occurrence of the exoskeletons of horse-shoe 
crabs ( Lz'mu!us) which may be regarded as the nearest 
analogue of the shed exoskeletons of trilobites, those that 
are available, supplemented by my own observations, point 
rather to a p revailingly complete p reservation of these 
structures. for they are readily buried in the shiftjng sands 
.and thus preserved from any grinding action, unless they 
happen to be in the zone of agitated pebble beaches. 

Without attempting to stress the point unduly, it 
may at least be remarked that cauti on should be 
used before referring such beds of broken organisms 
to the effect of wave activities. It appears to mt"; 
that we have here rather an indication of subsequent ex
:posure to subaerial activity, of an extended san d area 
enclosing organic rema ins. lf these .. de.posits represent the 
sediments of the northern margin of the Middle Cambria� 
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shallow sea, they would on the retreat of this sea, renuin 
exposed for perhaps mill ions of years befare the return ing 
Upper Cambrian sea would resubmerge them. During this. 
long :interval the shifting of these sands and their subjec
tion to the vicissitudes of a more or less arid climate. 

would result in the fragmentation, though not necessarily 
the complete destruction of the shells and t rilobite exo
skeletions, and this  to an extent over vast areas which no
wave activities would accompli sh. For if the destruct ive 
effect of the waves were so comprehensive, it would be 
difficult to understand how organisms could continue to 
exi st in such waters. The Upper Cambrian sea would 
assemble the scattered fragments and by gravitative selection 
arrange them in a more or less continuous fossil bed. With 
this may easily be included Upper Cambrian species . 

Even temporary exposures, for a few months or years , 
such as may readily have occurred a number of ti mes,. 
during the deposition of a single formation, might account 
for the broken character of the shells in certain localities. 
where.:1.s to attribute the breaking of many shells, no more 
than one fourth of an inch in diameter, largely if not 
wholly to wavc activi ty, would require a confidence in the 
power of the waves that can only be based on more .wide
spread observations of modem examples, than are at present 
availa ble.  

If  on further examination of these beds of fragmentary 
fossils, it becomes established that such fragmentation i s  
due chiefly t o  subaerial exposure of the unconsolidated 
sediments, they may serve as a suitable guide for the 
location cf the disconformity between the Middle and the 
Upper Cambrian portions of these widespre<j.d early Palæo
ozic sandstone formations . -
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3fiDDLE CAJ1fBRIAN OF THE PALÆO
CORDILLERAN GEOSYiVCLilVE 

It i s generally recognized that nowhere is there such 

a complete Jevelopment of the Middle Cambrian as in the 

Cordilleran region of Alberta and Br itish Columbia. It i s  
·on this account that I have suggested the name Alberta1z 
for the Middle Cambrian pulsation, which is here seen to be 
more completc than elsewhere though because of the prevailing 

·calcareous character of the formation, it is difficult to dif
ferentiate the transgressive from the retreatal portion . As 
one of the best known and standard sections, we may take 
that of Mount Bosworth on the Continental Divide between 
Alberta and British Columbia. The mountain lies directly 

north of the head of Kicking Horse River on the main 
crest of the ranges, and some 1 O or 1 1  mile s North-west 

of Field station on the Canadian Pacific Railroad ( approxi
mate Longitude 1160 Vv.; Latitude 51 oao' N). Other 
important scctions in the immediate vicinity are those of 

lVIount Stephen, Mount \Vhyte, and Fossil Mountain . \.Val
<:ott says of Mount Bosworth "It contains one of the large st 
and most com?lete Cambrian sections in the Canadian 
Rockies. North of :\1ount Bosworth the sequence and char
acter of the formations as expressed throughout the Bow 
Range, begin to change and the section loses its complete
ness"l As in most of the Canadian Rockies, the strata 
are little disturbed, being only gently inclined and unme
tamorphosed. The entire succession in Mount Bosworth is 
as f ollows in descending order . 

1 \Valcott Cambrian Geo!. and Pal. Vol. V (Smithsonian Miscell. 
collection, Vol. 75, No. 5,) pp. 308-309, Pl. LXVII 
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I. Mount Bosworth Sertz.on 

Upper Camb1-iam 

Sherbr0ok Formation 1375 ft. 
3590 ft. 

Paget Formation 360 ft. + 
Bosworth Formation 1587 ft. 
Arctomys Formation 268 ft. 

Middle Cambria1Z 4580 ft. 
Eldon Formation 2728 ft. 
Stephen Fom1ation 640 ft. 
Cathedral Formation } 
Ptarmigan Formation 

1212 ft. 

Lower Cambrian 1453 ft. 
Mount \Vhyte Formation 350 ft. 
St. P iran Formationl 503 ft. 
Fort Mountain F ormation 600 ft. 

The equally famous MoUNT STEPHEN section lies 7 
miles west-south-west of the Mount Bosworth section, and 
here the thicknesses of the f ormations are very nearly the 
same. Several other i mportant sections occur within a 
radius of 5 to l O miles. 

In this paper we shall discuss only the Middle Cam
brian beds, ref erring to the U pper and Lower Cambrian 
only so far as their limiting relations are concerned. 

Characteristics of the .JI,fiddle Cambn.mz 

Formations 

The Ptm�migan Formation. Thi s  is named from Ptar
migan Peak Massif, where it is exposed at the base of the 

l In the Lakes Agnes and Louise region, about 5 miles 5. E. of 
Mount Bosworth, the total thickness of the St. Piran is 2705 ft. 
which is assumed to be its maxirnum. (\Valcott, loe. cz"t. p. 
314) 



MIDDLE CAMBRIAN OR ALBERT AN PULSATION 221 

section 4.75 miles N.N.E. of Lake Louise Station, on the 
Canadian Pacific Railway. In both the Mount Bosworth 
and Mount Stephen sections it has not been differentiated 
from the Cathedral formation, but its presence there is 
indicated by the characteristic fauna in the lower part of 
this fonnation. In character, it is more or less arenaceou$ 
gray l imestone with interbedded hands of thinner-bedded. 
dark-bluish black l imestone and some interbedded beds of 
shate. The most important of these shales is the Ross 
Lake Shale, typically exposed in the Ross Lake section. 
on the south side of the Canadian Pacific Railway, l mile 
S. S. W. of Mount Stephen Station on the Continental 
Divide. This shale is greenish and dark-gray, compact and 
siliceous and has a thickness of 7 feet. It contains an 
abundant fauna in \vhich the tr ilobite Albertel!a is the 
dominant onc ( 63j )1. In this section, the base of the 
shale is 50fl ft. above the tcp of the Mount Whyte For
mation. 

On the slope of Mount Bosworth, the shale is some
what thicker and contains nearly the same fauna. The 
following are the th icknesses of the Ptarmigan fonnation 
in a number of imr>ortant sections. 

A. (Il) Ptarmigan Peak about l O miles E.N.E. 
of Moun t Stephen 516 ft_ 

B. (Ill ) Bow Lake �O miles N.W. of Ptarmigan 
Peak 534 ft. 

C. (IV) Ross Lake 8.5 miles W.S. W. of 
Ptarmigan Peak 664 ft. 

l The.se are vValcott's locality numbers, and are cited for ready 

reperences to the original articles. 
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D. (VI) Castle Mountainl in Bow Valley about 
2 3.5 miles S. E. of Mt. Stephen. 272 ft. 

E. (Vli) Ghost River on Rocky Mountain Front, 
55 miles E of Mt Stephen 1 12 2 ft. 

A (II2) Ptarmigan Peak At Ptarmigan Peak the sub
division of the formation is as follows ( Walcott V, p. 
278) 
Super Forma/ion: Cathedral limestone 
Ptarmigatt Forma/ion 5 1 6  ft. 

l a. Thin-bedded fine-grained, hard, 
dark, gra y to grayish black arenaceous 
limestone 4() ft. 

The fauna ( G3b) includes 
Zacanthoides cimon Walcott 
Neolemts c01zstans Walcott 

lb. Finely arenaceous limestone i n  
thick alternating hands of a light-gray and 
dark lead-gray colour. The lower 20 ft. 
light-gray, finely arenaceous lam inated 
limestone 2 70 ft. 

The fauna comprises trails and annelid borings which 
occur abun dantly within the layers and on their surfaces. 
The Ross Lake shale (not exposed) occnrs probably about 
100 ft. below the top of the section. 

l c. Massive-bedded, bluish-gray more 
or less finely arenaceous limestone, with 
many dark layers of oolitic limestone, the 
ooliths varying from 5 to 25 mm in 
diameter. 11 O ft. 

1 About 15 miles in an air line \V.N.W. of Banff Station Alberta 
Canada. 

2 Section numbers used in the text and diagrams. 
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Only a few minute fragments of trilobitc tests were 

Subfonnation Mount Whyte (L . Cambrian) 
There i s  no recogn ized disconformity between the 

Ptarmigan and Mount Whytc, but as d iscussed in the pre
ceding article, there is much indirect evidence for its 
existence, Not only is the variability in thickness of the 
two formations pronounced, but above all, there 1s the 
abrupt change of the fauna. 

B (Ill) Bow Lake. At Bow Lake, the subdivision of 
the Ptarmigan is as follows. (Walcott V, p. 324) 
Superj"ormatio1z, Cathedral l imestone. 
Ptarmzgan Format ion 534 ft. 

l. Bluish gray, thin layers in mas-
sive bed s l 08 ft. 
The fauna consists of fragments 
of Neolenus 

2. Ross Lake shale. Dark sillceous 
shale with the Albertella fauna. 6 ft. 

3. Thin layers of bluish gray lime
stone i n  massive beds breaking 
down on slopes but quickly bc
coming more massive-bedded and 
cliff -forming, and passing below 
into gray rocks. 154 ft. 

4. Deep bluish-gray, massive-bedded 
coarse limestone, more or less 
mottled on weathered surfaces 144 ft. 

5. L ight-gray, more or less mottled, 
rough weathering li mestone in 
massive layers 6-50 ft. 122 ft. 
( The f ossils are annelid borings.) 

Sttbformatz·o,z Momit Whyte. (L. Cambrian) 762 ft. 
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Again, there i s  no recognized physical break. The 
npper bed of the Mount Whyte, is thin-bedded rough
surfaced, bluish gray limestone, passing into coarser magne
sian, thin-bedded limes tone. The annelid borings in the 
Iowest bed of the Ptarmigan ( No. 5) indicate shallow water 
and theref ore support the idea of a hiatus and discon
f�rmity. 

The Mount Whyte in this section has a total th ickness 
of 762 ft. which is  twice its thickness in the Mmmt Bos
worth and Ptarmigan Peak sect ions, and more than 3 times 
its thickness in the Castle Moun tain and Ross Lake sections. 
In addition to that we have the abrupt change in fauna. 

C(IV). Ross-Lake sectio1z. Here the detailed section 
is as follows ( vValcott V, p. 30o) 
Superformation Cathedral l imestone. 
Ptarmigan .formation 664 ft. 

1 . Thin-bedded, p1ore or less aren-
aceous and mottled l im�stone 155 ft. 

1 a. Bluish gra y limestone in thin 
irregular layers, interbedded in 
a greenish siliceous shale. 3 ft. 

2. Ross Lake shale. Green!sh and 
dark gray compact siliceous · 
shale, 

. 
weathering to l ight gra y 

when long exposed, when the 
sol id hard layers become shaly. 
This shale i s  characteri zed by 
an abundance of the Albertella 
fauna, 7 ft. 

3. Massive-bedded, gray and mot
tled, rough weathering arenace-
ous l imestone l GO ft. 
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4. Compact, dove - gray - coloured 
limestone in. thin layers· · l 2 ft. 

5. Massive-bedded, dirty-gray col
oured rough-weathered calcare-
ous sandstone 275 ft. 

6. Alternating layers of bluish 
black and steel-gray hard lime
stone 

Subformatt"on Mount Whyte Formation. 
52 ft. 

248 ft. 

Again no indications of a ·physical disconformity are 
recorded, but such probably exists. The upper bed of the 
l\Iount Whyte consists of 43 ft. of gray to grayish black, 
thin-bedded oolitic limestone with many s.mall fragments of 
trilobites and is preceded by a 5-foot bed of sandstone 
and are,naceous limes.tone. The total· thickness of the Mount 
vVhyte here is only 248 ft. and the total thickness of the 
Ptarmigan is 664. In the Castle Mountain section, where 
the Mount Whyte is also 248 ft, the Ptarmigan is only 
272 ft, or almost 1/3 the thickness of that at Ross Lake. 
If the dividing lines are correctly drawn, these differences 
m thickness cannot be without marked significance. 

D(VI) Castle Mountat"n Section. The lower part of 
the Middle Cambrian at Castle Mountain shows 
the following divisions (Walcott V. p. 276) 

Super formatt"on Cathedral formatio;z 
Ptarmigan Formati01z 2 72 ft. 

] a. Bluish-black fossiliferous lime-
stone 
This contains a fauna peculiar 
for the small size of the indi
viduals, this suggesting adverse 
conditions and the production of 

12 ft. 
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dwarf faunas. T;he genera Al
bertella and D(Wypy ge are char
acteri stic, and this suggests that 
we are dealing here with the 
A/berte/la zone. 

lb. Gray arenaceous limestone 260 ft. 
In nearly every bed; this i s  
marked by large i rregular dark 
annelid borings. A bo ut 7 5 ft. 
from the base, the l imestone 
passes into gray quartzite sand-
stone. 

Sub.formatimt. Mou1zt Whyte. (L. Cam-
brian) 248 ft. 

This consists of 136 ft. of limestones with indeter
minate f ossils, though in the upper 40 ft. there are some 
undescribed trilobites (hori zon 58d) . Bclow this in l c, 
which consists of 22 ft. of dirty-brown sandstone , the typical 
upper Mount \Vhyte fauna is found. No evidence, of a 
physical disconformity between the Mount Whyte and the 
Ptarmigan i s  recorded but i t  probably exists. 

E(VII) Ghost River Section, on the Rocky Mountain 
front. 

This section is 55 miles east of Mount Stephen, and 
the characters according to W alcott are as f ollows (\V alcott 
V, p. 62). 
Super(ormatz"o1z Devonian Ghost River Series 

IIiatus and Disconformity 

Upper and Middle Cambrian 
l. Thin-bedded gray l imeston e, with 

abundant annelid trails on wea-
thered surfaces 2 52 ft. 

1122 ft. 
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2. · 
Cray and bluish-gray thin-bedded 
l imestone shelf or terrace-form-
mg 40 ft. 

3 .  Massive bedded cl iff-forming 
gray l imestone weathering into 
thin layers 830 ft. 

Sub.formaft·mt Lower Cambrz"a11. 
The fauna obtained from the 3 divisions above l i sted, 

include that of the Ptarmigan hori zon with Albertella, the 
Stephen horizon, with Glossop!eura, and apparently also 
Upper Cambr ian , wi th Ptychaspis. Considering the fact 
that the total ser ies is only 1 1 2 2 ft, it would seem that 
there is at least one hiatus or more, -one of them at 
the base of the Ptarmigan, the other between the Stephen 
and the Upper Cambrian. Walcott holds that it is prob
able that, " the Cambr ian section of the Fron t Range, be
tween the South Fork of Ghost River an d  the South Fork 
of Panther River, and probably still farther northwest, in
cludes the St. Pi ran and Moun t \\-�lyte formations of the 
Lowcr Cambrian, and the Ptarmigan formation of the M iddle 
Cambr ian, with which the sect i on terminates at a plane of 
disconformity resulting from the n on-deposition in thi s  region 
of the M iddle and Upper Cambrian and later formations 
up to the Devon ian . " l  

I n  view o f  the faunas above referred t o  it  i s  possible 
that this op in ion needs revision. 

I llfozmt Boswort!t .  ( Walcott V, p . 3 1 2 ) Retuming 
to the Moun t Bosworth section we must note that the 
PtJ.rmigan has not been differentiated from the Cathedral, 
but that i ts presence is shown by the occurrence of the 
Albertdla · fauna in the dr i ft on the south slope of Mount 

l \Valcot:: ,  L<'( . cit . p. 2ti3. 
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Bosworth . The lowest division of the Cathedral . consists 
of 12  6 ft . of thin-bedded arenaceous lim estone, with an

· nelid borings and trails in some of the layers, and this is 
succeeded by 68 2 ft . of massive arenaceous li mestone. Since 
the total thickness of the Cathedral and Ptarmigan is only 
1 2 1 2  ft . and it is followed by the Steph en , it is probable 
that the Pta rmigan portt on is of slight thickness, and that 
the Alberte!!a zone occur s  either n ear or at the ba se of 
the lowest 1 2  6 ft. (di vis ion l c ) or immediately above it. 

-The underlying Mount Whyt e formation which here has a 
thickness of 3 9 0  ft . ha s a typ ical Jamese!!a !owi zon e 
1 6 0 ft. below the to p o f  the Mount \V hyte. The upper 
1 2 0 ft . are also arenaceous li meston es, with a n nel id trail s  
and bor ings . As alrea dy outlined i n  the earlier art icl e, 
there are a number of typ ica l f ossiliferous zones at lower 
horizon s.  

V. jVfount Stephm (Wa lco tt V, p. 3 1 6) In this 
sect ion to o, the Ptarmigan has not been diff erentiated. The 
th ickness of the Ca thedral formati on,  wh ich probably in
cludes it i s  1 fi 8 0  ft. to the base of the Steohen for ma -J_ 
tion ,  tho ugh that thickness is est imated rather than measured . .  

The lower 60 ft . consists of massive-bedded a renaceous 
dolomitic limestone, wh ich rest s u pon the Mount Whyte, 
which itself has a th i ckness of a 1 5  ft. and conta ins 7 

_ fossiliferous zoncs ( see article l ) . The high est of these 
with J amese!la lowi etc, l ies at the very to p of the Mount 
Whyte, and if we are p ermitted to judge by th icknesses, 

.appears to be unrepresented in the other scctions . 

Summary of the sections on the Canadian Pacific. 

Text-Fig. 4. 

It is perhaps dangerous in s ect ions of this type to 
j udge of th e relationships of the format ions by the occur-
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TeJ< t --Fig. 4. Sect ions in the Canadian Rockies (Northern Palæocordilleran Geo
syncl ine) showing the variat ion in t h e  pos • t ion of the Albtrtdla-zone of the Ptarmigan 
Formation ( Low est Mid dle Cambrian ) and of the Jomeulla lo'Uoi zone of the Mt . Whyte 
Format ion ( H ig hest Lower C ambrian ) as evidence for a d isconformity  between the two.  
The sect ions are : J ,  Mt . Boswort h .  U, Pt armigan Peak . Ill, llcw Lake IV, Ross Lake; 
V, Mt . St ephen; VI, Cast le Mt . (For locat ion ;ee Hrall inset map ar:d text ) 
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rence of similar fossiliferous · zones, because the possibility 
that other still undiscovered zones may occur at ·other 
horizons, cannot be excluded. Nevertheless, it may be worth 
while to · summarize what i s  knmvn of the occurrence of 
these zones . 

The three best determined sections form al most an 
i soseles triangle, ( See Text-Fig. 4) the base of which is  
formed by Ptarmigan Peak (Il) on the northeast and Ross 
Lake ( IV) on the southwest, wi th a distance between the 
two p oints of 8.5 miles; ' \vhile the apex of the triangle 
is formed by Bow Lake ( Ill) on the Northwest, di stant 
about 20 miles from each of the other points . At Bow 
Lake ( Ill ) the Ross Lake shale with the A!berte!!a fauna, 
l ies l 0 8 ft. below the top of the Ptarm igan . Twenty miles 
S.S.E. at Ross Lake, ( IV) the same horizon lies l 5 G  ft. 
helow the top, while at Ptarmigan Peak, ( li ) the north
eastern end of the base line of the triangle , its position is 
given as approx imately l 00 ft. below the top, though the 
actual outcrop has not been observed. This same horizon 
in the 3 sections lies at the following di stances above the 
top of the Mount Whyte. 

Bow Lake ( Ill ) 42 () ft. 
Ross Lake (IV)  G O �  ft. 
Ptarmigan Peak ( Il )  32 6 ft. 

This var iation in thi ckness may of course be due to 
local variation in sediments, but i t  also is possible that it  
represcnts variation due to overlap. Taking the sa me sec
ti ons, we have the following thicknesses of the unclerlying 
l\1oun t \Vhyte, whi ch in each case rests upon the St. Piran 
sandstone. · 

At Bow Lake ( Ill) 
At Ross Lake ( IV ) 
At Ptarmigan Peak ( Il )  

7 6 2  ft. 
2 48 ft. 
3 4 2  ft. 
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This is a much more pronounced var iation and suggests 
irregularity of off-lap or of erosion before the a dvent of 
the Ptarmigan, rather than inequal ity of deposition. 

If we now take account of Mount Bosworth and Mount 
Stephen, both . of which lie on the base lin e or its extension 
(Mount Bosworth lies almost mid-way between the two end 
sections, and Mount Stephen l �  miles or 2 miles south
west from Ross Lake) we meet with even more striking 
differcn ce in the Ptarmigan, provided our interpretation of 
the positz"on of the Albertel!a zone is correct, for in Mount 
Bosworth ( l ) it lies 1 � 6  ft. or less ab ove the base and 
in Mount Stephen (V) 60 ft. or less . 

Equally striking is  the variation i n  the underlying 
Mount Whyte formation . Thi s  will be brought out if we cor
relate, the lowest zone in wh ich Jamesella lowi makes its 
appearance in the Mount Whyte formation . Thus taking 
the sections in the order from South west to North east along 
a distan ce of not more than l O or 1 1  miles, we have the 
follmving positions of this zone. 

Mount Stephen ( V) 
Ross Lake ( IV) 
Mount Bosworth (l) 
Ptarmigan Peak (Il ) 

Elavation above Position below 
base of top of 

Mount Whyte Moun t Whyte 

2 5 8  

1 8 5 

� 30 

2 5 3  

5 7  
6 3  

l (}0 

90 

In Castle mountain 2 3. 5  miles southeast of Mount Ste
phen, a bed with a typ ical upper Moun t Whytc fauna and pre-
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sumably . including J amesella lowz', Iies l l 2 ft. above the 
'base and 1 3 6 ft. l:elow the top. In this section, the Ptar
migan has a thickness of 2 7  2 ft. with the Albertella fauna 
in the upper 1 2  ft. or 2 60 ft. above the base. 

Again in the Bow Lake section, 2 0  miles N. N. W. 
·of Mount Stephen, the J amesella lowi horizon has not been 
l ocated, but if we assume it to b e . in a hori zon approxi
mately � 50 or 300 ft. above the base, .as in the other 
sections, it would lie more than 4 60 ft below the summit 
of the Mount Whyte . ( See Text-Fig. 4 ) . 

While not considering them as ab solutely conclusive, 
we may at !east hold that these figures are suggestive of 

.a disconformity between the Mount Whyte and the Ptar
migan, and this in terpretation is supported by the general 
shallow water character of the early Pta.rmigan , and often 
the late Mount Whyte, on e i ther side of the disconformity, 
and enormously strengthened by the f act that there is a 
-complete change of fauna as already brought out in our 
tables in the preceding article. 

Section VIII. The Si_f_fleur River Section 

( About 46 miles north of Mount Bosworth ) 
(Walcott V. p .  3 3 7 )  

Here we find the Moun t Whyte formation only 1 40 
ft. thick and carrying the Olenellus and Bonnz'a faun� 
characteristic  of the lower part of the formati on farther 
south. The Ptarmigan formation which overl ies it has a. 
thickness of i W 6  ft. ,  an d carries the Albertella fauna, though 
the exact lev el of thi s  has not been recorded. It should 
however, be notecl that \i\Talcott suggests the possibility that 
hecls 2 b, 2 c, and 2 cl  of the overlying Cathedral Formation,. 
with a combined thickness of 370 ft, may have to be re
.fcrred to the Ptarmigan . Including these b eds howev er,  the 
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thickness of the Cathedral is only 1 2 40 ft. to the base of 
the Stephen ( here called Murchi son formation ) so that from 
the point of thi ckness alone, it i s  probably more l ikely that 
the whole is referable to the Cathedral . 

Sectz'on IX. The Robson Peak SectioJZ 

(Walcott V, p .  3 60 ) 
This scction which is about 2 0 0  miles north of Mount 

Bosworth is  remarkable in that here too, the Albertella 
fauna i s  found in  the lower member of the Middle Cam
brian.  This is the Chetang formation 9 0 0 ft. in  thickn ess .. 
It consists of bluish gray thin -bedded l imestones, with Al
berte/la bosworthz' at a horizon 3 5 0  ft. below the summit, 
or 5 5 0  ft. above the base. l 0 0  ft . below the summit or 
8 0 0  ft.  above the base is a fauna wi th Zacanthoides sp, 
Bathyuriscus sp. and Nisusia sp. The formation is suc
ceeded by 3 0 0 0  ft. of higher M i ddle Cambrian strata, and 
rests upon the Hota formati on of Lower Cambrian age, 
which, 3 0 0  ft . below the summit, carries the Olenellus 
canadensz's fauna and at a lower hori zon the Callavz'a
U7a7zneria fauna already discussed (See article l ). 

Scction XIII. The GO?-don Mountain Section 

This i s  s ituated in Powell County Montana, about 2 8 5· 
miles south of Kicking Horse Pass, i. e.  Mount Bosworth . 
The succession of formati on s here is as given on the n ext 
page : in descending order. (Walcott IV p . 1 6 )  

The thicknesses in  other Montana sections are added. 

The decrease in the th ickness of the Flathead sandstone 
is regular eastward from Helen a but northeast of Helena the 
thickness i s  unusually high .  On the other hand 60 miles 
northwest of Helena at Gordon Mountain it is again thin-
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ner than at Helena. The W olsey shale, also varies very 
greatly in thickness from west to east. In Gordon Moun-

15-20 Little Big 
Gordon He lena Miles Belt Mt. Snowy 

Mt. 
Montana 

N.E. of 60-70 Mts. 60 

Montana He lena Miles E. miles E. 
XIII XIV Montana ofHelena of Belt 

XV XVI Mt.XVII 

Up per C ambrian 
7 Y ogo limestone 835 170-450 - 130 -

Middle C ambrian 
6 Dry CreekShale 64 40 - 40 --
5 Pilgrim Lime-

sto ne 545 317 340 9'7 -
4 Park shale 47 150 290 800 -
3 Meagher lime-

sto ne 145 450 720 100+ 300 

2 Gordon shale 284 4201 6951 1501 7501 

1 Flathead sand-
stone 125 300 640 160 75 

Total, Formations 1-51 1146 l 1637 2685 l 1307 l 1123+ 

Hiatus and Disconformity 

Sun-FOIBIA'l'ION: Belt Terrane ( Sinian ) . In all sections. 

tain, where the formation is called the Gordon shale, it has 
the following subdivision in descending order. ( Walcott lY 

P• 17). 
6a. Chocolate or purple argillaceous sandy 

shale 
Fragments of the fauna from the next 
lower bed occur here. 

64 ft. 

1 In these sections the name Wolsey is used instead of Gordon. 

They may or may not be exact equivalents. 
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6b. Dark greenish argillaceous shale, wea-
thering a dark green. 3 5 ft. 
(A brachiopod and trilobite fauna ( 4q) 
was found here but without Albertella). 

6c. Layers of impure limestone, separated 
by dark greenish shale 21 ft. 

6d. Greenish and gray shales, with inter-
bed ded sandy shales and sandstones. 164 ft. 

82 ft. above the h.'1.se, Albertella is 
found in a thin layer of sandstone, and 
between 75 and 90 ft. above the base 
occurs a rich Albertella fauna (Loe. 
4 v). 

The Flathead ? sandstone, underlying it with a total 
-thickness of 125 ft, shows the following subdivisions. 

7a. Thin-bedded, greenish and bvown sand-
stone, with shaly sandstone partings. 43 ft. 

Characterized by annelid borings and 
trails, by mud-cracks and ripple-marks. 

7b. Gray sandstone in thick beds, some of 
which have quartz conglomerates, with 
pebbles up to � of an inch in dia
meter. 82 ft. 

In a thin arenaceous Iayer 20ft. above the base, frag
ments of Alberfella were found. 

Twelve miles northeast of G'O'rdon Mountain, on the 
Continenttl Divide, the AlberteUa fauna occnrs in a thin
bedded: shaly brownish sandstone, believed to represent 7a 
of the prececling section. The thickness o( all the forma
tions is< grea:test in Section XV N. E. of Helen a and so is 
that of the entire Middle Cambrian exclusive of the thin 
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Dry Creek shale at the top. From this section the decrease 
is in all directions. 

From Gordon mountain east to Big Snowy mountain 
the Middle Cambrian beds rest by overlap disconformably 
on the Belt Terrane of Sinian age. This overlap indicates 
transgression at the beginning of Middle Cambrian time, 
since beds with the Albertella fauna are the first beds 
forn:ed here, and this transgression itself is an evidence 
for the independencc of the Middle Cambrian pulsation. 
It serves as a corroboration of the assumption previously 
expressed, that the A!berte!!a-bearing beds form a trans
gressive series over the more or less eroded surface, of 
the Lower Cambrian Mount Whyte or older formation. 

The higher Midd!e Cambrian Formations 

The Mount Bosworth Section. The following succes� 
sion is recognized in descending order in this standard 
section. 

Superformation Upper Cambrian 
Arctomys Formation 

Mi"ddle Cambrian 
Eldon Formation 
Stephen Formation 

' Cathedral Formation (including Ptarmigan) 

H·iatus and Dz"scon.formity. 

Lt?w�r Cambrz"a1z. Mount Whyte Formation. 

268 ft. 

2728 ft. 
640 ft. 

1212 ft. 

: As already noted, the beds immediately succeeding the 
Mount Whyte f ormation in this section, consists of, 126 
ft. of thin-bedded gray arenaceous limestone, with annelid 
bor;ings and trails in some of the layers. The latter· jn� 
dicate shallow water and are to be· regardoo as a feature 
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of the Middle Cambrian transgression. Although ·as pre., 
viously stated, the Albertella fauna of the Ptarmigan for
mation has been found in the drift, it is not known whether 
the whole of this lower series or even a larger portiun is 
to be referred to the Ptarmigan. 

The succeeding beds ( lb) are massive bedded, light
gray arenaceous limestones with thinner layers at various 
horizons, and irregular lentils of darker coloured beds. The 
thickness in this division is 682 ft. 

It is succeeded by ( la) , 404 ft. of thin-bedded gray 
arenaceous limestones, like those overlying the Mount Whyte. 
No fossils have been found in these higher beds. 

In the nearby Mou.nt Stephen section, the Cathedral, 
including the Ptarmigan, has a thickness of 1,680 ft. and 
begins with 60 ft. of massive-bedded arenaceous dolomitic 
limestone. This is succeeded by l ,5()0 ft. of massive
bedded, arenaceous, siliceous dolomite, with thinner beds at 
certain horizons and with annelid borings and trails at a 
few levels. Othenvise this emormous series has furnished 
no fossils, though as before noted, the basal portion some
where may contain the Albertella fauna. The series IS 

terminated by 60 ft. of dark gray arenaceous limestone. 

The Stephm Formation. This is one of the most inter
esting of the Middle Cambrian formations of the Canadian 
Rockies, for it has furnished the most extensive senes 
as· 'vell as the most marvellously preserved of organic 
remams. 

In the Mount Bosworth section, it is only 6-10 ft. 
thick, but in the Mount Stephen section seven miles away, it 

reaches a thickness of 902 ft. The following are the sub
divisions in descending order. 
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Stephen Fm-mation 
l. Thin-bedded, dark-gray and bluish

black limestone 
The fauna (57 c) includes the following 
Micromz"tra zenoha Walcott 
Obolus mcconnelli (Walcott) 
Nisusz"a a/berta (Walcott ) 
Hyolz"thes carinatus Matt.�ew 

2a. Greenish siliceous shales 
Contains ( 5 7y) 
Westonia ella (Hall & Whitfield ) 

2b. Thick-bedded, bluish-gray limestone 
Contains (57 z) 
Micromitra zenobz"a Walcott 
Nisusia a/berta Walcott 

2c. Greenish siliceous shale 

2d. Altemating bluish gray compact limes-
tone, with siliceous and arenaceous 
shale in the Lower part. 
The fauna (57g) comprises 

Cruziana sp. 
Iphidella pannula ( White) 
Westonia ella ( Hall & Whitfield) 
Glossopleura boccar (Walcott) 

besides Hyolithes and Ptychoparz·a. 

315 ft. 

23 ft. 

22 ft. 

70 ft. 

210 ft. 

In the Mount Stephen section, the Stephen Formation,. 
has the following succession in descending order. 

Subdivz"sion of the Stephen Formation of Mount 
Stephen. 

la. Bluish gray limestone, with hands of 
dark siliceous shale in lower portion. 190 ft .. 
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F ossi ls poorly preserved, (57 n ) and 
incompletely identified specifically. 

lb. The O gy gopsis shale. 
Calcareous and siliceous shales, 

and in its best development, carries 
immense numbers of trilobites espe-
cially 
O gy gopsis klotzi (Rominger ) 
Bathyuriscus rotundatus (Rominger) 
Neo! mus serratus ( Rominger ) 
Zacanthoz"des sjz"nosus (Walcott) 

The fauna is given in Table VI. 
col. 5t. 

150 ft. 

2a. Thin-bedded, bluish-black limestone 325 ft. 

In the Upper portion of this 
series just beneath the Ogygopsis 
shale, a bluish-black shaly limestone 
has furnished ( 58r) 
Obolus mcconnellz" (Walcott) 
Acrotreta depressa (Walcott) 
Hyolithes annulatus Matthew 
Neolenus serratus Rominger 
O gy gojsz·s klotzz" ( Rominger) 

At locality 57 j, just east of the great fossil bed, 
the following additional forms were collected. 

Nisusz·a a/berta Walcott 
Bathyuriscus rotundatus Rominger 

2b. Massive bedded gray limestone 

3a. Alternating gray and greenish silice
ous shale, with gray oolitic lime· 
sto nes 

57 ft. 

200 ft. 
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About 50 feet from the base this 
contains Iphz'della pamzula ( White) , 
Nz"susia alberta? Walcott, besides 
H;,olz"thes and Microdiscus. 

On Mount Field and Mount Wapta, the remarkable 
BuRGESS S1ur.E member is found in the Mount Stephen 
Formation, from which the wonderfully preserved Middle 
Cambrian f ossils have been obtained, which have made this 
region famous. The succession here, beneath the Elgin 
Formation is as follows. 

l. Greenish argillaceous shale with an
nelid trails 

2. Gray arenaceous limestone 
3. Bluish-black and gray, finely arenace

ous shales and thin layers of gray, 
rough sandstone in massive layers 

4. Gray, arenaceous magnesian limestone, 
in massive beds, with fragments of 
f ossils, also shales 

5. Coarse arenaceous limestone 
6a. Gray, siliceous shales, in beds 2-4 ft. 

thick with fragments of trilobites 
6b. Finer grained shales than 6a, in thin 

layers of siliceous, slightly calcareous 
shale, with Mz"cromitra sp., Sertula
rian · sp. , Hyolithes cf. billingsi 

6c. Bluish-gray, exceedingly fine-grained 
strong siliceous shales, becoming 
darker downward, with the lower. 12 
f t ;� a black shale 
Tq_tal thickness of the Burgess shale 
formation 

6 ft. 
3.6 ft. 

2 4.(; ft. 

22 ft. 
4 ft. 

42 ft. 

80 ft. 

228 ft. 

410 ft. 
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Between 30 and 40 ft. from the base of this forma
tion, the Phyllopod fauna occurs in great abundance. The 
prolific .llfarella splmdens layer, consists of 7 ft, 7 inches 
of shales, which are mostly bluish gray in colour but also 
have layers of dirty-gray shales. The most important of 

the fossil-bearing layers is only l ft. and 4 inches thick. 
The f ossils are g1 ven below. 

Fossils of the Burgess Shale 

Algæ 
Cyanophyceæ (Blue-Green Algæ) 

l Morania confluens W ale. 
2 Morania costellifera Walc. 
3 Morania elongata Walc. 
4 Morania fragmenta Walc. 
5 Morania? frondosa Walc. 
6 Morania? globosa Walc. 
7 Morania parasitica Walc. 
8 Morania ? reticulata W ale. 
9 Marpolia spissa Wale. 

Chlorophyceæ (Green Algæ) 
l O Yuknessia simplex W ale. 

Rhodophyceæ ( Red Algæ) 
11 \V aputikia ramosa W ale. 
12 Dalyia racemata Wale. 
13 Dalyia nitens Walc. 
14 Wahpia mimica Walc. 
15 Wahpia virgata Walc. 
l 6 Bosworthia simulans Walc. 
17 Bosworthia gyges Walc. 

Calcareous algæ 
18 Sphaerocodium? præcursor Wale. 
19 Sphaerocodium? cambria Walc. 
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Spongiæ 
Silidspongiæ 

l Haliehondrites elissa Walc. 
2 Tuponia lineata Walc. 
8 Tuponia flexilis Wale. 
4 Tuponia flexilis intermedia Walc. 
5 Takakkawia lineata Wale. 
6 .\Vapkia grandis \Vale. 
7 Hazelia palmata Walc. 
8 Hazelia conferta Walc. 
9 Hazelia delicatula Walc. 

l O Hazelia mammillata Wale. 
11 Hazelia nodulif era Walc. 
12 Hazelia obscura Walc. 
1 3  Corralia undulata W ale. 
14 Choia carteri Walc. 
15 Choia ridleyi Wale. 
16 Hampronia bowerbanki Walc. 

17 Pirania muricata Walc. 
Hexactinellidæ 

18 Protospongia hicksi Hinde 
19 Diagoniella hindii Walc. 
20 Vauxia gracilenta Walc. 

21 Vauxia bellula Wale. 
22 Vauxia densa \Vale. 
23 Vauxia dignata Walc. 
24 Vauxia ? venata \Vale. 
25 Eiffelia globosa Walc. 
2 6 Chancelloria eros W ale. 

Holothurioidea 

l Eldonia ludwigi Walc. 
2 Laggania cambria Walc. 
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3 Louisella pedunculata Walc. 
4 Mackenzia costalis Walc. 

Scyphomedusæ 
l Peytoia nathorsti  Walc. 

Annelt:da 

Chæto gnatha 

l Amiskwia sagittiformis Walc. 

Chætopoda 
2 Miskoia preciosa Walc. 
3 Aysheaia pedunculata Walc. 
4 Canadia spinosa Walc. 
5 Canadia setigera Walc. 
6 Canadia sparsa Walc. 
7 Canadia dubia Walc. 
8 Canc�.dia irregular is  \N ale. 
9 Selkirkia rna j or ( W ale. ) 

l O Selkirkia gracilis Walc. 
11 'Niwaxia corugata ( Matthew) 
12 Pollingeria grandis Walc. 
13 Worthenella cambria vValc. 

Gephyrea 
14 
15 
16 

17 

18 

19 

Ottoia prolifica Walc. 
Ottoia min or W ale. 
Ottoia ten u is W ale. 
Banffia constricta Walc. 
Pikaia gracilens V/ ale. 
Oesia disjuncta Walc. 

Crustacea 

Branchiopoda · 

1 · Opabinia regalis Walc. 
2 Opabinia' ? media Walc. 
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3 Lean choilia sup erla ta vV ale. 
4 Y o hoia tennis W ale. 
5 Y ohoia plen a W ale. 
6 Bidentia d ifficilis Walc. 
7 Naraoia compacta Walc. 
8 Burgessia beila Walc. 
9 Anomalocaris gigantea Walc. 

l O Vv. aptia fieldensis W ale. 
Malacostraca 

11 Hymenocaris perfecta Walc. 
12 Hymenocaris ? circularis Walc. 
13 Hymenocaris obliqua Walc. 
14 Hymenocaris oralis Walc. 
l 5 Hymenocaris ? parva Walc. 
16 Hurdia victoria Walc. 
l 7 Hurdia triangulata Walc. 
18 Tuzoia retifera Walc. 
19 Odaraia alata Walc . 
20 Fieldia lanceolata Walc. 
2 1  

Trilobita 
22 
23 
24 
25 

Carnavon ia venosa Walc. 

Marella splenden s W ale. 
Nathorstia transitans W ale. 
M ollisonia gracilis Wale. 
Molli sonia? ra ra Walc. 

Merostomata 
2 6 Molaria spinif era Walc. 
� 7 Habelia optata W ale. 
28 Emeraldella brocki Walc. 
29 Emeraldella micrura Walc. 

The Eldon Formation. Thi s  is the highest of the 
divisions of the Middle Cambrian .in the Canadian Rockies. 
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In the Mount Bosworth section, it has· a thickness of 2728 
ft. and nearly the whole of thi s  (2700 ft. ) is  exposed in 
Mount Stephen, where however it forms the summit of the 
mountain. The following is the character and sub-division 
m detail . 

l a. Irregular bedded, gra y, siliceous and 
arenaceous · limeston e, thick-bedded 
above and thin -bedded below 
A fossiliferous limestone, with Ag-nos
lus, Ptychoparia, and Bathyuriscus 
occurs 192 ft. above the base 
(57 x) 

lb. Gray-thin-bedded arenaceous limestone 

l c. Massive-bedded, siliceous, fine-grained 
compact limestone with Billing-sella? 
and a Neolenus-like pygidium near the 
summit (57 w) 

ld. Massive-bedded limestone like pre
ceding 

2. Thin-bedded, bluish-gray limestone 
with stringers of dolomitic li mestone 
24 ft. from the base, a 2 ft. bed 
of shaly siliceous limestone contains 
Obo/us mcconnel!i Walcott . 
Obo! us membranaceous W alcott 
Isox ys cf. ar g-entea ( W alcott ) 
Elrathz"a sp. etc . 

3. Massive-bedded, dark-gray arenaceous 
limes tone 

4. Massive-bedded, cliff forming limes
tone 

410 ft. 

110. ft. 

197 ft. 

71 ft. 

95 ft. 

190 ft. 

1655 ft. 
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The Middle Upper Cambrian Contact 

Text-Fig. 5. 

The irregular-bedded siliceous and arenaceous limes
tones, which form the summit of the Eldon formation are 
covered by the Arctomys formation, 268 ft. thick. This 
is a variable series of arenaceous shales, with altemating 
bands of colour ranging from greenish to deep-red , buff, 
yellow and gray. Numerous mud-cracks and ripple marks 
occur on many of the layers and a few casts of salt 
crystals have been observed on some of the buff-coloured 
.arenaceous shaly layers. 

There can be little question that these beds mark a 

pronounced disconformity between the Middle and the Upper 
Cambrian. Whether some of these beds are to be regarded 
as belonging to the retreatal phase of the Middle Cam
brian Sea, or represent the sediments of the advancing 
J]pper Cambrian Sea, is of little significance. They are 
succeeded by the calcareous beds of the Upper Cambrian 
Bosworth formation. 

These beds are not preserved in the Mount Stephen 
:section, but they are again found in the Castle Mountain 
section 23.5 miles southeast of Mount S tephen . Here the 
Arctomys Formation with a to tal thickness of 2 � S ft, 
consists of an up per portion (l a), 158 . ft. thick, of 
arenaceous and calcareous · shale, purple and gray coloured 
·with thin intercalated buff-weathering calcareous layers . 
Mud-cracks, ripple-marks and the pseudomorphs of large 
salt crystals occur in the arenaceous beds. They are 
underlain by ( lb) 60 ft. of thin-bedded compact drab
-eoloured, limestone and overlain by siliceous fine-grain ed 
limestone, w:bich forms the base of the Bosworth For
.mation. 
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The underlying F!don Formati'on, which here has a 

thickness of l �05 ft, con sists mostly of thin-bedded 
siliceous limestones in the upper part and more massive
bedded, cliff-forming siliceous li mestones in the lower part. 
The most characteristic organic remain s are large and small 
annelid trails and borings, indicating comparatively shallow 
water. These are also found at various horizons in the 
massive limestones. A few trilobites have also been re
corded from the up per beds. 

The Stephen formation, in this section is only 366 ft. 
thick and comprises fossiliferous shales and thin limestone 
beds. A G!ossop!eura fauna occurrs in the lower part and 
Obolus mcconne!!i is most common in the higher. 

While the Arctomys beds, which mark the period of 
emergence, rest upon the Eldon Format ion in these southern 
sections of the Canadian Cordilleran, a remarkable difference 
is seen in sections farther north . Thus in the Glacier 
Lake section, 42 miles north-northwest of Mount Bosworth , 
the Eldon Formation is entirely absent, the Arctomys series 
lying directly upon the JV.furchison Fo-rmatz"on which is the 
northern equivalent of the Stephen. ( See Text-Fig. f>) 

In this secti on, some 2 20 ft. of the Murchi son are 
exposed. The lower half consists of bluish gray, thin, 
irregular-bedded limestones and· the upper half of massive
bedded limestones with fragments of trilobites in some of 
the beds. The Arctomys formation in this section has a 
total thickness of 1386 ft. and consists of the following 
succession in descending order. 

1 a. Bluish gra y irregularly laminated lime-
stones with some few small fragments 
of trilobites 

2a. Purplish-colored siliceous shale 

520 ft. 

18 ft. 
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2b. Thick layers of compact, finely larrtin-

ated dove-coloured limeston e 73 ft. 
2c. Gray an d dove-colored massive bedded 

limestone, with much arenaceous matter 155 ft. 
2d. Purplish siliceous shales, passing down

ward into hard limestones and containing 
a small Obolus and Lingulella isse, 
besides fragments of a small trilobite 
in the upper portion 90 ft. 

2e. Compact limestone, with ferruginous 
arenaceous beds in the upper part 13 6 ft. 

2f-21. Alternating l i mestones and shales, the 
latter with mud-cracks.  The former same

times with fragments of trilobites and 
Obo!us. 161 ft. 

2m. Thick layer of dove-coloured, compact, 
finely laminated limestone 12 ft. 

Walcott says that this limestone an d similar hands 
above, appear to have been formed from a calcareous slime 
or mud spread in thin layers, rather slowly and evenly. 
"It suggests a glacial mud precipitated from the mud de
rived from a glacial stream"l 

2n. Greenish drab and gray siliceous and 
partly argillaceous shales with inter
bedded hard compact, thin · layers of 
gray limestone near the base. The 
upper 200 ft. purplish colored and 
s iliceous. 221 ft. 

Of the formation as a whole, Walcott says that it 
"appears to represent the period of deposition of a series 
of shallow fresh water deposit, alternating with brachish-

1 Walcott V, p. 347 
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water and marine seuiments, such as would occur in a 
shallow sea, near the mouth of a large river bringing fine 
sand, mud, and slime derived from glac ial streams, originat� 
ing some di stance from the shore line. These fine shales and 
sandston es, alternate with more or less thin calcareous and 
arenaceous Iayers and have on their surfaces, ripple marks, 
mud-cracks and casts of s alt crystals . . . . . . . . . . . . • . . . . . The 
Eldon i s  absent by non-deposition and the Arctomys is i m
mediately superjacent to the Murchison limestones that repre
sent the Middle Cambrian of the Bow Valley Section." 

The Arctomys formati on in this region is succeeded 
by the SulJivan Formation of shales and li mestoncs . 

Twenty-five mile::; East-northeast of the Glacier Lake 
section, i s  that exposed on the Siffleur River. Here the 
Cathedral formation, which rests upon the Ptarmigan with 
Albertella, i c; 12 40 ft. thick, and is fol� owed by 4�) 7 ft. of 
the Murchison Formation which carries the Glossop!eura 
fauna in i ts lower portion and is believed to repre sent the 
Stephen f ormation farther south. This i s  followed by the 
Arctomys Formation 725 ft. thick. The Great Eldon 
li mestone (2728 ft. th ick) is li kewise absent in this section, 
this clearly mark ing the great disconformity between the 
Upper and l\1iddle Cambrian . No fossils are found in the 
Arctomys Formation and \Valcott held that the conclition 
of its deposition were unfavourable for the existence of 
li fe. 

Although for the most part made up of limestones, 
and siliceous shales the formation may represent purely 
continental sediments. Many of the layers, espec ially in the 
upper part, "are almost made up of flat concretionary or 
interformational pebbles, and smail round concretions" 

(\:Va!cott loe. cit. p. 33[l). Here too the Sullivan forma-
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t!u� i.1;�t�:nJ.�l an l tl1e det.lil,:; 01re �iv\!a i71 th� text. 
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tion of fossiliferous shales and limestones succeeds the 
Arctomys, with a thickness of 12 GO ft. 

Robso1t Pcak (\Valcott V, p. 358) In Robson Peak 
200 miles north of the sections on the Canadian Pacific 
line, the higher beds comprise the following succession. 

C .. L\IBHOVJCI AX 

Robson I--ormitlion ( Ordovician ? \Valcott ) 500 ft. 
Limestones and dolomites, fossils not 
collectecl 

C!tztskilla .FormatioJz (Ozarkian of \Valcott) 1500 ft. 
Limestones and shales with several 
richly fossiliferous zones. 

Ly1zx .f<(mnatio1l (Upper Cambrian of Wal-
cott ) 3500 ft. 
Thin-beddecl, bluish-gray limestone with 
interbedded shales. The lower 100 ft. 
appear to represent a continental forma-
tion and Walcott held that it may be 
the equi valent of the Arctomis forma-
tion of the Glacier Lake section. 

"\Vherever founcl, these arenaceous 
party-coloured shales and shallow water 
deposits, mark the bounclary between 
the Middle and Upper Cambrian." 
(vValcott V, p. 360). 

Hiahts mzd Discmifurmity 

MmDu: CAMmnAx 
Tit!.:ana Formation 2200 ft. 

Massive beclcled, bluish-gray lime
stone in thin layers, interbedclecl with 
gray siliceous buff-weathering limestone 
in bands 50-100 ft. thick. 
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In the Upper part occurs a fossili
f erous horizon ( 61 v ) from which the 
following species have been obtained. 

Micromitra zenobia Walcott. 
Obolus mcconnelli Walcott 
06olus septalis \:Valcott 
Acrotreta e.f depressa Walcott 
H yolithes carz·natus Matthew 
Sclkirkia major Walcott 
Agnostus montis Walcott 
Zacanthoidcs spinosus Walcott 
Dorypype dawsom' ('vValcott) 

This fauna correlates this horizon with the Stephen 
Formation of Mount Stephen. 

A second f ossilif er o us horizon ( 61 1, ::tnd 61 m ) oc
curs about 1000 ft. lower. From this fossils of the genera 
Acrothcle, Acrotreta, Agnostus, Dorypygc and Zacanthoides 
have been obtained. 

Tatei Formation 

Thick-bedded gray siliceous and arena-
ceous limestone. No fossils obtained. 

800 ft. 

Chetmzg Formation 900 ft. 
Bluish-gray, thin-bedded limestone, cliff

forming. About 100 ft. below the summit 
1Visusia sp, Zacantltoidcs sp. an d Bathy
ttriscus sp. were found (Glo) ; about 350ft. 
below the summit OCC11rS (at 61 p ) Abertclla 
boswortlti Walcott, while Abertella Ievis 
Walcott and Agraulus sp. have been ob
tained from a drift block ( 61 w). 
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Prabable Hiatus and Dz"sconformit;• 

LowER CAMBRIAN. 

The subdivisions have already been given on page 62. 
(88). 

Tite West Green/and Section 

In In glefield Land and Washington Land, on Kane 
Basin, West Greenland, M iddle Cambrian beds overlie dis

·conformably the Lower Cambrian . The latter have already 
been describecl on pages 32-�5 (s8-6I) and the reference 

· citecl. The series in descending order comprises the fol
lowing formations according to Paulsen, but arran gecl accord
ing to our revised classification. 

-Cambrovz"cian Series 

Nunatami Formation ( Upper Canadian 
of Paulsen) 

Cape Clay Formation ( Upper Ozarkian 
of Paulsen) 

Cass Ford Formation ( Upper Ozarkian 
of Paulsen) 

Hiatus and DiscO?iformity? 

Cape Frederick VII Formation ( Lm\·er 
Ozarkian? of Paulsen ) 

Iliatzts and Dt.U01iformity 

Æfiddle Cambrimz 

Pemmican River Formation (Lowcr 
Ozarkian? of Poulsen) 

Cape \Vood Formation (Middle Cam-

140 

30 

400 

brian of Poul sen ) 40-100 

meters 

" 

" 

? 

" 
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.1-liabts and Disc01�(ormity 

LowCl' Cambrian 
Cape Kent Formation 
\Vulff River Formation 

1 0-20 meters. 
20-40 " 

The Nunatami Fonnation contains 4 zones, the 
lowest with Didymo:;raptus bijidus Hall, the second 
with Plt_vl!ograpties ang·utzjolius Hall. These indicate· 
Lower Beekmantown or Arenig. The bouldery char
acter of the next two zones may have some relation. 
to the retreatal phase of the Cambrovician. in this 
regwn. 

The Cape Clay Formation also has a Beekman
town. character and it and the underlying Cass Ford 
Formation may both belong to the Upper Cambrian 
transgressive series. The Cass Ford Formation is 
especially suggestive, since throughout it consists of a 

series of coarse limestonc conglomerates chiefly of 
intraformational character with thin-interbedded more 
or less argillaceous limestones. which have furnished 8 
f ossils, of which only two spee i es of .1-.fistricunts are 
specifically determined, both of them new. 

The Cape Frederick VII formation is classed by 
Paulsen as Lowcr Ozarkian with a query. It is only 
known from boulders and its exact position. has not 
been located. 1\loreover the fJ specificaJ.ly determined 
specics are all new and all belong to new genera ?.s. 

well. Three are referred to the genus (.:!az,aspidella 
Paulsen, which is closely relatccl to Glossop!eura, a 

genus characteristic of the Stephen fonnation of the 
Micldle Cambrian. The second genus ts Protosym

p!tysurus Poulsen, with one new species P. !:ochi. 

This also belongs to the general group to which 
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Glossopleura belongs, showing approach towarcls 
Symphysurus. Finally, the genus Ptyclwparella Poulsen , 

with one species P. breviana Paulsen, "seems to be 
much more closely related to Ptyclwparia than the 
great number of North American species which were 
formerly ref erred to that genus" ( Paulsen ) . The 
generic  di ff erence is confined to the pygidi um. 

The class ification of this  formation must at pre
sent remain in doubt and since its position i n  the 
section i s  not known, we have no precise means of 
plac i n g  i t .  Thus it may r epresen t a part of the 
retreatal ser ies of the l\I idcllc Cambrian or a part of 
the transgressive ser ies  of the Upper Cambrian .  

I have placed the Pemmican River formation i n  
the 1'1'1 iddle Cambrian, despite the fact that ?oulsen 
rcfers i t  with a query to the Lower Ozarkian .  I t  
co:1s i sts o f  a ser ies  o f  arenaceous calcareous shales,  
of unknown thi ckness . These have furni shed on ly one 
fo:;sil so far E!ratlziella, obscura Paulsen, both the 
spcc i es and gen u s  being new. The genus is closely 

rchted to Elratltia, the genotype of which i s the 
1ve;1 known Ptyc!wparia kingi, typi cal of the M i clcl:e 
Ca;;-; brian of the Palæ o-Cordilleran geosy ncline .  The 
relation:,hip is  so dose that Poulsen says «It is some
what questionable if the differences are more than 
subgener ic . " There i s  thus no palæontological rca son , 
why th i s  division cannot be referred to the Middle 
Cambrian, and since it evidently lies below the dis
conformi ty and appears to be continuous w i th the 
Cape \Voocl Formation , the stratigraphic evi dcnce too 

scems to favour this classification. 
The Cape \Vood formati on, begins w i th a con

f6 0n1erate, • · composed of irregular pebbles of yellowi sh-
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gray compact limestone, mixed with a dark-green. 
arenaceous mass, consisting of glauconite and quartz : 
grain s ."  

This portion does not exceed l O meters in  thick
ness and evidently marks the transgressive phase of 
the M i ddle Cambrian across the more or less eroded 
surface of the Lower Cambrian Cape Kent f ormation. 
In the pebbles of th i s  l imestone conglomerate the 
following 5 species have been found. 

l. Dorypy ge resseri Poulsen 
2 .  Glo.)·sopleura walcotti Poulsen ( g-e1z. et. sp . ) 
3 .  Glossopfeura expansa Poulsen (g-en. et. sp. )  
4. Solmopleurella ulrz"chz" Poulsen (gen. et. sp -) 
5 .  Polypleuraspis solitaria Poulsen (g-en. et. sp. ) 

Boulders of the same petrograph i c  cha.racter col
lccted on the beach contain Nos. 2 an d �i of the 
above li st, and in addition. 

6. Glossopleura sulcata Poulsen 
7. Glyphaspis perconcava Poulscn ( J[C1Z. et. sp. )  
8 .  Amecephalina mirabilis Poulsen (xen. et. sp. ) 
9 . A crocephalops gib ber Pouls en ( g-m. et. sp . ) 

10 . Dor)'f'yge oblz"quespina Poulsen 
The upper part of the Cape \Vood format ion·. 

con si sts of yellowish gray compact l imestone, of practi
cally the same petrographical aspect, as the l imestone 
pebbles of the underlying conglomeratic bcds. 

In aJdition to the 3 species of Glossop!eura 
above listed, the following have been found. 

1 1 . Glossopleura lo1tgz:(rons Poulsen 
1 2. Elrat!tz"a ? crassi!imbata Poulsen 
1 3. Elratht:a? g-roen!and·ica Poulsen 
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This fauna is a typical Middle Cambrian fauna, 
although the species are all new. Glossopleura is 
ba sed on Do! ychometopus ? bo c car W alcott, of the 
Stephen formation. Solenopleurella differs from Solmo
pleura in having a square glabella, combin ed with a 
rim of practically even width. Polypleuraspis sohtaria 
i s  known only from a pygidium. Amccephalina is 
closely related to Amecephalus Walcott, of the Spence 
and Chisholm shales, M iddle Cambrian , having a more 
strongly curved anterior margin and narrower fixed 
cheeks with a short posterio-lateral limb. Glyphaspis 
is based on Asaphiscus ? cape!la vValcott of the 
vVolsey shale. ( Middle Cambrian ) 

Finally A crocepha!ops appears to be closely re
lated to Acrocephalites Angel in , which has various 
representati ve::; in the Middle Cambrian of the Palæo
Cordilleran as well as the Caledonian gcosynclines. 

The Central Cordil!eran Sectious 

(Text Fig. 6 .)  
Three hundrcd miles due south from Helena Mon tana, 

m southeastern Idaho, lies the city of Malad . From 3 0  
t o  40 miles northeast of it, i s  the Fort Hall Indian re
servation and 5 0 - 6 0  miles east of Malad. near the Wyom
ing border, is the Bann ock, -Bear-Lake section . 2 5 5  miles 
southwest of Malad, lies the Eureka mining district of 
central eastern Nevada . vVe will consider a group of 
sections extending from Eureka through Malad and then 
E.N.E to the region around Landor, Wyoming about 2 0 0  
miles distant from Malad, to eastern vVyoming, and the 
Deadwood region of South Dakota, another 3 0 0  miles, 
with the Big Horn region about half way between the 
two. 
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Te-xt.Fi,:.  6 .  Sect ions ac ross the P.ILe-� -C:ord i l le ra� geosync l i ne in the Northern 
Unit{.d S tates ,  show in:; the relatio:t of the Middle an l Upp e r  Cambr ian st rata t o  
e.l�h o ther  and to th ·1 L'Jwar C.1m!nhn anl t he Or<hvicbn, and t he overlaps upon 
th� m u;; irnl p! .l i n .  T:1e lo �.1t h:ts of the seJt ioa;  :tr<l sh l \V;l on t he insct map. 
For deta i l s  see the tex t .  
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A second group of sections ( Text Fig. 7.) approx
imately para1lel to the first, begins at the Highland Range 
in Southern Nevada, 12 5 miles S. of Eureka. It extends 
northeast to the Pioche region about 40 miles distant, 
thence to the House Range of \V'estern Utah, about 100 
mi:ec; in the same direction, then to the Wasatch Range 
near Salt Lake, l 00-150 miles further Northeast, and then 
nearly due east for 300 miles to Pikes Peak in the Front 
Range of Colorado, with the Uinta and Leadville regions 
between. 

A 3rcl g;·oup of sections approximately para1lel to the 
border of the old geosyncline, extends from Gordon 
Mountain through Helena Montana, 60 miles southeast, to 
the Yellowstone about 1 50 miles further southeast, then to 
Landor, anoti1er 150 miles in the same direction, and on 
to Pike's Peak 300 miles further southeast. These sections 
.aæ shown in the diagrams Text-Figs 6-8. 

XIX. �'te Eureka Sectimzl ( Approximate Long. 116.l E.; 
Lat. 390 30' N) 

SuPERFORMATION. Middle Ordovician, Eureka 
quartzitc 200-400 ft.. 

LowER 0RDOVICIAN 
Pogmzip limestone (restricted) 1200 ft. 
GoodwiJZ Fonnation (Type Locality) . 1500 ft_ 

Bluish gray limestone, with Beek-
mantown fossils. 

UPI'ER CAMBRIAN 
Dzmderber![ shale (Type Locality) 350 ft. 

1 Mostly from the correlation charts and sections published for the 

16th International Geological Congress, with the classification there 

adopted. Comments by the author added in square brackets. 
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Yellow argillaceous shale, with 
layers of chert nodules. 

Hamburg limestom (Type Locality) 
Dark-gray granular limestone. 

[Hiatus aud Discouformity] 

MmDLE CAMBRIAN 

Secret Cau;,ou shale (Type Locality ) 
Shale and thin limestone in the upper 

2;) to 200 ft, mostly shales blow. 

Eldorado l�mestone (Type Locality ) 
Gray compact limestone, lighter

coloured than the Hamburg 

[Hiatus and Disconformity] 

LowER CAMBRIAN 

Pioche shale 
Absent in most regions. 

Prospect Mountain quartzite (Type Local
ity) 
Bedded brownish-white, ferruginous

. 
near the base, with thin layers of argil
laceous shale. 

Hiatus and U1Zc01iformity 

ARCHÆAN GRANITES 
XX. Sectio11s in the vicinity of Jlfalad Idaho 

a1td Bear Lake N. Utah.l 

SujeJfm/mation. Middle Ordovician , Swan 

1200 ft. 

l f)00 ft. 

3050 ft. 

0-200 ft. 

1500 ft. 

Peak quartzite 500-700 ft. 

l Guide Book No. 17 for 16th Int. Geo!. Congress. 1933. Parts 

cnclosed in square brackets are comment3 by the author. 
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LowER 0ROOVICIAN 

Gardm City limcstone (Type in N. \V. 
Utah ) 11:30-1250 

Thick and thin-bedded gray limestone 
and limestone conglomerates and breccias 
with Beekmantown fossils. ( Dalmanella 
pogonipmsz"s ( Hall & Whitf. ) D. ham-
bur gensis \N alcott etc. ) 

UPPER CAMBRIAN 

St. Char les lz"mestone (Type locality) 500-1350 ft. 

Cray arenaceous limestone with cherty 
concretionary laycrs. At the base lies the 
lYorm Crcek quartzite 200-300 ft. thick, 
a white reddish and brownish quartzites. 

lThis quartzite and the very variable 
thickness of the St. Charles indicates a 
clisconformity between Upper and Middle 
Cambrian] 

[IIiatus and Discon.formity] 

1\1IDDLE CAMBRIAN 
JVozman limcsto1ZC (Type locality) 

Massi;ve, locally cherty, limestone, 
\vith some sandy and coarsely crystallized 
dolomitic standstones and some shaly 
layers. 

JJ!oomington rorm"ttion. (Type locality) 
Biuis!1 gray limestone, with sandy 

argillaceo�ts b:d.s, with the Hodges shaly 
m�mber ( 30:) ft.) near the base. 

!)50 ft. 

lHOO ft. 
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Blacksmz'th lz"mcstonc 
T_hin-bedded pure limestone above, 

with oolitic bands and arenaceous limc:-
stone below. 

7 50 ft. 

Ute hmestom 480-GS;) ft. 
Light gray greenish or bluish gray 

limestone with oolitic becls, 
Spencc shale (Type Locality ) :10 ft. 

Fine argillaceous papery shale. 
La1zgstmz limes tone ( Type Locality) 8 7 5 ft. 

Massive beclded blue gray to light 
gray limestone, crystalline or p01·ous. with 
siderite concretions. 

[Probably hiatus a7Zd disconjormifJ'] 

Brigham quartzite l 000-1 GOO ft. 
Vitreous quartzite and sandstone, 

generally purplish or pinkish, also white, 
reel, black etc. some conglomerate layers. 
Near top locally sh aly . Upper part has 
been classed with l\1iddle Cambrian. Basal 
part either Lower Cambrian or Beltian. 
( Sini:m) . The disconformity at the base 
of the Micldle Cambrian is probably 
masked by the reworking of the older 
sancls by the transgressing Middle Cam
brian Sea. 

The Faunas of the var1ous members are given m 
. Table VI. 

XXI. Section zn Wz'nd River llfozmtai7Zs 1lear Lmzdor. 
11/yomi?Zg. 

( About .1 65 miles E.N.E of l\Ia1ad) 
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SuPERFORMATION Upper Ordovician. Bighorn 
dolomite 100-300 ft. 

Hz.atzts and Disconformity 

U l'PER C AMBRIAN 
Gallatin limestone 

Hiatus and Disco;zformity 

MIDDt-E CAMBRIAN . 
Grosventre shales, limestones and conglo

merates 
Flathead sandstone 

Hz"atus and Disc01iformity 

PRE-CAMBRIAN !Sinian quartzites shales etc.] 

200-250 ft. 

450-580 ft. 
300 ft. 

The most remarkable thing about this section IS the 
enormous thinning of the formations within such relative 
short distances, whereas in the even greater distance be
tween Eureka and the Malad districts, the thinnings of 
the formation is comparatively moderate. This clearly 
shows that the Landor region marks the border of the 
geosyncline, probably the marginal shelf. This is further 
shown by the extensive overlap of these thin wedge-edges 
for the next 300 miles to the Northeast as shown by the 
following sections. 

XXli. Section on the east side of Bi'g Horn Mountai';z 

( 150-200 miles northeast of Lanclor) . 
SuPERFnR:\1ATIO�. {!pper Ordovicimz. i3 ighorn 

dolomite. 250-300 ft. 

H iatus and Disconformity 

UPl'ER CA:\1RRIAN [Partly Middle Cambrian] 
Dcadwood rormati01z 800-1500 ft. 
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3 Limestone with flat pebble 
conglomerate 200 ft. 

2 Greenish shale and sand
stone 200 ft. + 

l Brown sandstone mostly 
coarse 20-400 ft. 

Hz"atus and Unconjormity 

PRE-CAMBRIAN granite. 

XXIII. Section in Northeast Wyoming and Deadwood 
.S. Dakota 

( 350-375 miles northeast of Landor.) 
SuPERFOR�1ATION Missz.ssippimz limestones 

Hiatus a 1zd Disconjormity 
UPPER 0RDOVJCJAN. 

Wkitewo od limestone 

Hiatus and Disconjormity 
u PPER CAMBRIAN. 

Deadwood Form atio?Z 

0-80 ft. 

50-300 ft. 
Green shale, brown sandstone and quartzi te, some 

limestone and breccias. 

Hi at us and · Un cm�formity 
PRE-PALÆOZOIC schists and granites. 

In this section, the Cambrian beds have almost dis
appeared, for their only representation is in the 50 to 
BOO ft. of Deadwood sandstones and sha1es. The type 
locality for these is in the Black Hills region across the 
border , w:'lere the Deaclwooi · fonnation ·ranges from 40 to 
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500 ft. resting unconfonnably upon the pre-PaJæozoic and 
disconformably succeeded by the vVhitewood Ordovician 
1imestone. (See p. 2 14, (4Io)) 

The Deadwood formation, in its maximum development 
begins with a basal conglomerate from 3 to 40 ft. follow
ed by thin-bedded glauconitic shales and limy beds and 
terminated by greenish shales and brown or buff sandstones 
50 ft or more in thickness. 

In this connection, we may note, that there is a 
strong possibility, even a probability that, as already noted 
for the type region, some of these overlapping beds may 

· really belong to the Middle Cambrian. As shown by these 
and other sections, the l\1icldle Cambrian series at the 
period of maximum transgression (acme of the Middle 
C::tmbrian Pulsation ) extended far across the marginal plain 
of the Cordilleran geosync1ine, beyond the Landor region 
( Section XXI) and may easily have reached the Big Horn 
and bccome confluent through the Deadwood region with 
the Upper Mississippi region, i. e. the flooded marginal 
plain of the Appalachian Geosyncline as already discussed. 

Scctions .froms lF. Jlevada to Central Colorado 

(Text-Fig. 7) 
The second line of section passes through the High

land Range Nevada, 125 miles S. of Eureka and extends 
for a while parallei to the preceding one. 

A bout 12 5 miles west of the Highland section in 
Southwcst Nevada, Esmeralda and sonthern part of Nye 
County, we have the type sections of the Lower Cambrian 
Sii,·er Peak Group, already discussed in the first article. 
\\'c rna y be gin the sec ond line of section by completing 
this sot:thwest Nevada section. 
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Te.xt-Fig. 7. A ser!es of sections in the southern part of the Pal:efl-Cnrdilleran 
c;ensynl'line, shnwir:�g the relations of the Middle Caml>rian bt>ds to the Upper and 
l.owtlr, and the overlaps on the marginal plain. The spaoe between the seution is 
aeeordin;: to the sc.1le of miles given and thcir vertioal scale in feet is· indicated. 
The lneation of the scctions as well as those on Fig. 6 and Fig. 8, are shown on the 
inset .:n lj_J. F.,r dt!Lai ls see the text. 
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Section XXVI. Esmeralda Co. Nevada 

(U.S.G. S. Correlation Tables 1933) 
The divisions here re cognized are as follows tn 

descending order. 

SuPERFORMATION. Middle Ordovician Eureka 
quartzitie 1200-1500 ft. 

l.oWER 0RDOVICIAN 
Pogonip limestone 2000-4000 ft. 

Dark-gray medium grained, with 
transition beds of limestones, shales 
and quartzites at the top. ( Pal
metta Formation of shales and 
cherts in some sections ) 

u PPER CAMBRIAN. 
Em i grant FormatioJZ ? 

Thin-bedded limestone and reddish 
shales some layers of black chert. 

[Hiatus and Dz"sconformity] 

MIDDI.E CAMBRIAN 
Eldorado lz"mesto11e 

Dark-gray compact, fine grained 
crystalline limestone. 

[ Hz.atus and Dz.sccw:formity] 

l.owER CAMBRIAN 

5000-6000 ft. 

Silver Peak Group, or in its absence the 
Prospect MouJZtai1t quartzite. 

( Hiatus and Disconformity or UJZtonformity ) 
PRE-CAMBRIAN. 

The details and subdivisions of these f ormations, except 
the Silver Peak Group are still very unsatisfactorily known. 
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In the correlation tables, the Eldorado limestone is made 
the equivalent of the lower half of the Middle Cambrian 
0r1ly. The Emigrant f ormation, which is ref er red to the 
Upper Carribr ian, appears in some sections to lie discon
formably on the Silver Peak Group, or with only locally 
Middle Cambrian beds present. It should be noted however, 
t1�at in the Type region z·. e. Eureka Nevada, (Section XIX), 
the Eldorado limestone 3050 ft thick, rests upon 1500 ft 
of Prospect Mountain quartzite and is followed by 1600 ft 
of the typical Secret Canyon shale, which here forms the 
upper part of the Middle Cambrian, the Upper Cambrian 
being formed by the Hamburg limestone and Dunderberg 
shale, which apparently are the equivalents of the Emigrant 
formation of the more westerly section. The horizon of 
the Secret Canyon shale is represented either by a hiatus 
or included in the so-called Eldorado limestone further west. 

Section XXV. Highland Ra nge Souther n Neva da 

This section li es about 12 5 miles east of the preced
ing and a similar distance S.S .E. of the Eureka section, 
with which it is more or less identical. 

The highest f ossilif erous zone in this horizon appears 
to be that of the Har:1burg limestones of the Eureka sec
tion, but whether this belongs in the upper part of the 
3000 ft. of limestones overlying the Chisholm shale, (Wal
cott Ill p. 409, 191 6) or in the limes tone immediately 
overlying bed 23, as given by Walcott in the original High
land section in 1891 ( U.S.G.S. Bull 81, p. 318) is not 
quite clear. The fauna comprises. the following species 
(Loe. 88). 
Gastropoda etc. 

Belleroph on ( Owenella ) antiquata Whitfield 
Pleurotomaria ( Sinuopea) 3 undetermined species 
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H yolithes ·attenua'tus W alcotf 
Hyolz"thes .9 · corrugatus Walcott 
Hyolithes curvatus W alcott 

Trilobita 
Dicellocephalus cf. minnesotensis Owen 
Saukiella pepenensis ( Owen) 
Eurekia disimilis (Walcott) 
Conaspis sp 
Bowmania americana (Walcott) 
Bowmania amerz"cana and Saukiella pepinensis are 

both found in the Hamburg limestone of the Eureka dis
trict. The latter also occurs in the Lodi and "Gordon" 
formation of the Upper Mississippi region. Eurekz"a disz"milis 
also occurs in the Secret Canyon shale. 
MIDD LE 

F. 
CAMBRIAN 

Highland Peak lz"mestone 

(b) Upper limestone No. 23 of the 
original Highland Peak section in 
Bull. 81 1430 ft. 
Bluish black limestone in massive 
strata. Upward the limestone 
becomes more siliceous wi th an 
occasional shaly bed. 

(a) Lower Limestone. No. 22 of 
Section in Bull. 81 15 7 O ft. 
Massive-bedded siliceous limestone 
separated into beits 200-300 ft. 
thick by light-gray, dark gray or 
bluish black colour hands. 

E. Chisholm shales. 
Pink-coloured, compact, argillaceous 

shale, with a few inter-bedded layers 

3000 ft. 

125 ft. 
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of limestone 3-15 feet in thickness. 
This is No. 21 of the original High
land Peak section. At the Chisholm 
mine, 2-3 miles N. W. of Pioche the 
thickness of the shale is about 1 00 ft. 
and it contains the following species. 
( Loe. 31) 

Cystoidea 
Eocystites ? long-z"dactylis Walcott 

Brachiopoda 
Iphidella pan.nula (White) 
1-fl estonia ella. (Hall & Whitfield) 
Lingule!la dubia (_Walcott) 

Hyolithidae 
Hyolithes billingsi Walcott 

Trilobita 
Zacanthoides typ icalis Walcott 
Ptychoparia (Amccephalus) piochensis (Walcott ) 
Anomocare parvum Walcott 
Bathyariscus howelli Walcott 
Dolichometopus p1·oductus (Hall & Whitfield) 

D. Lyndon .� limestone 606 ft. 

Massive-bedded bluish gray limestone with fragments 
of fossils in the lower third, compact gray siliceous lime
stone, almost quartzite in places, in the upper, with some 
evenly bedded limestone at tap. (No. 20 of original 
section). 

C. U1:tnamed Formation (Horizons 5-19 
of Walcott's section) 615 ft. 

Shales and sandstones, alternating with more or less 
argillaceous limestone beds from 2-18 ft. and in two cases 
50 ft. thick . The basa] 40 ft. consist of sandy huff 
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shales with annelid trails and Cruzt"ana, apparently indicat
ing a disconformity and shallow water. In an 80 ft. 
-limestone (No. 7) of the section, H yolithes billingsz" and 
Ptychop(Wz"a ( Amecephalus ) piochensz"s occur, indicating a 
Middle Cambrian age. 

[Hiatm and Disconfwmz"ty] 
LowER CAMBRIAN 

B. Shale and lz"mesfone series (Beds 2-4 
of Walcott's section) 131 ft. 

Two beds of limestone, separated by 80 ft. of 
arenaceous shales, with Olenellus ( Mesonads) gilbertz", O. 
( Peachella) z"ddingsi. Annelid trails etc. M g-ilber# also 
occurs in the lower limestone. 

A. Basal quartzite sometimes ripple-marked 350 ft. 

The Chisholm shale is made the lowest fossiliferons 
horizon of the Middle Cambrian in Resser's latest standard 
sections,l although he considers that some of the basal 
sandstones underlying from 50-1500 ft., may form an 
earlier member of the overlapping Middle Cambrian series. 
He moreover expresses the opinion that some of · these 
basal sands may represent the accumulations of the Pre
Cambrian Beltian series ( Sinian) . However, it appears 
from this Highland section, that there are at !east some 
1200 ft . of limestones, shales and sandstones below the 
Chisholm, which still carry char:acteristic fossils of the 
latter formation in the b:1.sal portion. Walcott · himself 
states in 1916, (Cambrian Geol. & Pal. Ill, p. · 40H) that 
the Chisholm sha:le lies about 1200 ft. above the Lower 

1 Bull, G. S. A. Vol. 44, No. 1. p. 749, 1933. 
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Cambrian in the Highland Range Section, i.vhich corresponds 
with the section .above ·given. · Walcott' further says "The 
stratigraphic position of the Chisholm shales corresponds 
in a general way to the Spence shale of the Ute formation 
of Southern Idaho" .1 

Sectz"on X XVI Pioche Nevada. 
This  section lies close to the Utah border and some 

40 miles N.E of the Highland section and l 00 miles S.W. 
of the House Range Section. It shows the following sub
division in descending order. (U.S.G.S. Correlation Tables 
1.933 )· 

SuPERFORMATION Eureka quartzz"te 150-300 ft. 
MIDDLE 0RDOVJCIAN. 

8. Tank Hill lz"mestone (Type Locality) 450 ft. 
Upper 50 ft. consist of shaly limestones 

and shales preceded by thicker-bedded limes-
tone and in the lower part a gray, fine 
grained thin-bedded limestone said to con-
tain Chazy fossils. 

[ Hz"atus and Disconformitx�] 

LOWER 0RDOVICIAN 

7 . Yellow Hilllz"mestones (Type Locality) 670 ft. 
Fine-grained, gray limestone in beds 2 

or 3 inches to l ft. thick, with conglomerate 
layers common in the upper and with medium 
bedded gra y limestone, often conglomeratic, and 
with conglomerate layers, in the lower part. 
UPPER CAMBRIAN 

6. Mendha limestone (Type Locality) 
(Upper Cambrian fossils) 1900-2100 ft. 

1 Loe cit p. 410 
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d. Blue-gray thick-bedded, cherty, 
limestone with layers of flat 
limestone conglomerate 450 ft. 

c. Dark-gray to black dolomitic 
and cherty limes tone 3 50 ft. 

b. Gray heavy-bedded crystalline 
limestone 500 ft. 

a. Gray l imestone, thin and thick
bedded, much oolitic and con-
glomeritic material 800 ft. 

[Hz"atus and Disconformdy?] 

MIDDLE CAMBRIAN 

5. Highland Peak limestone 
Light gray to dark gray or black, 
fine to medium grained recrystalliz
ed l imestone ; dolomitic limestone 
and dolomite. 

3000 ft. 

4. Chisholm shale 0-180 ft. 
Yellow or red-brown argillaceous 
shale, with limestone Iayers, abundant 
Middle Cambrian f ossils. 

3. Lyndon limestone (Type locality no 
fossils ) 
Upper half lighter gray and more 
crystalline, lower half fine-grained 
dark-gray heavy-bedded. 

[Hiatus and Disconformz"ty.f'] 

LOWER CAMBRIAN 

2. Pioche shale (Type Locality ) 
Y ellow or brown, rar el y red argil
laceous shales, with thin limestones, 

400 ft. 

1120 ft. 
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and sandstones, chiefly in middle 
and upper part. Abundant Lower 
Cambrian fossils. 

l .  Prospect JVIountain quartzite 

Light to dark-red, vitreous sand-
stone or quartzite, well bedded 
with shale partings, thicker bedded 
at top .  

(Base o/ section not shown.) 

1500 ft. + 

Comparison of these two sections show a marked 
difference in the beds which precede the Chisholm shales. 
lf the measurements are reliable, we have about 1220 ft. 
of limestones shales and sandstones underlying the Chisholm 
shale in the Highland Range section, with characteristic 
fossils in the lowcr beds of this series, while in the Pioche 
section only 400 ft. of limestone ( Lyndon limestone ) 
separate the Middle Cambrian from the Lower Cambrian 
Pioche shales. This would indicate a rather marked over
lap within short distance. In like manner the Lower Cam
brian Olenellus beds of the Highland Peak section are only 
l Hl ft. thick, preceded by the basal quartzite whereas in 
the Pioche section, the basal quartzite is succeeded by 1120 
ft. of Pioche shales with characteristic Lower Cambrian 
fossils. This too, if correct is understandable when we 
recognize the existence of a hiatus with erosion of the 
older series, followed by overlap of the younger series. 

Sec#on XXVII. The House Range i11. Utah. 

The general character of the House Range of . South
western Utah and its approximate location near Sevier 
Lake has already been given (Part I page 64 & Vol. IV 
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page 901). This has come to be one of the best known 
3$ well as the most typical sections of the Middle and 
iater Cambriaa beds of this part of the Cordilleran region . 
The lower formations of this section were originally refer
red to the Prospect Mountain and Pioche shale, though 
the beds referred to the latter are t;hin (125 ft. ) and 
contain no characteristic fossils except annelid trails and 
Cruzt'ana. Reeently however, Resser (1933 p. 749) has 
expressed the opinion that the so-called Prospect Mountain 
quartzite of the House Range is not to be correlated, with 
the typical formation of that name farther to the south
west, but that it may actually be the overlapping base of 
the Middle Cambrian, while some of the material may also 
be of pre-Cambrian ( Sinian) age more or less reworked 
by the advancing Middle Cambrian Sea. According to this 
view, which has much to commend it, the so-called Pioche 
shale of the House Range also falls into the Middle Cam
brian. 

The following is the succession, in descending order, 
of the fonnations of the House Range section (Walcott I, 
p. 173). 

LowER ORDOVICJAN 

M Lt'mestones resting conformably on the 
Upper Cat;nbrian and characterized by 
Westont'a notchenst's, Eoortht's colorado

enszs etc. Probably referable to the 
Garden City limestones of more northern 
sections. 

285 ft. 

� References in italics refer to the volume and page in the 
Science Quarterly; the others ref er to the reprint. 
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UPPER CAMBRIAN 

L. Notch Pcak Formatz"on 1490 ft. 
1 a Gra y arenaceous, limes tone wi th irre-

gular nodules of chert, and with thin 
cherty layers in the lower part. 640 ft . 

Among the characteristic fossils are 
Lz.ngulella z·sse (Walcott ) 
Eoorthz·s coloradoensz"s. (Meek) 
Schz"zambon typz·calz"s Walcott, be-

sides trilo bites. 
lb  to l e. Shaly limes tones preceded by 

siliceous and cherty limestones with 
occasional shaly beds. 120-150 feet 
above the base Obolus leda Walcott 
has been obtained 850 ft. 

[ Dz"scon.formz.ty.f!] 

The actual existence of a disconformity in 
this section has not been ascertained, but appears 
not improbable in comparison with the Blacksmith 
Fork section of northeastern Utah. The lower 
beds of the Notch Peak formation when not 
metamorphosed are thin-bedded limestones with 
cherty material that occurs as flattened nodules 
and thin layers that weather dark brown. The 
contact with the underlying formation appears 
not to be well shown, for the section has been 
carried along the strike of the exposed strata 2 
miles west of Orr Ridge, where the rocks of 
the next lower formation are not metamorphosed. 
In his original description of the section in 
1908,1 Walcott included the Orr formation in 

1 Walcott. Cambrian Geol & Pal. l, p. 173 
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the Upper Cambrian, drawing the line between 
it and the \V eeks formation. More recently 
however, he has also included the l�tter in the 
Upper Cambrian. We shall discuss this more 
at length below. 

UPPER? OR MIDDLE? CAMBRIAN. 
K. Orr Formation 18 2 5 ft. 

la. Bluish gray to gray compact 
limestone in layers l inch to 
2 ft. thick, 200-3 75  ft. 
Only fragments of trilobites 
have been recorded. 

l b. Sandy, siliceous, shales with 
interbedded limestone layers 
6 inches to 2 ft. 84 ft. 
Among the fossils in this 
bed are the following. 
Lingulella mantz"cula ( White) 
Lingulella z"sse (Walcott ) 
Obo! us rotundatus ( Walcott) 

l c. Lead-coloured, finely oolitic 
and arenaceous limestones.
Only fragments of trilobites 
recorded 91 ft. 

l d. Bluish gra y, compact lime-
stones in layers 2 inche� to 
4 ft. thick.- 1 15 ft. 

Near the base, besides 
fragments of trilobites, the 
following spectes are re
corded 
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Lz"nnarssonella modesta Walcott. 
Lz"nnarssonella nitens Walcott 

le. Dirty-brown and bluish black 
arenaceous shales, with thin 
gra y f ossilif erous nodule:; in 
some horizons and a f ew 
limes tone la yers 4 to 8 in-
ches thick.� 235 ft. 
Near the top occur. 
Linnarssonella modeSta Wak. 
Lingulella isse ( Walc.) and 
Trilobite remaz"ns 
Near the bottom, the following are found 
Paterina crenistria? (Walcott) 
Obolus mcconnelli,peleus (\;valcott) 
Lingulella desiderata (Walcott ) 
Li�tgulella z'sse (_Walcott) 
Linnarssonella transversa Walcott. 
Crepicephalus sp. 

2a. Gray, slightly arenaceous 
lirr.estones in layers 2-6 ft. 
thick.- 590 ft. 

At the base and at a 
point 275 ft. above the base 
Crepicephalus coria Walcott 
and C. dis W a.lcott were 
f ound, species which also 
occur in the Week' s f orina
tion. In additiori to these 
the basal beds also contaih 
Lingulella desiderata and 
Acrotreta idahoensi's. · 
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2b. Gray, cherty limestone, the 
chert in layers 170 ft. 

2c. Gray arenaceous limestone 165 ft. 
Traces of trilobites and 

brachiopods are found in. the 
lower portion. 

J. Weeks Formation 1390  ft. 
1 a. Thin-bedded limestone 245 ft. 

(Fragments of trilobites and 
brachiopods) 

lb. Shaly limestone 285 ft. 
l c. Shaly bluish gra y or dark 

blue limestone 170 ft. 
The faunas of these two 
divisions include: 
Lz"ngulella isse (Walcott) 
Obolus (Fordinz"a) per.fectus Walcott 
Acrotreta ophz"rensis descendens Walcott 
Crepicephalus coria Walcott 
Crepicepha!zts dis Walcott 
Asaphiscus mz"nor Walcott 
A saphz"scus granulatus Walcott 
Asaphz"scus unispinus Walcott. 
(The last two in horizon 1 c on ly) 

1 d. Reddish tinted more or less 
arenaceous shaly limestone 
with the same fauna as in 
l e. 30 ft. 

le. Shaly, gra y limes tone, similar 
to le with the same fauna 220 ft. 

lf. Even bedded bluish gray 
limesi:one, with traces of 
Agtwstus and Ptychopm-ia 330 ft. 
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MIDD LE 
I. 

lg. Calcareous shales with thin 
layers of limestone 60 ft. 

CAMBRIAN 
Marjum Formation. 11 02 ft. 
la. Gray, more or less thin

bedded limestone, with flat
tened cherty nodules and 
thin irregular layers at inter-
vals 305 ft. 
In the upper 100 ft. Obolus 
( Fordim:a) and Acrotreta 
are represented by several 
characteristic species. In the 
central portion, Micromitra 
sculptzHs, Lz'ngulella ar guta 
and Dicellomus prolifz'cus 
occur, together wi th A cro-
tretas and trilobites. In the 
lower part, Iplzz'della pannula 
oplzirensz's, 0/Jolus mcconnelli 
pelias and O. rotundatus 
occur. The fauna is included 
in Table VI, where it will 
be seen that a number of the 
species are in common with 
the overlying Weeks forma-
tion. ( See also Table B 
cols 6-8) 

l b. Alternating hands of blue
gray comp:tct limestone and 
gray arenaceous limestone 247 ft. 

Ptychoparia is the only 
fossil recorded 
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l c. Dark and light gray, thin
bedded li mestones more or 
less arenaceous 2 50 ft. 
This has fumished a fauna 
from near the top and an-
other in the central 100-150 
ft. of thin-bedded shaly lime-
stone. This is given in cols 
4 and 5 of the subjoined 
table (B )· Owenel!a and 
Neolenus are the leading 
trilobites of this and the 
next lower division. 

l d. Gra y shaly limestone, pass
ing below into shales, which 
are interbedded in the shaly 
limes tone, and at 7 5 ft . 
from the top into drab 
argillaceous shales l O 5 ft. 
The fauna is  much as in the 
underlying bed and is given 
in col 3 of the subjoined 
table (B). 

le. Dark, bluish-gray limestone 
in thick beds 1 9  5 ft. 
( Col. 2 Table B) 

H. Wheeler Formation. 570 ft. 
Alternating beds of thin shaly 
limestone and calcareous shale, with 
shale gradually increasing and pre
dominating towards the lower por
tion. At 405 ft. from the top, 
a band of blue-gray hard lime-
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stone l /8 to 2 inches thick, 
another at 4 7 3  ft. and others 
lower down . A rich fauna occurs 
between 2 3 0 to 3 5 0  ft. from 
the base. The species are listed 
in Table VI. 

G. Swazey Forma#on. 
l a. Oolitic and arenaceous lime-

stone in massive layers near 
the top. Below dark-bluish 
gray limestone is occasion-
ally interbedded, gradually 
becoming the principal rock 1 52 ft. 
Species of Zacanthoides and 
Dorypyg-e occur. 

l b. Drab and reddish shales, 
with interbedded fossiliferous 
limestone 63 ft .  

1 c .  Massive limes tone l 7 ft. 
l d. Calcareous and argi llaceous 

shales with thin layers of 
limestone l 02 ft. 
Paterina labradorica utaen-
sis, and Lz"ng-ulella ar guta 
are f ound here. 

l e. Limestones with concretions 
& characterized by Westonia 
ella l 02 ft. 

3 40 ft. 

F. Dome Limestone 3 5 5  ft. 
Massive-bedded cliff-forming, siliceous 
limestone, with occasional layers of thin
bedded brownish, yellow, arenaceous lime-
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stone, about 1 /3 the thickness from the 
top .  

E. Howell Formation 
la . Bluish black massive limes-

tone 50 ft. 
l b. Gray siliceous limestone · 8 ft. 
l e. Similar to la. 1 0 5  ft. 
l d. Pinkish argillaceous shale, 

with interbedded thin layers 
of limestone l O ft. 

l e. Gray siliceous limestone 70 ft. 
l f. Bluish-black, massive limes-

tone 1 02  ft. 
l g. Gra y, siliceous limestone 90  ft. 

Fossils have been recorded 
from l a, I d, 1f and these are gtven 
in Table VI. 

4 3 5  ft. 

D. Spence Shale 20 ft. 
Pinkish argillaceous shale, with a rich 
fauna in which Ptychoparia (Amecephalus) 
pz"ochensz·s and Zacanthoz"des typz·calz"s 
are leading types. Both of these species 
are characteristic of the Chisholm forma
tion of the Highland Peak and Pioche 
sections with which the Spence shale is 
tentatively correlated by Walcott. The 
fauna is given in Table VI. 

C. Langston? Formatz"on 205  ft. 
These beds are correlated with the Lang
ston Formation of Northeastern Utah 
and Idaho, because in both cases they 
underl ie the Spence shale. 
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l'a. Massive bedded, bh.iish-gray, 
an.:naceous limestone, wi th 
irregularly arranged huff� 
colonred arenaceous limes-
tones 

The fauna includes spec1es 
of Bz"l!ingsella, P!atyceras, 
.Eiyolithes, Leperditia, Pty
choparia, Zacanthoides and 
Dorypygd 

lb. Brown arenaceous limes tones 
in thick layers, almost sand-

170 ft. 

stone in places 35 ft. 

B. «Pioche" Formation 

Arenaceous and siliceous shales and 
quartzitic sandstones with annelid trails 
and Cruziana. This was originally re
f er red to the Lower Cambrian together 
with the underlying sandstone, which was 
identified as the Prospect Mountain for
mation ( see part I, p. 65) (9I), but 
according to Resser both represent over
lapping Middle Cambrian beds. 

125 ft. 

A. Basa! sandstone 1375 ft. 
Gray and brownish quartzitic sandstone, 
formerly identified as the Prospect 
Mountain formation of the sections far
ther to the southwest. According to 
Resser C 19 3 3) these represent the basal 
beds of the overlapping Middle Cambrian, 
with probably in part reworked Beltian 
C Sinian ) beds. 
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Table E. 

Fazmas of the Marjum Formation of 

House Razzge Utalz. 

Brachiopoda 

Micrornitra sculptilis Meek 

Iphidella pannula ophirensis (Walcott) 

Obolus rncconnelli pelias Walcott 

o. rotundatus Walcott. 

O. (F(•rdinia) gilberti vValcott 

O. (Fordinia) perfectus Walcott 

Lingulella arguta \Valcott 

Dicellornus prolificus Walcott 

Acrothele subsidua White 

Acrothele subsidua laevis \V alcott 

Acrotreta attenuata Meek 

Acrotreta bellatula Walcott 

Acrotreta rnarjurnensis Walcott 

Acrotreta ophii ens is vValcott 

Acrotreta cf ophirensis vValcott 

Acrotreta pyxidicula White 

Acrotreta cf. sagittalis Salter 

Jamesell a nautus (Walcott) 

Jamesella spencei (Walcott) 

Eoorthis remnicha (Winchell) 

Eoorthis thyone Walcott 
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Table B. (C oucluded) 

Brachiopoda 

Syntrophia? unx1a Walcott 

Linnarssonella sp. 

Hyolithidae etc. 

Hyolithes sp. 

Trilobita 

Agnostus sp. 1 

Agn ost us sp. 2 

Agnostus sp. 3 

Asaphiscus wheeleri Meek. 

Bathyuriscus? sp. 

Elrathia kingi (Meek) 

Marjumia callas W alcott 

Marjumia ty pa Walcott 

Neolenus inflatus W alcott 

Neolenus intermedius Walcott 

Neolenus intermedius pugio Walcott 

Neolenus superb us Walcott 

Orria elegans Walcott 

Poliella probus \Valcott. 

Ptychoparia sp. 

Anomocare sp. 

Solenopleura sp. 

Owenella ty pa "\1\,r alcott 

Ogyopsis? sp. 

1 2 3 
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The most important problem in this section is the· 
position of the dividing line between the Middle and Upper 
Cambrian. Originally Walcott drew it between the Weeks· 
and Orr formations, referring the former to the Middle and 
the latter to the Upper Cambrian. More recently he re
ferred them both to the Upper Cambrian, drawing the line 
at the top of the Marjum formation. This question will 
be more fully di scussed below. To furnish a basis for the 
discussion we give on the preceding pages a table of the 
faunas of the Marjum formation with their vertical range. 

Sectz"mz XXVIII Blacksmith Fork Can;'01l 

The sections in the vicinity of Salt Lake C ity in the 
Northern \V asatch are numerous, the best known being 
that in Blacksmith Fork Canyon in the east side of Cash 
Valley , in the \Vasatch Mountains. between the Logan 
Peaks, and about l O miles east of the town of Hiram 
and about 60 miles north of Salt Lake City. (28a of 
the small map in Fig. 7.) It lies about 2 30 miles N.E. 
of the House Range section and is north of the greater 
effect of the pre-Cambr ian Uinta Mountain uplift and 
island. The succession is as f ollows in descending order. 
(Walcott I, p. 191. & 16th International Geological Con
gress, Guide 17, pp. 130-13:3. ) 

LowER 0RDOVICIAN 

Garde1t City limesto1ze. 190 ft. 

Dark-bluish-black and gray limestone, similar to 
and continuous with the underlying Upper Cambrian, 
and like i t  marked by flattcned concretionary nodules 
and stringers, from minute size to 6 or more c.m in 
diameter. The fossils include. 

Eoorthis coloradoensis ( Meek) 
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Syntrophz:a nundz"1�(l, Walc�tt 
Ortlwceras, Endoceras, fragments of trilobites etc. 

u PPER CAMBRIAN 
St. Charles Formatz"01z 1227 ft. 

l. Dark-bluish-gray and gray 
limestones, often made up 
of flattened concretions as 
in the overlying bed. Rich 
faunas at 25ft. and between 
l 05 and 125 ft. below the 
top and 20 to 30 ft. above 
the base. 190 ft. 

2a. Massive dark-gray arenace-
ous limestone. 195 ft. 

2b. Massive arenaceous lime
stone, with a few irregular 
chert layers and some con· 
cretion layers l 00 ft. 

2c. Gray, siliceous and arenace
ous limestone with Westonz"a 
iphr:s and Lz"1zgulella de-
siderata 85 ft. 

2d. Massive arenaceous limestone 397 ft. 
3. Bedded bluish-gray fossilifer-

ous limestone 94 ft. 
Contains: 

Lz"ngulella mantz"cula 
Bi(lz"ngsella coloradoensz"s 
Huene/la lesliez" etc. 

4. Sandstone, light - gray to 
brown, shaly and thin-bedded 
near the base 166 ft. 
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This sandstone marks 
the transgressive base of the 
Upper Cambrian and near 
its base carries Lingu!epis 
acuminata and in i ts upper 
2 0  ft, the following species. 
Obo!us discoideus ( Hall & Whitfield) 
Obo! us ( Fordinia) be!!u!us (Walcott) 
Acrotreta idahoensis alta Walcott 
Bitlingsella coloradom,sis ( Schum. ) 

Hiatus and D-isconj'ormity 

MIDDLE CAMBRIAN 
Nounan limestone 

Light or dark-gray limestones, 
arenaceous throughout and cherty 
near the base. These beds re
present the retreatal series of the 
Middle Cambrian. They carry a 
few fossils in the lower 28 feet of 
cherty arenaceous limestones, and 
numerous large annelid borings in 
many of the arenaceous limestones. 

Bloomington Formation 
la-c. Limestones with 1 2 ft. 

shale bed same clistance 
above the base 4 7 ft. 

ld-lf. Argillaceous and s:mcly 
shale, witf.t- a 4 ft. bed 
of fossiliferous limestone 
22 ft. above the base l7B ft. 

2a, Bluish gray limestone with 
fragments of fossils 38 0 ft. 

1041 ft. 

1320 ft. 



2b. 

2c. 

2d. 
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Massive gray limestone. 
F ossilif er o us 

Hluish gray limestone 

Greenish argillaceous shale, 
with Westonia wasatchensis 
and tri lo bites 

1 32 ft. 

290 ft. 

39 ft. 

2e-2g. Limestones, somctimes are-
naccous 259 ft. 

Micromitra scu!ptilis and tril
obites in the lower part. The fauna 
which is fairly regularly distributed 
is listed in Table VI. 

Blacksmit!t limestone 570 ft� 
1 a. Dark-lead.gray arenaceous 

limestone 195 ft. 
lb. Arenaceous limestone, pass-

ing downward into compact 
limestones. Fragments of 
trilobites and annelid borings 375 ft. 

Ute lt"mestone 729 ft. 
la. Bluish-gray, compact, thin

beclded limestone with an
nelid borings, brachiopods, 
trilobites etc in the upper 
part 290 ft. 

lb. Gra y arenaceous limestone, 
often oolitic, with intrafor
mational conglomerates and 
flattened concretions 135 ft. 

Fossils in the upper 5 ft. and 
70 to 80 ft. below the top. (Sce 
Table VI.) 
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le. Gray limestone, with a few 
layers of intraformational 
conglomerate and some shaly 
limestone 58 ft. 

2a. Gray fine-grained calcareous 
and argillaceous bcds wi th 
brachiopods and trilobites 38 ft. 

2b. Fine-grained, thin - bedded 
limestone 57 ft. 

Few fossils. 
2c. Greenish, ar'gillaceous and 

calcareous shale 
2d. Thin-bedded limestone 
2e. Gray oolitic limestone, with 

brachiopods Hyolz"thes and 

51 ft. 
36 ft. 

trilobites 24 ft. 
2f. Greenish, argillaceous and 

sandy shales with brachi-

opods and trilobites 18 ft. 
2g. Bluish gray, thin-bedded 

limestone with Paterina, 
Hyolithes and Ptychoparia 22 ft. 

The fauna is distributed very 
generally throughout the formation 
and is listed in Table VI. 

S pettee s hale 
Greenish, argillaceous and sandy shale, 
with a very rich fauna listed in Table 
VI. The leading trilobites are Doliclto
metopus productus ( Hall & Wh itfield ) . 
Ptychoparz"a ( Amecephalus) piochensis 
( Walcott) and Zacanthoz"des idahomsis 
and Z. typicalis.'?. 

30ft. 
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This horizon probably correlates with the 
Chisholm shale of the sections f urther 
south. 

Langston Formation 498 ft. 
la. Massive blue-gray limestone, 

passing downward into gray 
arenaceous limestone, with 
many round concretions. 
Westonia ella and Dolichome-
topus productus etc 64 ft. 

lb. Massive blue-gray limes tone, 
with many round concretions. 44 ft. 

Dolichometopus produc
tus and Ptychoparia. A dch 
fauna of brachiopods at this 
horizon, 2 miles southeast 
of Malad; 

2. Massive-bedded, dark are
naceous limestone passing at 
about 150 ft. down into a 
calcareous sandstone and then 

Brig ham 
la. 

lb. 

le. 

into a gray sandstone 390 ft . 

quartzite 1232 ft. 
Gray-greenish, gray-brown 
etc quartzitic sandstone 28 ft. 

Greenish hard sandy shale, 
this contains annelid trails 
and trilobite tracks 4 ft. 
Quartzitic sandstone similar 
to  la estimated 1200 ft. 

vV alcott holds that a part of 
the Brigham quartzite may be of 
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Lower Cambrian age, the dividing 
line falling somewhere within the 
sandstone series. It is more likely 
however that the marine Low:er 
Cambrian here is overlapped and 
that a good part of this basal 
sandstone represents continental 
sediments, which may be of Lower 
Cambrian or even Sinian age. Thi·s 
is in line with the correlation by 
Resser for the House Range sec. 
tion, 230 miles further southwest. 

Sectz'on XXIX, Uinta Mountaz'ns 

The Uinta Mountains represent an east-west anticlinal 
mountain range in northeastern Utah. The central eroded 
portion exposes the pre-Cambrian ( Sinian) Uinta quartzite 
and the Cambrian and younger Palæozoic beds overlying it. 
Above these f ollow Mesozoic strata , up to and including 
the Cretaceous, while Tertiary beds rest unconformably on 
these near the flanks. 

Only one Cambrian f ormation, the Lodore series of aren
aceous shales and soft sandstones with conglomerates at the 
base, is recognized. This rests disconf ormably upon the Uinta 
quartzite, and is in turn disconformably succeeded by the 
Mississippian or later PaJæozoic formations. The Loclore 
ranges from O. to 1200 ft. and represents the overlap along 
the okl shore line of the Middle or Upper Cambrian series. 
I have seen no record· of fossils from this formation and 
so cannot make any suggestion regarding its age. In the 
<:orrelation sheet of the U.S. Geol. Survey, it is referred 
to as probably Upp.er or Middle Cambrian. It may well 
represent the overlapping wedge-ends ' of bo.th M iddle and 
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Upper Cambrian transgressions in so far as it is of marine 
ongm. The section lies some 30 or 40 miles E. S. E. 
from Blacksmith Fork section and perhaps twice that diS
tance S. S. vV from the Wind-Rivcr section near Landor 
(Section XXI) where the Cambrian strata are much more 
fully developed. This suggests a marked irregularity in the 
old shore line, due to what Walcott has called the Pre
Cambrz"an Uinta ujlz".ft and istand. It must not be for
gotten however, that this region may have suffered exten
sive erosion in pre-Mississippian time, so that some of the 
older Palæozoic strata formerly present, may have been 
again removed. This is strongly suggested by a comparison 
with the Leadville and Pike's Peak section in both of 
which there is a more complete representation. 

Sectz"on XXX Leadville Colorado. 

This section lies something over 200 miles E. S. E. 
from the preceding, or about BOO miles from Black
smith Fork section. The successwn in descending 
order here is as follows. 

SttperformatiOJi 
Upper Devonian Quartzites 

[!p per Ordovician 
Frecr�ont limestone. } variable thickness to absent, 
}brdmg sandstone 

Hiatus and Discmzj"m mity 

Lo-zc•er Ordovician [More probably late Upper Cambrian] 

l\Ianitou limestone. 9 5-120 ft. 

Thin� bedded, light to gra y 
dolomitic limestone, many 
shaly layers 
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Upper Cambrz"an [Pre-Cambrian and early Cambrian residual 
sands. ] 
Sawatch Quartzite 50-108 ft. 

3. Red-east beds or transi-

2. 

1. 

Sub-Formatt"on 

tion shales 0-40 ft. 

White quartzite up per 
part sometimes brown-
ish 50-100 ft. 

Conglomerate 0-1 ft. 

Hz"atus and Uncotz(ormity 

Pre-Cambrian gne1sses and schists. 

Section XXXI Pike's Peak Rcgio1l. 

This section along the Front Range of the Rocky 
Mountains same 7 5 miles southeast of the preceding, 
is ane of the best known of the early Palæozoic of 
that region. It is best exposed in William's Canyon, 
nea:r Manitou but other good exposures along the 
Front Range are also known. The old gneiss surface 
below the Cambrian rocks, shows a rema,rkably even 
erosion surfacel the old peneplane in places being as 
level as a table top . On this rest the older Pal
æozoic beds, beginning with a very pure quartz sand
stone, which evidently represents a residua1 sand which 
has been worked over by the wind for a lang time, 
prior to the transgression of the sea. The general 
succession in this region is as follows: 

1 W.O. Crosby. Archæan-Cambrian e()ntact near Manitou Colorado. 

Bull. Geol. Soc. America. Vol. X, pp, 141-164, 1899 
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Super jormation Mississippian Millsap limestone. 

Hiatus atzd Dz"sconjormz"ty 

Upper Ordovz"dan 
Freemont limestone (Type locality m 

Pike's Peak region) 0-100 ft. 
Bluish gray or pinkish dolomite, some

times arenaceous. Richmond fossils in upper 
part. In the Colorado Springs region, this 
limestone is absent. 

Hiatus and Disconjormz"ty? 

Mz"ddle Ordovidan. 
Harding stands tone 0-100 ft. 

Light-gray, saccharoidal quartz sand
stone, its age thought to be early 
Trenton or late Black River. 

Cambrovidan 

Manitou 
4. 

Hz"atus and Dz"sconjormity ( ?) 

( Upper Cambrian transgression 

limestone (Type locality) 

beds) 

2. 

l. 

Thick-bedded, dove-colour-
ed limestone l 00 ft. 
Massive gray limestone, in 
part granular 100 ft. 
Thin-bedded purplish and 
reddish gray limestone 
Red limestone 

50ft. 
6 ft. 

50-250 ft. 

Basal sand (more or less reworked residual sand) 
Sawatch sandstone 45 ft. 

2.. Reddi.sh, ca.lca.reous and 
glauconitic &andstone, somt> 
limestone 30 ft. 
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1 . Cream-coloured quartz sand
stone 11 ft. 

Hz"atus and Unconformit;' 

Sub-Formation-Pre-Cambrian. Pike's Peak granitc 
The Manitou limestone referred by the U. S. G. S. to 

the Beekmantown is more recently regarded by Ulrich and 
Walcott as Ozarkian. Among its characteristic fossils are 
Obolus loperi, O. matinalis (Hall) Schizambon mmzitouensis 
Walcott, Eoorthis desmopleura Meek, E. lineocosta Walcott, 
E. 1tympha Walcott and .Syntroplzia nundina Walcott. 
The latter is also characteristic of the St. Charles Upper 
Cambrian, the Garden City and the Pogonip formations. 
Among the trilobites is Liostegium manitouensis Walcott, 
also found in the Chushina limestone of the northern 
Rockjes which like the Manitou is referred to the Ozar
kian. There can be no question that this limestone repre
sents the transgressive phase of the 3rd marine pulsation 
and as such represents the Ozarkian of the Appalachian 
geosyncline, though its relationship may be with the Pal
æo-Cordil1eran geosyncline. If as I believe, the Ozarkian 
transgression is the culminating phase of the Upper Cam
brian, these limestones will have to be referred to that 
time division. The underlying quartzite merely represents 
the more or less reworked residual basal sand, which was 
found on the surface by the transgressing sea and so must 
be classed as a part of the same formation. Whether the higher 
part of the limestone in some sections is to be classed as 
the retreatal phase of the Cambrovician pulsation and 
therefore referable to the Beekmantown proper cannot be 
determined at present. If however, there is no hiatus be
tween the Manitou and the Harding sandstone the latter 
\vould represent the sediment of the retreating phase of 
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the Cambrovician pulsation and thus represent essentially 
the St. Peter sandstone of the Upper Mississippi region. 
If a hiatus does exist between these two formations, then 
the possibility of more or less erosion of the previous]y 
deposited Upper Cambrian and Lower Ordovician rocks 
must be taken into consideration. 

A comparison of the Pike's Peak section with that of 
the vVind River region near Landor ( No. XXI) more 
than 350 miles northwest, (Text-Fig. 8 .) shows that the 
latter is markedly distinct, for though in a general way, 
the Bighorn limestone of the \Vind River region can be 
correlated with the Freemont limestone of the Pike's Peak 
region, the subjacent beds of the two localities are quite 
different; the Manitou horizon being unrepresented in the 
Wind River region, while beds of earlier Cambrian age, 
Gallatin limestone and Grosventre shale, directly precede 
the Bighorn limestone of the Wind River region. This 
may be explained by overlap and subsequent erosion of 
the Manitou horizon in the more northwesterly region, but 
in that case such erosion must also have taken place in 
the Bighorn and Deadwood regions, where the Deadwood 
directly underlies the Upper Ordovician. This suggests that 
the deposits on 

·
the Front Range belong rather to the late 

Cambrian ( Ozarkian) transgression over Mississippia, and 
that the transgression of the corresponding period of the 
Pa:læo-Cordilleran geosyncline, did not extend beyond central 
Utah.

· 
This is borne out by the Yellowstone, Helena, and 

Gordon Mountain sections, which are situated north west
ward along the Pike's Peak-Landor line, at approximate 
distances of 150, 300, and 360 miles from Landor. 
(Text-Fig. 8.) In all of these, the Upper if not the Middle 
Cambrian beds are followed directly and disconformably by 
Devonian or Mississippian beds. The Gordon Mountain 



MIDDLE CAMBRIAN OR ALBERTAN PULSATION 299' 

Text-Fig. 8. Sections approximately along the marginal plain of the Palæocordil. 

letan Geosyncline from Gordon Mountain Montana to Pikes Peak Col orado, showing; 
the variation of the overlapping beds of the Middle Cambriancand their relation to 
the ericlosing formations. The scales of miles and of vertical feet are given . For 
location of sections see inset map in Text-Fig. 7.· 
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and Helena sec::ions have already been gtven, but the 
Yellowstone section deserves a brief consideration. 

Sectz"on XVIII Yellowstone Region 

The succession here in descending order 1s as f ol-
lows. 

Superformation Middle Devonian. Jefferson Limestone 

Hiatus and Discon.formity 

Upper (fofiddle?) Cambrian 

Gallatin limestone 

Æfiddlc Cambrian 

Grosventre F ormation } 
Flathead quartzite 

110-400 ft. 

700-750 ft. 

H·z"atus and Dz"sccJz(ormz"ty or Uncon.formity 

Algonkian [Sz"nz"an] shales and quartzites. 

In other sections in this general region, the Bighorn 
limestone, up to 350 ft. thick and of Ordovician age, lies 
between the Gallatin and the Jefferson limestones. 

A. The Crow.foot Rz"dge Section 

One of the most complete sections in the Gallatin 
Mountains, along the northern border of the Yellowstone 
Park is that of Crowfoot Ridge. Here the succession of 
the lower beds is as follows according to Iddings and 
Wecd.l 

l Geology of the Yellowstone National Park by Arnold Hague, J.P. 
Iddings, and W. H. W eed . Monograph of the United States 

Geol. Survey. Vol. XXXII, part 2, 1889, p. 8. 
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Gallatz"n lz"mestone series 105 ft. 
Upper Gallatin 

18. Limestone conglomerate, nodular 
and shaly layers near the base 
overlain by thick and thin beds 
of densely crystalline limestone, 
alternating with thinner shaly and 
fissilc strata with brown layers 
and layers of very fossiliferous 
crystalline limestone 40 ft. 

l 7. Shales, calcareous, thin ; purple 
green and brown 5 ft. 

16. Limestone, very argil laceous, buff, 
brown, very fissile 5 ft. 

15. Shale, greenish gray, very soft 
and crumbling 5 ft. 

Dz'sco;iformity ( ?) 

Lower Gallatin 
14. Mottled limestone. The upper ') 

ft. is an arenaceous conglomerate, 
in which the fragments are round
ed pebbles of shale and sand
stone. The matrix 1s slightly 
argillaceous sandstone. The mot
tled limestone is pure and thick 
bedded dark gray mottled with 
brown or black; crystallinc, with 
granular weathered surfaces of 

, unchanged colour 50 ft. 
Grosventre Formatz'on 555 ft. 

13. Limestone variously m6Clified. The 
lower levels, thickly and:thinly 
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bedded, much of it coarsely crys
talline with green grains of 
glauconite and great numbers of 
trilobite spines. Interbedded with 
this limestone are layers of 
dense-gray fissile and thinly
bedded limestone with yellow 
bands, and limestone conglomerate. 
About the middle of the series 
there are several thick beds of 
crystalline limestone containing 
green grains. This is overlain 
by a conglomerate. The matrix 
is pure limestone, the pebbles 
slightly argillaceous and resemb-
ling a mud deposit l 00 ft. 

l�. Shale, very thin, olive green to 
dark purple 

11. Limestone pure and ferruginous, 
some beds weathering into large 
limestone balls, 

10. Limestone conglomerate, the frag
ments well rounded, bro·wn-gray 
and gray in buff matrix, underlain 
by crystalline limestones with 
green grains and thinly-bedded buff 
limestones 

15 0 ft. 

10ft. 

50ft. 
9. Thin-bedded limestone 
8. Massive bedded limestone 
7. Fure gray limestone, with 

dense layers 

} 175 ft. 

6. Thinly-'bedded limestone, with 
shells and trilobites 10 ft. 
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5 . Thinly-bedded limestones, with 
inter-bedded micaceous shales 60 ft. 

( F ossils were collected from 
the up per part and from the 
lowest beds) 

Flathead Formatz"ott 205 ft .. 
4. Greenish and pur.plish m1caceous 

shale 75 ft. 
3. Red and green quartzose sand-

stones, the grains well rounded 30 ft. 
2. Quartzite and sandstone, cross

bedded and containing well round-
ed pebbles of gneiss l 00 ft. 

Hiatus and Unconformity 
Archæan Gneiss 

In the original sections, beds 2 to 13 are included in 
the Flathead formation. Since that time the Grosventre 
formation has been separated and I have drawn the line 
at the base of the lowest limestone No. 5 .  The conglo
merate near the middle of Bed l 3, and the one at the 
top of Bed 14 dcmand more consideration than they have 
received. 

The one in Bed 13 is perhaps less significant and 
may represent mud-balls in a shallow-water lime-sand. But 
the one terminating Bed 14, with rounded pebbles of shale 
and sandstone in matrix of slightly argillaceous sandstone, 
indicates a disconformity, the magnitude of which however 
is undetermined. If any part of the Gallatin limestone is 
to be considered of Upper Cambrian age, as is indicated 
in the correlation charts of the U. S. G. S. where the lower 
part of this limes tone is ref erred to the Middle and the 
upper to the Upper Cambrian in the Yellowstone section, 
the dividing line nltlst most certainly be dravm at this 
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conglomerate . The validity of the division must however 
be te&ted by palæontological evidence. 

B. The Soda-butte Creek Secti01z. 

This comprises the f ollowing divisions. 

Super formation J eff er son limes tone (Devon i an) 

Hiaftts and Disconformity 

-Gallatin limestone ( Perhaps in part Grosventre) 840 ft. 
7. Beds not exposed 50 ft. 
6. Thinly-bedded limestone with tri-

lobites 50 ft. 
5 .  Thinly-bedded limestone and limes

tone conglomerates carrying abund
ant f ossils near the top. The 
limestones are glauconitic thinly
bedded and weather with a yellow 
surface, often studded with fossils 
in relief 190 ft 

4. Thinly- bedded limestone, with 
much intraformational limestone 
conglomerate, form ed of very thin 
and flat beach pebbles. Trilobi
tes and a few shells occur at 
the summit 450 ft. 

3. Massive, dark-coloured limestone, 
cliff-forming l 00 ft. 

Flathead (and'? Grosventre) formation ( exposed) 400 ft. 
2. Black ooli tie limes tone, full of 

dark glauconitic grains and with 
trilobite remains. l 00 ft. + 

l . Soft, laminated shales 300 ft. 
Lower beds not exposed. 
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Tab!e C. Flathead and Grosventre 
Fauna of the Flathead and Grosventrei---------,---

F01'matio?ts of the Yellowstone 

Region. 

Spongidæ 
Hagztz"a sphaerica vValcott 

Brachiopoda 
Lingulepis acuminatus meeki Wal

cott 
Iphidea . Ulficromitra) sczelptilis 

(Meek) 
Iphidea sp, 
Ac1·otreta gemma Billings 

Gastropoda etc. 
7.·Ptatyceras pr imordialis Hall 
* Hyolithes primordialis Hall 

Trilobita 
Agnostus bidms Meek 
AgnostuJ z·nterstrictus White 
Agnostus tumidosus Hall & Whitf. 
Ptychoparia penfieldi Walcott 
Pt)'choparia antiquata (Salter) 
Ptyclzopm·ia sp. 1 
Ptyclzoparia sp. 2 

*Crepicephalus texamts (Shumard) 
':'Lonc!zocephaltts lzamulus Owen? 
* Lonc!tocep!talus wisconsensis (Owen) 
-:'Ptyc!topar ia? diademata (Hall) 

Ariontllzts sp. 
Solmopleztra? weedi Walcott 
Zacant!wides sp. 
Bathyzeriscus? sp. 
Liostracus parvus \Valcott 

Soda 
Butte 

X 

X 
X 

X 

X 
X 
X 
X 
X 

X 

l Other 

I
Crowf oot S t• 
l 

13 

5 
5 

X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

ec 1ons 

X 
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Walcott in this Yellowstone monograph, divides the· 
whole series into an upper part (Upper Cambrian) from 
which he lists l O species and a Middle and Lower part 
which together contain 21 species and represent Middle 
Cambrian . Acrotreta gemma is the only form common 
between the two. The species obtained from the 2 lower 
.divisions are listed in Table C. 

Walcott calls attention to the fact that this fauna is 
more intimately related to that of the Black Hills and the 
Upper Mississippi Valley in Wisconsin and Minnesota, than 
to the Middle Cambrian fauna of Nevada or British 
Columbia. The species in common with the Upper Miss
issippi Valley are preceded by an asterisk. 

The upper division also carries a fauna related in its 
brachiopods to the Mississippi Basin fauna. Walcott lists 
the following. 

Table D. Gallatin Limestone 
Fauna of the Ga/latin Limestmze 

of the Yellozvstone Soda l Other 
Region. Butte Crowfoot sections 

l 
Brachiopoda 

Lingulella deszderata Walcott - X -
Dicellomus namts (Meek & Hayden) - 18 -

* Billingsella coloradomsis (Shum'd) - X -
* Eoort!zis rmmicha (\Vinchell) - 14 
*Otusia sandbergeri (Winchell) - - X 

Acrotreta gemma Billings - 18 -
Trilobita 

Ptychoparia a/finis vValcott - - X 

Ptyt!zoparia llanomsis Walc. - -
i 

X 

Ptychoparia sp. - X 

l 
-

Ari(mcllus Ievis Walcott - X -
! 
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The species in common with the Mississippi Valley 
:tre marked by an asterisk as before. The figures in the 
colums refer to the number of the bed as given in the 
preceding discussion. An x means that i t  occurs in that 
<:livision without definite determination , of exact horizon. 

Sec#on XXXIII. The Gra1zd Canyon Section 

The sect:ion exposed in the Grand Canyon of the 
Colorado River in northern Arizona lies about 600 miles 
in a straight line somewhat west of south of Landor, 
Wyoming, or 4 0 0  miles due south from Salt Lake City. 
In its general character however, the section cotresponds 
more to the former, in that it represents the over-lapping 
of the strata on the margin of the old Palæo-Cordilleran 
geosyncline. The general succession here is as follows. l  

SuPERFORMATION Redwall lz"mestone ( Mississippian) 
or Temple Butte limestone ( Devonian) 

Great discO?iformity and IIiatus. 

CAMBRIAN. Tonto Group 
UPPER Cambrian ( may also be Middle Cambrian ) 

Muav limes tone. about l 0 0  ft. 
Thin-bedded, bluish-gray, fossiliferous

l imestone, with interbedded lenses of buff 
and green shale. The · thickness in other 
sections ranges up to 650 ft. 

MIDDLE CAMBRIAN 
Bright Angel shale 4 50- 650 ft. 

Greenish gray, sandy often fossilifer
ous shale, with occasional bands of sand
stone. 

1 H. E. Gregory, Guide book 18, 16th Int. Geol. Congress 1933, 

p. 1 1  and table. The thicknesses are averages. 
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Tapeats sandstone 
Heavy-bedded, resistant, cliff-forming 

sandstone often pebbly anå becoming a 
slabby quartzitic grit. In other sections 
i t  ranges up to 350  ft. 

Hr:atus and Unconformity 

225 ft. 

SuBFORMATION Sinian . ( Unkar Beds) or Archæn Vishnu 
schists. 
A more detailed section in the Shinumo region, be

tween Point Sublime and Powell Plateau, north side of the 
Canyon is as followsl 

Section of the Tonto Group z"n the Shinumo Reg-ion. 

Muav Limestone 493 ft. 
9 .  Dolomite, huff massive, cliff-

forming 63 ft. 
8 .  Calcareous sandstone, fine

grained huff massive at top, 
platy below 72 ft. 

7.  Limestone, thin-bedded, mott
led, with thin members of 
in traf orma tional conglomerate, 
platy, micaceous and calcareous 
sandstone or shale 24 1  ft. 

G. Limestone, thin-bedded, gray 
to huff, mottled, partings of 
grcen ish sandy shale near 
base 9 7  ft. 

1 L. F. Noble , A section of the Palæozoic formations of the 
Grand Canyon at the Bass trail.  U. S. Geol. Surv. Professional 

paper 1 31 ,  p. 26, pls. XIX, XXI; condensed by Darton in «A 
Resum6 of Arizona Geology" p. 40. 
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Bright Angel shalc 391 ft. 
5. Shale and thin-bedded sand-

stone, greenish and buff, with 
beds of intercalated 1m pure 
mottled limes tone an d snuff 
coloured dolomi te at base 58ft. 

4. Shale and sandstone, thin-
bedded greenish and buff, 
micaceous, 2 be ds of snu ff 
coloured dolomi te and sand-
stone in middJe portion 333 ft. 

Tapeats sandstone 328 ft. 
3. Sandstone, cross-bedded, white 35ft . 
2. Sandstone, chocolate with 

shaly partings 43ft. 
l. Sands tone, chocolate, cross-

bedded mostly hard and 
massive uo � to 250 ft. 

Hiatus a1td Unco11,formity 

Pre- Cambrian. 
It thus appears that the Tapeats standstone is primar

ily to be considered a continental formation, the marine 
series beginning with the Bright Angel shale. 

There has been some oscillation of opinion regarding 
the age of these formations, though now they are most 

generally called Upper Cambrian. Walcott, however, in his 
monograph on the Brachiopoda, places at least the Tapeats 
and a part if not the 'vhole of the Bright Angel shale, 
into the Middle Cambrian and from our present point of 
view, this appears to be a more satisfactory classification. 

From a horizon about �00 ft. above the base of the 
Tonto group, that is apparently i n  the lower part of the 
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Bright Angel shale, at the head of the Nonk.oweap Valley� 
he eites the following speeies. (Loeality 74). 

l. Micromitra pealei (Walcott) 
2. Paterina crem"stria (Walcott) 
3. Pater-ina superba ( Walcott ) 
4. Ipkidella panmt!a (White ) 
5. O bolus zetus ( Walcott) 
6. Westonia chuarensz·s (Walcott) 
7. Westonz·a euglyphus (\Valcott ) 
8. Lingnlella lineolata (Walcott) 
9. Lz"ngulella perattenuata (Whitfield) 

l O. Billz"ngsella obscu1�a Walcott 
and the trilobites 

l. Alokz"stocare althea Walcott 
2. Dolz"chometopus ( Anoria) tmtfoensis (Walc.) 

From a sandstone l 000 ft. above the base of the 
Tonto group in Nonkoweap Valley, whieh he also refers 
to the Middle Cambrian, he e ites, (Loe. 74 b) 6 Westom·a. 
chuarensz"s Walcott 

No. 6 and the trilobites l & 2 of the above list, are 
again eited from loeality 7 4 e. Middle Cambrian, Bright 
Angel Shale about 100 to 120 feet above Loe. 74 or 
l 00 feet above the Tapeats sandstone on the west side of 
Cameron Trail in the Grand Canyon. With these oeeur 
3. Dolichometopus p1�oductus (Hall and Whitfield) and 
Eocystitesf sp and Hyolz"thes sp. ( Walcott Ill p 374 ) · 

From Loeality 7 4 d, Middle Cambrian sandstone beds 
in the Tonto shale, just above massive sandstone near the 
mouth of Bass Canyon, on the south side of the Grand 
Canyon, southeast of Powell' s  plateau, he eites Nos. 3, 4, 
8, and 9, of the preeeding list and in addition. 

11. Lz"ngzt!epis spatula Walcott. This horizon ts 
probably also in the Bright Angel shale . 
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From several other localities in the "Tonto Group" 
of the Grand Canyon, he cites one or more of the above 
listed species. These include his localities 73, 73a and 
73b. 

On the other hand he refers to the Upper Cambrian, 
his locality 75. "Thin-bedded limestone below the base 
of the Ordovician, in the Tonto Group, near the water's 
edge at the mouth of Kanab Canyon, Grand Canyon of 
the Colorado." 

This "Ordovician" limestone, is probably the Muav, 
since no Ordovician or Silurian strata are known from the 
Grand Canyon. The species listed by him from this hori
zon (Loe 75) are--

5. Obolus zet us ( already listed from the lower 
beds ) and in addition 

12. Lingulellrt wz·nona cmzvexa vValcott 

l :3. Nz:susia? ( J amesella?) kanabcnsz·s vValcott 

1 4. Protorthis sp. 

Walcott says that the last two ( 1 i3 and 1 4) 
may not occur in the same bed. 

From sancly· l imestone, also referred to the Middle 
Cambrian and 235 ft. above the "Tonto" sandstone, Grand 
View Trail, north of "Last Chance" Copper mine, south 
side of the Grand Canyon, Wa..Icott cites. No. 8, Lingzt
lella lineata of the preceding l ist and in addition: 

15. Westom:a themis 

16. Lingulella acutangul{r. 

Few trilobites have been described from these beds, 
those recorded are: ( t = Tapeats ; b: Bright Angel ; m = 
Muav.) 
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l. A!okistocare a/thea ( b ) Walcott 

2. A norz.·a tontoensis C W alcott) ( t and b ) C also in 
Nonkoweap formation ) .  

3. Dolz"chometopus prodztctus b, widespread Middle Cam
brian species. This species is cited by Walcott (Ill, p 371) 
from Loe. 74e, in Bright Angel shale 100 feet above the Ta
peats sandstone on Cameron trail, south side of the Grand 
Canyon. 

So far as it is possible to determine from these lists, 
there is really nothing that prevents o ur reference of these 
beds to the Middle Cambrian. At least 4 of the species 
of brachiopods have also been reported from other Middle 
Cambrian horizons and none of them from undoubted 
Upper Cambrian. Of the trilobites the genus Dolichome
topus ( including Anoria) is confined to Middle Cambrian 
beds and the identification of D. productus from the Bright 
Angel shale shows that at least the Tapeats and Bright 
Angel are to be placed in the Middle Cambrian, since the 
higher of the two divisions contains the most typical of the 
Middle Cambrian trilobites. Whether the Muav limestone 
should also be referred to the Middle, or repr·esents Upper 
Cambrian is a question which for the present cannot be 
answered, since too little is known of the fauna of this 
limestonc and some of the species recorded at least, also 
occur in the lower horizon. It is not impossible that this 
limestone is compound and that somewhere within it  exists 
a disconformity, separating the Micldle from the Upper 
Cambrian. 

Section XXXIV Bisbee Arizona 

This is located in the southeastern part of the state 
near the Mexican border and lies about 350 miles, S.S.E. 
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of the Grand Canyon section. The succession here is as 

follows in descending order.l 

SuPERFORMATION Devonian. Martin limestone. 

Hiatzts and Disconformity 

CAMBRIAN 
Abrigo limestone 770 ft. 

Slabby-bedded limestones, with thin in ter
bedded layers of chert. At the top is white 
quartzite about 8 ft. thick, into which the lime
stone grades. The upper member of the 
limestone is rather soft, sandy, thin-bedded and 
gray, with one bed of barder gray limestone 
about 40 ft . below the top. 
Bolsa quartzite 430 ft. 

Silicified sandstone, with a thin bed of basal con-
glomerate, 6 inches to l O ft . thick lying upon the pre
Cambrian schists. The pebbles of this conglomerate consist 
of. white vein-quartz and are from � inch to 2 inches 
in diameter. Next above it i s  coarse sandstone with pebbly 
streaks . The middle and upper members are thin-bedded 
finer-grained quartzites, which are overlain by the Abrzgo 
lz"mestone with apparent conformity. The formation is 
unfossiliferous and apparently corresponds to the Tapeats 
sandstone. 

150 miles to the north in the Clifton-Morenci Dis
trict, the basal formation is known as the Coronado qttart
z#e. This consists chiefly of heavy beds of quartzitic 
sandstone of brown pink or maroon tints and locally con
glomeratic at the base. It varies in thickness from l 00 
to 2 50 ft. 

l Darton Geology of Arizona pp. 45-47 
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The Coronado probably eorresponds to the upper BoTsa 
and perhaps the early Abrigo. From argillaeeous shale 50 
ft. above the Coronado quartzite 1.5 miles N. E. of 
Morenci, Walcott reports Lingulella lingulata. From 
silieeous limestone on Ash Creek in Pinal County Arizona, 
( Loe. 358a) Waleott reports Lingulella pogonipm.sis? and 
Dz"cellomus politus. and from limestone on the S. W. side 
of Eseabrosa Ridge, 4.5 miles W. S. \V. of Bisbee (Loe 
:358 b) he reports Obolus zetus, referring it to Middle 
Cambrian. 

Finally, from Middle Cambrian beds, about 400 ft. 
above the bettom of Tombstone Gulch, . in the Abrigo 
limestorie, in the N. \V. suburb' of Bisbee 

·
walcott eites 

(Loe 14x) 
Obolus tetonensis 

Bz"llz"ngsella? sp. 

Eastward in New MexiCo the Cambrian beds die away 
only to reappear again in Eastern Texas. In Eastern New 
Mexico, the Bliss sandstone varying from O to 300 ft. in 
thiekness , is referred to the Upper Cambrian. It rests 
uneonformably on· the pre-Cambrian sehist and gneiss and 
is overlain by the Lower Ordovieian El Paso Iimestone 
500-1000 ft. thiek. It is, possible that these are separat
ed by a diseonformity but it is also apparent that no 
Middle Cambrian b.eds were deposited in this. region, or if 
they were desposited, th ey were removed again hy early 
Palæozoie erosion. Sinee the 

-
Middle Cambrian reappears 

in eentr�l Texas, but this time as a.' transgression from 
the Southern Appalachian geosyncline, it is evident that a 

land mass, the remnant of the then largely submerged 
Mississippia extended northward from Mexico, probably to 
Wyoming, where the Deadwood Straits conneeted the 



::\HDDLE CAMBRIAN OR ALBERTAN PULSATION 315 

Appalachian extension with the Palæo-Cordilleran trough. 
(See Map, Fig. 15, and Plate Il). 

Sec#on XXXII. The Bristol I-Ii!l Sectimz (fron 

l11"ountai1z) near Cadiz, Calzfonzia . 

This section has already been described on page 71 
(IV-I p. 97) It is the oniy other section of these strata 
at present known, but i t  suggests former continuity with 
the southern sea or that portion of it which has been 
named Crepicephalus Bay and which furnished some of the 
important trilobites of this fauna. 

The Middle Cambrian rests disconformably upon the 
Lower, but is represented by only 120 ft. of dark shales, 
from which, 1 2  feet above the base, have been obtained 
two characteristic Middle Cambrian trilobites. 

Dolz"chometopus productus ( Hall · & Whitfield) 
Dolichometopus? lodensz"s (Clark ) 
A gre�t hiatus separates the Middle Cambrian fro:n 

the next overlying Mississippian beds and there can be 
little doubt that a very large amount of erosion of the 
older Palæozoic beds affected this region in pre-Mississip
pian Time. 

The Upper Bozmdary of the Middle Cambrz.,m 

in the Pa!æo-Cordilleran regimz. 

lf the Middle Cambrian presents an independent 
pulsation , we should expect it  to be marked off by a pro
nounced d isconformity, not only from the preceding Lower 
Cambrian but also from the succeeding Upper Cambrian or 
Cambrovician. The lower disconformity is, I believe, well 
established for the Palæo-Cordilleran geosyncline, as it is 
for the others. For, although the physical disconformity 
has not everywhere been recognized, the abrupt faunal 
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change as well as the variation within small areal limits 
in the thicknesses of the beds on either side of the dis
conformity, leaves little doubt of its reality. 

As we have seen the disconformity and hiatus separ
ating the Middle from the Upper Cambrian is well charac
terized in the Canadian portion of the Palæo-Cordilleran 
geosyncline, from Robson Peak, the northernmost section 
studied, to Castle Mountain, the southernmost section in 
which this contact is exposed. Everywhere the continental 
Arctomys formatiott, with its ripple marks, cross-bedding 
and salt crystals, separates the two series, and in same of 
the more northerly sections the entire Eldon formation of 
limestones, over 2700 ft. in thickness, is cut out by this 
disconformity. ( Text-Fig. 5. ante p. 2 50 ( 446)) 

The Montana sections are less satisfactory because 
too little is known of the faunas of the higher beds, nor 
has there been any recognition of the physical relations of 
the different divisions so far as I have been able to find. 
There is great variation in thickness of the beds referable 
to the Middle Cambrian, but a part of this may be due 
to lateral variation in facies. The basal Flathead sand
stone, which everywhere rests disconformably upon the 
Sinian or unconformably upon older beds, varies not only 
greatly in thickness, from 640 ft. east of Helena to 65 
ft. in the Big Snowy Mountains, but is conceivably not of 
the same age everywhere. The same thing is probably 
true of the other members, though the variation in the 
thickness of the Wolsey shale from 150 ft. in the Little 
Belt Mountains to 7 50 ft . 60 miles east in the Big Snowy 
Mountain, may indicate a collateral variation representing 
replacing overlap of lithologic units. It is probable that 
the greater part of the series is referable to the Middle 
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Cambrian, certainly up to and including the Dry Creek 
shale. In the Gordon Mountain section, where the Flathead 
and immediately overlying Gordon formation contain the 
Albertella fauna, the Dry Creek shale lies approximately 
1200 ft. above the base, and carries Asapkz"scus cf. wheelerz·, 
Micromz"tra sp, Ilyolz"thes sp, and Ptychoparz"a sp. The 
overlying Yogo limestone 835 ft. thick, is characterized by 
aonelid borings and trails at several horizons and may re
present the retreatal phase of the Middle Cambrian or else 
the shallow water transgressing phase of the Upper Cam
brian. The latter is suggested by the presence in this 
limestone of Obolus dz"scoideus Hall & Whitfield, a species 
elsewhere recorded only from typical Upper Cambrian for
mations i.e. the St. Charles and Dunderberg, and from the 
Garden City and Mons Formation, referred to the Ozarkian. 
(Late Upper Cambrian ) .  

In southeastern Idaho and northern Utah, the terminal 
disconformity of the Middle Cambrian is weU-marked. For 
here the Nounan li�estone, the highest Middle Cambrian, 
which in the vicinity of Bear Lake has a thickness of 9 50 
ft. and in Blacksmith Fork Canyon of l 041 ft. is discon
formably succeeded by the basal Worm Creek sandstone of 
the St. Charles formation. This is a massive gray quart
zite 300 ft. thick in the Bear Lake region and 1 6G ft. 
thick in the Blacksmith Fork Section. 

In the latter section , it carries Obolus discoideus, O. 
( Fordinia) bellulus, Acrotreta ·idahoensz"s alta and Billz"ng
sella coloradoensis in the upper 20 ft., and Lingulepis 
acuminata near the base. It is succeeded by about l 060 
ft. of typical St. Charles limestone. In the Bear Lake 
region, the total thickness of the St. Charles, including the 
\Vorm Creek basal qnartzite, varies from less than 500 to 
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1300 ft. in thickness. Not only then is the physical break 
-well indicated, but the f aunal break is equally abrupt. 

Farther to the northeast, in the Yellowstone, Landor 
-and Big Horn sections, the contact again blccomes obscured. 
For though the Grosventre and underlying so"called Flathead 
,are ref erable to the Middle Cambrian, the age of the 
Gallatin limestone is more questionable. In some sections· 
the whole of it may be of Middle Cambrian age, but in 
the Yellowstone there seems to be a disconformity and 
hiatus between the lower and upper portions as described in 
the section . The lower portion is still referable to the 
Middle Cambrian, whi le the upper part may be referable 
to Upper Cambrian. 

The possibility of the break in the Deadwood Series, 
above the horizon of the Crepicephalus zone has already 
been suggested. 

Neither in Nevada nor Southem Utah, has a discon
formity between the Middle and Upper Cambrian been 
·Cstablished, but it must be remembered that most of these 
sections have on ly been studied in a cursory way. The 
·exception to this is the House Rlnge in southwestem Utah 
and here we are confronted by a real difficulty. It is true 
that so far as the record goes, the different division especi
.ally in the upper part of the section , are not in dose con
tact, . but the section is a composite one, erected in to a unit 
'by tracing the lines of divi sion along the strike. Thus the 
summit of the Orr formation is located by tracing the 
section along the strike of the exposed strata 2 miles east 
from where the Notch Peak section was made, to the west 

side of Orr Ridge, while the Week's Formation is typic
.ally exposed at Week's Canyon ,  w'here it is over1ain by the 
massive limestone of the Orr. Former1y Walcott dr-ew the 
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M iddle-Upper Cambrian boundary line between the vVeeks 
and the Orr, but more recently he has included the \Veeks 
in the Upper Cambrian, drawing the line between it and 
the underlying Marjum Formation . 

So far as we can judge from the descriptions of the 
characters of the formations along the lines of contact, be
tween the successive divisions there appears no discon
formity within the entire section and we are Ieft to judge 
entirely by the fauna. There can be little doubt that the 
W eeks and Orr f ormations belong together , and to which
ever horizon one i s  referred, the other must follow. As 
will be seen from Table VI, the faunas of these two forma
tions are markedly distinct from those in higher divisions. 
Among the trilobites not a single species of these forma
tions ranges into the Upper Caml:rian, though for that 
matter, few of the species are known from other horizons. 
Only Alloristoca1·e li1marssoni Walcott occurs in the Orr 
and the Secret Canyon shale. On the other hand there are 
a number of species that show generic affinities with the 
Middle Cambrian. Tims the genus Acrocephalites has one 
species in the Weeks and 3 in the Middle Cambrian else
where, though two of these are questioned generically. The 
genus Asaphz"scus typically developed in the M iddle Cam
brian of this geosyncline has 4 species in the \Veeks, but 

·none in the Upper Cambrian. The genus D'ejicephalus 
typical of the Middle Cambrian as here defined, has two 
species, C corz·a and C. dis, both present in the Weeks 
and Orr. These were originally referred to the well-known 
Crepicephalzts texanus, characteristic of the Middle Cam
brian, ( in our sense) of the southern Appalachians . 

The genus Housia on the other hand, has one. species 
H. vm'ro in the Orr and one H. ca?zade11.sis in the Goodsir 
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( Cambrovician ) limestone of \Vestern Canada but though 
referred to the s:w1e genus, they are rather markedly dis
tinet, and the Orr species was formerly referred to the 
typical Middle Cambrian genus Dolichometopus, while the 
Goodsir species was originally described as a Ceratopyge. 

The genus Lonchocephalus, is represented by 2 species 
in the Weeks, and by one in the Grosventre limestone of 
the Yellowstone. None are recorded from the typ ical Upper 
Cambrian of this region. At least one species occurs in 
the Conasauga and Maryville of the southern Appalachians 
and 4 in the formations of the Upper Mississippi Valley 
here referred to the Middle Cambrian, including the Lower 
Deadwood. Only one species has been recorded from the 
Potsdam of New V ork. The genus Mzllardia has one 
species, M simile in the W eeks, one in the Eauclaire, 
referred to the Middle Cambrian, and one in the Kittatinny. 
None occur in the undoubted Upper Cambrian of the 
Palæo-Cordilleran geosyncline. Norwoodia is another isolated 
genus in the Weeks, but 4 species are known from the 
Conasauga and the Nolichucky of the Southern Appalachians 
and the genus appears to be well represented in the lower 
part of the Bonneterre formation of Missouril a horizon 
here referred to the Middle Cambrian. 

The brachiopods tell a somewhat more convincing 
story. P aterina crenistria of the Orr also occurs in the 
Secret Canyon and Bright Angel shales, both of which are 
here regarded as Middle Cambrian. Obolus mcconne!H peleus 
also represented in the Orr, is characteristic of the Middle 
Cambrian of the Palæo-Cordilleran geosycline but unknown 
in typical Upper Cambrian faunas of that region. 

1 Christina Lochman. Loe. cit. 
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Obo/us rolundatus, another Orr species is elsewhere 
known only in this  region from typical Middle Cambrian. 
Fordinia per .fectus of the Weeks, belongs to a genus 
equally distributed among the Middle and Upper Cambrian. 
The species also occurs in the Marjum formation ( Middle 
Cambrian ) . Westonia notchensis i s  only reported from 
the Orr. The genus however, ranges thoughout the Cam
brian. Ling-ulella desiderata, another species of the Orr, 
is widespread in the Middle Cambrian throughout this 
region, but also occurs in the Upper Cambrian, St. Charles 
and Dunderberg Formations. 

Lingulella isse, found in both the Weeks and Orr, 
also occurs in the Eldon and Langston Middle Cambrian, 
but extends into the Notch Peak and occurs in the St. 
Charles. Ling-ulella montz'cula anotl:�er Orr species, is 
doubtfully reported from the Nounan and Bloomington for
mations, but also occurs in the St. Charles, Dunderberg and 
Pogonip formations. This is one of the species, suggestive 
of the Upper Cambrian age of this formation. Linnars
sonella is represented by 3 species in the Orr, one of 
which L. tmnesseensz's occurs in the basal Middle Cambrian 
(Upper Rome) of Tennessee. The other two are restricted 
to it. The genus however ranges into the Upper Cambrian. 
Acrothele ballatula of the Weeks, also occurs in the Mar
jum of the same section . Acrothele idahoensis of the 
Orr, is another dominantly Cam brovician spee i es, occurring 
in the St. Charles, the Dunderberg and the Pogonip. It 
has however, also been recorded from the Ute, near the 

. base of the Middle Cambrian. Acrothele ·idahoensis sulcata 
another Orr species, occurs in the St. Charles, but in the 
Langston and Spence of the Middle Cambrian as well. 
Acrothele ophe'rensis of the Weeks is a typical Middle Cam-
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brian species, while A. ophirensis descendens is on ly known 
from the Weeks. 

This comprises the recorded spee i es of this forma
tion and it will be seen that only one is an Upper Cam
brian form, but it is also recorded from the Middle Cam
brian . The others that occur also in the Upper Cambrian 
have a wide range, but otherwise the species of these 
two formations are either restricted to them or occur in 
the unquestioned Middle Cambrian.  

There is thus nothing to forbid the reference of these 
two formations to the Middle Cambrian . Indeed, what 
basis for palæontological correlation there is, points to the 
Middle Ca�brian . It would be desirable to have further 
field work carried on for the purpose of obtaining cvidence 
of a physical break in this section. 

The correlation of the Grand Canyon and Bisbee sec
tions, must also be tentative for lack of conclusive evidence. 
That the Tapeats sandstone and Bright-Angel shale, are 
referable to the Middle Cambrian , is clearly indicated by 
their faunas which are listed in Table VI. All the tril
obites recorded from them are of Middle Cambrian type, 
and the brachiopods when known elsewhere, also point to 
the Middle Cambrian, none being recorded from typical 
Upper Cambrian, the Orr formation excepted, which how
ever has only Paterina crenistt-ia in common with it, a 

spee i es also f ound in the Secret Canyon shale. The Muav 
limestone, is less certain, Saukiella pepz.nensz·s (Owen )  has 
been reported from it and from the Lodi and from the 
overlying "Gordon" sandstone of the Upper Mississippi 
Valley, these last two being referred to the Upper Cam
brian. On the other hand, the brachiopods are generally 
found in the preceding two formations or are else restricted 
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to it, but they all helong to genera, which· have other re

presentatives in the Middle Cambrian. 
The Abrigo limestone of the Bisbee District is equally 

uncertain. Crepicephalus texanus, typical of the Appala
chian region and occurring in the Grosventre of the 
Yellowstone, has also been recorded from this formation. 
The few brachiopods known from it are also species found 
in the Tonto Group of the Grand Canyon. Since the Bolsa 
grades into the Abrigo and the Bright Angel appears to 
be continuous with the Muav, and since no disconformity 
is recorded from the interior of these limestones, it would 
appear that both are also teferable to the Middle Cam
brian and that the great disconformity at the top, cuts out 
entirely the Upper Cambrian, as it does in the southern 
Californ ia section nearly 300 miles west of the Grand 
Canyon Section. 

Altogether then, where the evidence is available, it 
shows a disconformity and a hiatus at the top of the 
Middle Cambrian , together with a complete or nearly com
plete change of fauna between it and the superjacent Upper 
Cambrian. The evidence is so strong and so widely dis
tributed, that there' can exist no reasonable doubt that the 
Middle Cambrian is a pulsation unit, representing transgres
sion from the north as well as the south and a retreat 
towards the end of the period in the same directions. 

The definitely recorded species from the Middle Cam
brian of the Palæo-Cordilleran geosyncline so far as avail
able are given in Table VI. 

THE MIDDLE CAJUBRIA!·l OF THE 

ANDEAN GEOSYNCLINE 

Cambrian and Ordovician strata form a large part of 
the older Palæozoic rocks of the eastern ranges of the 
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Andes in South America. They are known to occur in 
Peru as far north as Huanuco, ( approxim..-:ttely latitude l 0° 
S. ) . From here they extend southward through Bolivia into 
central Argentine ( South of 30° S. Lat. ) although the 
region between Lake Titicaca and Tarma ( 11 o 20' S.) is 
still practically unexplored, so far as its Palæozoic stratig
raphy is concerned. 

Ordovician beds are most widely recognized over this 
area of 20° latitude but Cambrian beds have only been 
found in a few localities, especially along the border line 
between Bolivia and Argentine. The outcrops of the Cam
brian generally appear beneath the Orclovician in broad 
eroded anticlines.l In the region between Tarija and the 
Rio San Juan, ( vicinity of Longitude 65° W, and Latitude 
22° S.) in southern Bolivia, the lower beds exposed in 
these anticlines are sandstones and quartzites, often reddish, 
but usually gray an d frequently ripple-marked. They contain 
no fossils and their thickness is unknown, since the base 
of the series is not exposed. These beds are succeeded 
by very fossiliferous micaceous sandstones, the thickness of 
which is not given . These have· furnished a few species 
on the basis of which they are referred to a Middle Cam
brian age. Those described by Hoek comprise: 

Crepicephalus cf argenthzzts (Kayscr) 
Arionellus sp. 
Liostracus sp. 
Ch01zocephalites cf. striatus Emm. 

1 Steinman G. and Hoek. H. Da� Silur und Cambrium des Hoch
landes von Bolivia und ihre Fauna. Beitråge zur Geologie und 
Paliiontologie von Si.idamerika XVIII, Neues Jahrbuch fur 
Mineralogie Geologie und · Paliiontolbgie. Beilage-Band XXXIV. 
1912, pp. 17&..252; plates VIl-XIV.· 
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Essentially the same fauna had previously b�en des
-{;ribed by Kayser from the mater ial obtained from the 
northern Argentine.l 

These together with the spectes described in 189 7, 
comprise the following. 

Brachiopoda 
Obolzts sp. 
Littgu!ella darvisii M'Coy 
Lingulella ferrztginea Salter 
Orusia lenticu!aris (Wahlenberg) 2 

Eoorthz"s saltensis (Kayser)� 
'Trilobites 

Ag1zostus iruye1zsz's Kayser 
Agnostus tilcuyensis Kayser 
Agnostus sp. Kayser 
Arionellus lormtzi Kayser 
Arz.onellus hyerom'mz· Kayser 
Liostracus stez'nmanni Kayser 
Liostracus zt!richi Kayser 
Crepicephalus ar gentz'mts (Ka y ser) 

Hyolithids 
Hyolithes sp. 

1 E. Kayser, Ueber primordiale und untersilurische Fossilien a1,1s 

der Argentini-schen Rcpublik. Palæantographica. Supplep1ent 
Ill 1878. 
E. Kayser. Beitriige zur Kenntniss einiger palæozoischer Faunen 
Sud-Amerikas. Zeitschrift d. deutsch, geologischen Ge�ellschaft 
Bd. XLIX, 1897 pp 274-317 pls VII-XII (Camb.-Ord.-Dev.) 
See also Walcott C. Monograph of the Camb-rian Bra'Chiopoda. 
p. 122 for genei·ic revision. 

2 Described under Ort/ds 
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Originally these faunas were referred to the Upper 
Cambrian because of the supposecl presence of Olenus 
argentimts. This species was subsequently recognized as 
more closely related to Crepicephalus, to which genus it has 
since been ref er red. 

"If this supposition is well foundecl" says Kayser, 
••the principal reason why I referrecl the Argentinian Cam
brian to the Olenus stage would clisappear, because the 
doubtfully identified Orthis lenticularis cannot be of much 
weight, and of the other forms of the fauna, the species 
of Arioml!us point to the lower rather than to the higher 
horizon."l Steinmann and Hoek came to the same con
clusion regarding the age of this fauna, Discussing the 
similar forms found in Bolivia they say "Our fossil finds 
support the opinion of Kayser in respect to the Middle 
Cambrian age of the fossiliferous strata. (Loe. cit. p. 
185) 

These Middle Cambrian beds are clisconformably suc
ceeded either by later Cambrian or by the Dictyonema beds 
of the Cambrovician. The latter with their surfaces thickly 
covered with D. murrayi Hall and D. i1"regu!are Hall,. 
(both species founcl in the corresponding beds of Eastern 
North America ) constitute the most usual superformation 
which covers the Midclle Cambrian strata above referred 
to. But near the Bolivian-Argentinian boundary at Salitre, 
Stein man f ound clay-shales with north-south strikes and 
with intercalatecl 'Jliartzite beds overlying the hard brown 
Middle Cambrian quartzite. These have furnished . 

. Ag1tostus bolivianus Hoek 
Parabolinella andina Hoek 

1 Kayser 1897. p. 306-7. 
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These apparently represent very high Upp er Cambrian 
and it thus appears that the Cambrovician transgression in 
the Andean geosyncline,  reached the Argentine-Bolivian 
boundary towards the close of Upper Cambrian time. 

MIDDLE CAli�BRIAN OF THE CALEDONIA1V 

GEOSYNCLINE 

This comprises the historie regions of the Middle 
Cambrian deposits, for almost without exception it is in 
this geosyncline that all the Middle Cambrian format ions 
of Europe have their location . Some of them are actual 

_geosynclinal deposits, but the great maj ority of them are 
marginal overlaps. 

It is these marginal overlapping portions, which pre
sent the astounding facts that crowded into an almost in
fini tessimal vertical interval, there are a number of distinct 
palæontological zones. Thus in the famous Bornholm se ction, 
where the entire M iddle Cambrian is only 4 meters thick 
we have 4 distinct zones and at least one or two additional 
sub-zones.  Nowhere in Europe or America, where deposits 
of this geosyncline are known, is there anything comparab1 e 
to the great development of the M i ddle Cambrian whi ch 
·is so striking a feature of the Palæo- Cordilleran geosyncline 
or e ven that f ound i n  the Southern Appalachians. \Vhether 
this has any relation to the relative position of these 
·geosynclines, with reference to the pole and equator, might 
be a matter for speculation, and certainly when we consider 
the assumed position of the poles in the Palæo-geographic 
map of this period which is here given, it is evident that 
the deposi ts of this  ge osyncline come nearer perhaps, than 

. -those of any other to the assumed polar r egion of the 
period, though the source of the faunas like that of the 
·other geosynclines li es within the equatorial belt. (Pla�e Il) 
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Be that as it may, the fact remains that in the West
European deposits, we have the best known sections of the 
M iddle Cambrian, as well as those that have given us our 
most detailed knowledge of that part at least of our 
M iddle Cambrian fauna. 

So far as the M iddle Cambrian deposits of the Cale
donian geosyncline are known , the most distal deposits 
recognized are those of Eastern Massachussetts on the 
American side and the Spanish and Mediterranean deposits 
on the European. 

But it is j ust these deposits which have been subj ected 
to a great amount of subsequent deformation, so that the 
details of characters and sequence of f ormations have never 
yet been adequately ascertained. W e will theref ore lea ve 
the discussion of these deposits, until we have studied 
those in which the sequence is better known and more 
fully pre served.  These all lie on the we ste rn border of 
the geosyncline and we shall consider them progressively. 
beginning with those of Cape Breton and New Brunswick 
for the older and the Baltic, B r itish and New Foundland 
regions for the higher parts, after which we shall follow 
the known southern border of the geosyncline in reverse 
order.  

In our discussion we shall adopt the f ollowing larger 
divisions for the Middle Cambrian as preserved in th i s.  
geo syn dine. 

Ill .  The Acadianl or Paradoxz'dcs Series 
11. The Hanfordian2 or P1·otolemts Series 
I. The Dugaldian Seri es 

1. Name given by the late Dr. Geo. F. Matthew 
2. N ame given by the late Prof. Gilbert van Ingen 
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There may be a still older series the Myrabayan of Cape 
Breton but from this no f ossils are at present known. 
What is known of the Coldbrookian of Matthew links it 
with the Dugaldian . 

I .  The Dugaldz.an or Older deposz.ts o.f the 
Cape Breton Region 

Cape Breton Island, off the present northern coast of 
Nova Scotia, has furn ished one of the most interesting 
successions, although its exact significance is  not yet fully 
understood. lts importance Iies in the fact, that we have 

· there exposed a succession of formations as yet unknown in 
any of the other sections and apparently underlying the 
n ormal Protolenus C Hanfordian) and Paradoxides C Acadian ) 
series, in unquestion ed concordance . This series originally 
described in detail by Dr. George F. Matthew was by him 
considered as a d istinct system preceding the St. John sys
tem which began wi th the Middle Cambrian Protolenus and 
Paradoxides Bcds, and which at one time was considered 
the oldest fossil iferous Cambr ian Series .  At first Matthew 
considered that he had discovered a pre-Cambr ian fossili
ferous seri es, and he gave to it the name, Etcheminian while 
to a still older, chiefly volcanic group, underlying the Etche
minian, he applied the name Coldbrookian. 

The name Etchemin ian was first applied by Matthew 
to the fossili ferous strata underlying the Protolenus zone 
in Hanford Brook New Brunswick, and these as we have 
already seen, C see ante p . 80 ) ( IV page Io6)  repre
sent a typical Lower Cambr ian horizon, the equivalents 
of wh ich are found in the Manuel 's  Brook and Concep
tion Bay sections of Southe-.astern Newfoundland. ( Avalon 
Peninsula ) and which have furnished a typical Callavia 
fauna. 
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Naturally enough, on finding a f ossiliferous series of 
cssentially similar lithic character below the Paradoxides Becls 
in the Cape. Breton section, Matthew identified i t  as the 
equivalent of the Etcheminian of Hanford Brook and after 
the establi shment of the fact that the Hanforcl Brook Etche
minian was of Lower Cambrian age it was but natura! 
that the apparently equivalent beds of Cape Breton Island 
were considered to be of the same age. We have refer
red to these beds on p age 8 2 ,  (Io8 ) citing Matthew's 
estimate of their thickness at Myra Bay on the east coast, 
as ranging from 3,000 to 52 0 0  ft, and decreasing by 
overlap until at the Bras d'Or Lakes, 2 0  miles farther 
west, they have become reduced to a thickness of only 
f)OO ft. Although, as suggested, there may be a discon
formity between these "Etcheminian" and the overlying Par
adoxides beds, the decrease in thickness is as stated, 
primarily due to overlap. 

It is in the Bras d 'Or region on Dugald Brook, that 
we have the most detailed section of these beds which has 
been made, and it is from the critical review of the fossils, 
especially the brachiopods by Walcott, that it is now appar
ent that the Dugald Brook Beds or Dugaldian Series have 
li ttle if ar.ything in common, with the Etcheminian of 
Hanford Brook; that indeed they represent a higher horizon 
referable to the basal p art of the Middic Cambrian and 
not to the Lower. This series thus is wedged in bet\veen 
the normal Paradoxides beds as developed in both sections 
and the typical Lower Cambrian Etcheminian with th e 
Ca!lavia fauna. As such it becomes a significant evidence 
for _ the fact, that the Middle Cambrian series is separated 
from the Lower by a pronounced hiatus and that these 
basal M iddle Cambrian beds overlap progressively on the 
older Lower Cambrian or the pre-Cambrian horizons. 
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Since it i s  now evident that the Etcheminian of Du
gald Brook, i s  not the Etcheminian of Hanford Brook, N. 
B . ,  or that of Manuel' s Brook N-F, and since t11e name 
Etcheminian should be retained for these Lower Cambrian 
divisions, we shall use the name Dugaldian for the Dugald 
Brook Ser ies , which overlies the Coldbrookian and precedes 
the Protolenus beds ( Hanfordian of van Ingen ) and the 
Acadian or Paradoxides Becls of Matthew. 

Sectimz at Dttga!d B1'ook, Cape Bretonl 

The succession here in clescencling order is as follows: 
Superfm'matioJZ. Hanforcli an ( Division e l , bl ) Proto!emts 

Becls. 
Dugaldian ( Etcheminian of Matthew ; Fauna 

i n  Table E )2 
Division E3  234  ft . 

E3f, (Faunas 1 3n, and 3 4 4d, 
Col. l 5 of table E) 8 2  ft . 
:3 S iliceous g r a y 

shale 1 0  ft. 
2 Dark-gra y rather 

coarse sha les 32 ft. 
l Dark-gray some-

w h a t siliceous 
flaggy shales 40 ft. 

50 7 ft. 

1 Matthew, George F. Report on the Cambrian Rocks of Cape 

Breton. Geo!. Surv. of Canada 1 903, pp. 21 -25. 
\Valcott Cambrian Brachiopoda p. 133. 

2 Table E, cols. 3-15. In col .  1 are indicated the species also found 
i n  the Lower Cambri an. In col. 2 the Coldbrookian species are 

given. In col .  16 the species which range into the Protolemts zone, 

�.nd in col. 17 those extendi ng i nto the Paradoxides zone are in

dicated. 
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(Faun a 1 3m referred 
to this horizon ) 

E 3 e  (Contains fauna 1 3n' ,  also 
3 44j Table E col. 1 4) 1 8 ft. 
Dark-gray shale,  alterna-
ting harder and softer. 

E 3 d  ( Contains faunas 1 3n " , 
and 3 4 4b, also 3 44c ) 
( Tab1e E col . 1 3 )  ' 30 ft. 
Dark-gray and some pur-
plish gray shale.  

E3c ( Conta ins fauna 3 44a) 
( fable E col. 12 )  2 5  ft. 
Gray, argillaceous sand-
stone.  

E3b ( Contains fauna 3 4 4 ) 
( Ta ble E, col. 1 1 ) 2 5  ft. 
Fine gray shale . 

E3a ( Contains f aunas 1 31, 1 3  
1 ' ,  3 44i ) (Table E,  col. 
1 0 )  54 ft. 
2 Dark-gray feld-

spathic sandstone 
having seams of 
gray grit with 
felsite debris 5 0 ft. 

l Gray mi caceous 
sha1e 4 ft. 

Division E 2  1 5 1  ft. 
E 2 c  (Contains faunas 1 3e, and 

3 44 1 )  ( Tab1e E, col. 9 ) 
Sandstones 2 1  ft. 
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E2b ( Contains fa.unas l Op, 
l Oq, 3 44o, 3 7 2f, also 
l Op ' , l Op" ) (Table E; 
coL 8) 57 ft. 

Dark purplish gray feld
spathic sandstone.  

E2a ( Contains fauna.s 1 3  d,  
] 3d', l 3d' '  1 3f, 1 3g, 
1 3p? 1 3p ' ?  also 307d) 
( Table E, col . 7 )  7 3  ft. 

3. Dark - ·purplish 
feldspathic sand
stone with beds 
of gra y quart- . 
z ite about the 
middle 3 7  ft. 

2 .  Dark - purplish 
grayfeldspathic 
sandstone ·with 
some sla te con-
glomerate 33 ft. 

l .  Gray fine-grain
ed felsite con
glomerate and 
grit  3 ft. 

Division E l  1 2 2 ft. 

E l e  ( Contains fauna '344h) 
(Table E. col. 6) 3 ft. 

Gray shale, with seams 
of greenish-gray-sa.nd and 
Iavender-gray shale. 
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El d (Con tains f aunas J 3 t" 
and 344m, also 344e, 
and 344n?) (Table E, 
col. 5) 21 ft. 

Compact dark-gray sandy 
shale. 

El c (Contains faunas 1 3t'' and 
344g ) (Table E. col. 4) 21 ft. 

Dark-gray shale. 

Elb (Contains faunas 13t, 
13t', 344k ) (Table E, 
col. 3) 34 ft. 

3. Gray quartzite, 
with sand and 
clay seams at 
top 6 ft. 

2. Shales? conceal-
ed 10 ft. 

l. Purplish - gray 
finely crystal-
line trap 18 ft. 

Ela ( Unfossiliferous beds ) 43 fL 
3. Soft purplish 

red shale 1 8  ft. 

2; Dark purplish 
gra y trap and 
ash rock 10 ft. 

l. D a r k purple 
amygdaloid and 
bright red shale 15 ft. 
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Hiatus mzd Discon.form·ity 

Coldbrookia1z 
Felsites 

Gra y shale ( Contains faunas 13k, 
3.44f Col. 2 of Ta ble E) 

Felsitic conglomerate 

and 

Hz.atus mtd Discon.fomity or 
Uncon.formity 

31 o ft. 

185 ft. 

25ft. 

100 ft. 

Sub.formation. Lower Cambrian or Older Rocks. 

It is significant that the Coldbrookian of this section, 
rests with a basal conglomerate upon older beds. vValcott 
said (Loe. cit. p. 135 ) "The Lower Cambrian is not re
presented in the brachiopod collection from Cape Breton." 
But he recognized that Lower Cambrian is represented by 
the Etcheminian of Hanford Brook. It is moreover, quite 
probable that the conglomerate at the base of the Cold
brookian is a purely continental formation and its age may 
therefore be anything below the Middle Cambrian, but the 
succeeding 2 5 ft. of gra y shales, mark the beginning of 
marine sedimentation in this region, and although most of 
the fossils found here also occur in the overlying Dugal
dian, there is undoubtedly a period of interruption marked 
by the great flow of felsitic lava, which overlies these 
shales. Of the species f ound in the Coldbrook shales, only 
one, Iphidella pamzula .White, has been recorded from 
Lower Cambrian rocks, but the same species, also occurs 
in the Middle Cambrian of the Palæo-Cordilleran and Ap
palachian geosynclines. Moreover the identification of the 
specimen from the Coldbrookian strata is a questionable 
on c. 
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Taking the brachiopod fauna of the Dugaldian in its 
entirety (See Table E) we find that it has only 3 species in 
common with the Protolenus (Hanfordian) fauna, one of 
these, together with 2 others occurring in the Paradox-Z:des 
beds as well. The three Protolenus horizon species are 
Acrotreta avia puteus Matthew, A. gemmula and Loperz"a 
dugaldens·Z:s Walcott. The 3 Paradox.Z:des horizon species 
are Littgulella tumida Matthew, Acrotreta gemmula Mat
thew and A. jn·oaz,z"a. Thus 5 out of the 2 8 species of 
brachiopods, of the Dugaldian occur outside of it, that is 
about 8 2 per cent of the spee i es are confined to it. 3 
Hyolz"thes occur in the Dugaldian but only l has been 
specifically identified and that doubtfully. All are restricted 
to it and the Coldbrookian. The trilobites are sparingly 
represented, Solenopleu-ra? bretonensz·s Matthew, occurs in 
the highest division of the Dugaldian. From the Middle 
clivision, a paradoxidoid trilobite and Holasaphus centropyge 
Matthew and a Eurypterid have been recorded. But the 
most characteristic element of the fauna seems to be the Phyl
lopod-Ostracod group, of the genera Bradoria, Bradorona, 
Beyrz"chona, Escas01za, Hymenocaris and Indt:a1Za. Of the 
42 recorded Dugaldian species, only 3 are found in the 
overlying Protolemts Bed leaving 93 per cent restricted to 
it. Two additional species are found in the Coldbrookian. 

The fauna thus seems to be a rather peculiar one, 
Linguloid, Oboloid, and Acrothele-Acrothyra etc. types of 
brachiopods forming the chief element besides the peculiar 
genera of bivalve-crustaceans, which appear to be referable 
to the Phyllopoda and possibly are relatives of the Estheri
idæ. The f act that these forms are practically tmknown 
in the Acadian Pm�adoxz"des beds ( a single species of 
Be)wicllOtta, B. triceps Matthews has been recorded from 
the Paradoxides Beds, Horizon c2 b) suggests that thcy 
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did not live in normal pure sea water such as probably 
characterized the habitat of the Paradoxz"des. On the other 
hand the fact that they ranged throughout the Dugaldian. 
while the brachiopods equally ranged throughout this series, 
suggests that the habitat was not unfavourable to the brachio
pods . If these phyllopods were fresh water types as seems 
not unlikely. it would appear that we have here a deposit 
formed in a sheltered or semi- if not entirely enclosed bay. 
into which fresh-water streams were pouring. and the prob
abilities are that the salinity of the water was consider
ably below the normal for ocean water. This would not 
<>nly result in the restriction of the marine types. to 
certain euryhaline or adaptable forms but would account 
for the presence of so many specialized types. One would 
of course expect that the marine forms under such an 
environment would show a dwarfed condition as compared 
with those from normal sea water, but since as already 
noted. only 3 species occur in the Paradoxz"des beds, and 
as there is no record of the relative size of these as com
pared with their representatives in the Dugaldian, we are 
left without a basis for comparison. Nevertheless in view 
<>f the all but unique character of the entire fauna, and the 
fact that this series has not been found elsewhere within 
the known portion of the geosyncline, it furnishes strong 
presumptive evidence for the belief, that we are dealing 
ltere with a temporary and incomplete first invasion of the 
Middle Cambrian Sea and the formation of a Caspian type 
of isolated relict water body, in which the development of 
the meager fauna was undergoing its own course, and where 
a considerable thickness of sediment accumulated which has 
no parallel in any other portion of this geosyncline. 

If the measurements of over 5000 ft. given by Mat
thew are substantiated and if the lower beds ( Myrabayan 
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series) exposed on Myra Bay, belong to this unit of de
position, we ought to have there further indication of the 
development of this specialized fauna from a normal sea 
water fauna, which was the first to invade this region. 
This normal fauna may or ma:y not have been preserved 
in. sediments formed along the line of invasion, but if so 

its typical marine character would tend to link it rather 
with the higher beds from which nevertheless it might be 
separated by a disconformity. For if our supposition is 
correct, the Cape Breton region remained isolated for a 
considerable p�riod after the first invasion and consequently, 
the basal sediments of this  early invading sea, in other 
parts of the geosyncline, would again have become exposed 
to erosion with the evident possibility of their complete 
rem oval bef ore the sec ond or Protolenian in vas ion of the 
Middle Cambrian. (For the relationships of these beds 
·in the serveral localities see Text-Fig. 9.) 

IL The Han.fordian 01' Protolenus zone. 

New Brunswick. If I am correct in the explanation 
above given of the origin and nature of the Dugaldian seri es 
of Cape Breton, we must regard the Protolenus-bearing 
Hanfordian beds which succeed the Dugaldian, as the first 
record of the successful marine invasion of the geosyncline. 
These beds have been recognized in widely different regions 
of this ancient geosyncline, from the Sancta Crucian Moun
tains of Central Poland on the east, to the Comley district 
of western England and the Cape Breton ---New Brunswick 
region of the M aritime Provinces of Canada. In most of 

-these sections the Protolenus beds rest either upon the 
Lower Cambrian or on the older rocks. In either c:1se, 
their basal relation is disconformable or unconfotmable with 
·the underlying rocks, but it must not be forgotten that 
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the entire Dugaldian series, 5000 ft. in thickness, lies be
tween the Lower Cambrian and the Protolenus beds. In 
many of these sections we might readily expect · �omething 
of an intermingling of Lower Cambrian fossils, with those 
normal to the Protolemts beds, for if our general 'thesis is 
correct, there should be a very long time interval between 
the Lower Cambrian retreat and the Middle Cambrian 
readvance and consequently the surface of the country pre
viously covered by Lower Cambrian formations should, as 
the result of prolonged weatheFing, be strewn with the 
fragments or even the unbroken remains of Lower Cambrian 
organisms, while the advancing Middle Cambrian seas, in 
disturbing these products of weathering, would by floatation 
sort them out into fossiliferous layets, in which the remains 
of the organisms of the invading sea may likewise be 
commingled. This is probably the reason why many stud
ents of these carly rocks would enclose the Protolenus beds 
in the Lower Cambrian, whereas, according to Matthew, 
these overlie the Dugaldian early Middle Cambrian beds in 
Cape Breton, although in Hanford Brook the type locality, 
they have overlapped these beds and rest directly on the 
Etcheminian Lower Cambrian. 

The Protolemts beds ( Matthew's division Cl bl, to 
C lb 5,) ha ve f urnished no f ossils in Cape Breton and their 
exact thickness and character is not known. Neither is 
that of the Lower Acadian or Pm/adoxides beds, (Matthew' s 
divisions C l c and C l d. ) All of these are well developed 
in New Brunswick. It is not until we reach division C2a, 
of Matthew, with Litt/[Ulepis exigua, corresponding to 
some of the later Paradoxides zones, and division C2b, 
which is supposed to represent the Forchhammeri zone, 
and C2c, possib1y a still higher zone, that we meet with 
{ ossi1iferous representatives in Cape Breton. It is in this 
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region that the Upper Cambrian is well developed, for 
which reason I long ago proposed the name Bretonian, as 
a group name for this division of the system. 

The type section of the Protolenus zone of Matthew 
is at Hanforcl Brook, St. Martin's, New Brunswick, about 
30 miles from St John. This stream runs at right angles 
to the strike of the beds, which here dip at a moderately 
steep angle to the north. Unf ortun ately Matthew gives no 
thickness, but if we can judge by his section, the Protolenzts 
group which he makes division lb of his Acadian part of 
the St. John group, should be in the neighbourhood of 
300 ft. It is preceded by division l a of the St. John 
group, which is an unfossiliferous sandstone and which in 
turn is separated from the underlying Lower Cambrian 
Etcheminian series by an unexposed interval. This sand
stone, Division l a is represented as even thicker than 
the Protolenus group and the whole of the Acadian group 
of th is section would cover at least 600 or 800 ft. whereas 
we know that its th ickness at St. John is not over 
200 ft. As we have seen (ante p. 81, I07) the high
est exposed clivision of the Etcheminian ( Division 2 c ) 
has a thickness of 300 ft. and consists of purplish sandy 
shale, with a few hands of green ish shale and carrics 
Scolz"thus. Whether the concealed interval of 320 ft. also 
belongs to the Etcheminian or together with the sandstone 
l a, of the Acadian gro up represent the Dugald ian of Cape 
Breton Island is unknown. 

Matthew divides the Protolenus zone into 5 distinct 
subzones . These in clescending order are as follows.l 

l G. F. Matthew. Protolmus zone. Transactions of the New 

York Academy of Science, March 17th, 1895 p. 106. 
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5. Subzone with unknown crustacean fauna. 
4. Subzone of Beyrichona tinea ( ostracod) 
3. Subzone of Protolenus paradoxoides 
2. Subzone of Protolenus ( Bcrgermzia ) elegans 

1. Subzone of Hipponz"cha1�·ion cos ( ostracod) 
The fauna is given in table F, Cols 3-7, the horizons 

there being marked Cl bl-Cl h5 in conformity with the 
usage adopted by \Valcott, ( Cambrian Brachiopoda p .  13il) 
and by others working on these faunas in America. In 
Col 8 the overlying Paradoxides beds are represented, 
while in Cols. l and 2, the Lower Cambrian and the 
Dugaldian are shown respectively. The study of this  table 
will show that the relationship of the Protolenus fauna is 
more marked with the Paradoxz"dcs fauna than with the 
Dugalclian, especially among the brachiopods. 

With the Lower Cambrian it has only Bots.fordia 
caelata ( Hall) in  common, and a few of the pelagic Hyo
lithids, including Hyolithellus micans, Coleoloz"des typicalz"s, 
and Hyolithes ame1·icanus. The trilobites of the Protolenus 
beds are confined to it, as are also most of the ostracods 
and phyllopods, though as alreacly noted 3 of these, Indiana 
lippa, Bradoria benepuncta and J17alcottia .fusiformis also 
.occur in the Dugaldian. Hippvnicharz"on cos occurs in the 
Lower Cambrian of Poland. The characteristic trilobites of 
this fauna are confined to subzones 2 and 3, C cols. 4 & 5) an 
undetermined species of Ellzpsocephalus being recorded from 
subzone l, C col. 3) and none from either subzone 4 or 5, C cols. 
6 & 7) where the only spccies are ostracods and brachiopods. 

Ncw.fomzdland The Manuels Brook section of New
foundland has been the subject of most careful recent studies 
by the late Professor Gilbert van Ingen of Princeton and 
by Dr. B. F. Howell, whose work on the lower portion of 
the section has already been referred to (ante p. 79 CIO 5) 
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Tab!e F. 

Fauna of tite Hm�(ordian or Protolenus 

Heds of New HmtS'<I-'ick 

Brachiopoda 
l Lingulella ferruginea Salter 
2 Lingulella martinensis Matthew 
3 Botsfordia caelata (Hall) 
4 Botsf or dia pulchra (Matthew) 
5 Trematobolus insignis (Matthew) 
6 Trematobolus kempanum (Matthew) 
7 Trematobolus pristinus (Matthew) 
8 Acrothele matthewi (H artt) 
9 Acmthele matthewi lata Matthew 

10. Acrothele prima (Matthew) 
11 Acrothele prima costata (Matthew) 
12 Acrotreta baileyi Matthew 
13 Acrotreta gemmula Matthew 
14 Acrotreta inflata Matthew 
15 Acrotreta sagittalis Salter 
16 Acrotreta sagi ttalis magna (Matthew) 
17 Acrotreta sagi ttalis transversa (Hartt) 
18 Protorthis helena Walcott 
19 Protorthis (Loperia) dugaldensis (Walc.) 

Hyolit!zidæ etc. 
1 Hyolithes (Diplotheca) acauica crassa 

Matthew 
2 Hyolithes (Dip1ntheca) hyattina Matthew 
3 Pelagiella atlantoides Matthew 
4 Hyolithellus micans Bill. 
5 Coleoloides typicalis Walcott 
6 Orthotheca cf emmonsi Ford 
7 Hyolithes cf princeps Bill. 
8 Hyolithes americanus Bill. 
9 Hyolithes cf. obtusa Bill. 

10 Hyolithes decipiens Matthew 
11 Hyolithes gracilior Matthew 

....,,_ ""' c Z' Hanforuian =-
� � or Proto- g. 
"' 0: lenus Beds O (") p:;· �· 
� :J n n i n n n ttt 
o- ;;o:�o:o:(1) ., -a:vc.:�Olg. 

l 2 3-415"6 7 8 

----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 
---X 
---- X 
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Table F. (C ontz"nued) l 2 3 4 5 6 7 8 
- -- -- - - - --

Cephalopoda 
1 Volborthel la tenuis Schmidt - - - - - - X X 

Trilobz"ta 
1 Agrau]os? arcticcphalus J\1atthew - - - - X 
2 Protagraulos priscus Matthew - - - -- X 
3 Ellipsocephalus galcatus Matthew - - - - X 
4 Ellipsocephalus grandis Matthew - - - X 
5 Ellipsocephalus sp. - - X 
6 Micmacca matthewi Matthew - - - - X 
7 Micmacca vaningeni Matthew - - - - X 
8 1\1icmacca recurva Matthew - - - - X 
9 Micmacca? plana Matthew - - - - X 

lO Avalonia acadica Matthew - - - - X 
11 Protolenus paradoxoides Matthew - - - - X 
12 Protolenus bituberculatus Matthew - - - - X 
13 Protolenus (Bergeronia) elegans Matthew - - - X 
14 Prot. (Bergeronia) articephala Matthew - - - - X 

Ostracoda & P/zyllopoda 
l Hipponicharion eos Matthew - - X 
2 Hipponicharion cavaturn Matthew - - X - X 
3 Hipponicharion minus Matthew -- - - - X 
4 Beyrichona papi]io Matthew - - - X X X 
5 Beyrichona tinea Matthew - - - X X X 
6 Beyrichona tinea planata Måtthew - - X X X 
7 Beyrichona tinea triangularis Matthew - - - X X 
8 Beyrichona ovata Matthew - - - X 
9 Beyrichona rotundata Matthew -

�c 
X X 

10 Indiana lippa (Matthew) X 
11 Indiana secunda (Matthew) _ l _ X X 
12 Indiana secunda pyriformis Matthew _ l _ X 
13 Bradoria benepuncta (Matthew) - X- - X 
14 Bradoria minor (Matthew) - - -· - X 
15 Bradoria cambria (Matthew) - -- - - X 
16 Bradoria oculata (Matthew) - - - - X 
17 Walcottia fusiformis (Matthew) - X- - X 
18 Lepiditta sigillata (Matthew) - - - - X 
19 Primitia aurora Matthew - - X 
20 Leperditia ventricosa Matthew - - X 
21 Leperditia steadi Matthew - - X 
22 Leperclitia primæva Matthew - - - - X 
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with reference) . In Dr. van In gen's ta ble, republished in 
Howell 's  paper, he applied the name Hanjordz"an to the 
beds overly ing the Etchemin ian and although he placed them 
in the Lower Cambrian, he recognized the existence of a 
disconformity between the Etcheminian and the Hanfordian . 
We may give here the Cambrian portion of Van Ingen ' s 
table, retaining h i s  classification though rearranging his 
items. 

G. va1z bt J[en' s c! as sifz.catz"on of Manuel' s 

Brook Cambrz"rm. 

ST. }OliN GROUP 
Upper Cambrz"an or J ohannz"an 

Elliot Cove Formation. 
E. gray and black shales with concretions; 
conta ins : 

Olenzts 
Orztsia lentz"cztlar·z"s 
Lz"ngulella ferrugz"nea 

Mz"ddle Cambrz"an or Acadz"mz 

Manuel' s  Formation 

D2. Black, brown and olive shales, thin
bedded san dston e  and Kalkballen, fossils: 

Paradoxz"des 
Conocoryphe 
Lz"ostracus 

Agnostus 
Mz"crodz"scus 

Dl. Phosphorite. Lower Paradoxz"des hori
zon 
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DZ:sconformit;• 

Lower [?] Cambrian Hanf ordian [ our Middle Cam
brian] 

Hanford formation. 
C2. Green and red shale, with manganiferous 
limestones. Fos!>ils: 

Protolenus 
Ellzpsocephalus 
Avalonz"a 

C l. Phosphorite with Radiolaria and sponges. 

Discmiformz"ty 

ETCHEMINIAN 
Lower Cambrz"a1t 

Smith Point limestone 
B3. Red limestone with red shale, with 
Hyolz"thes etc. 

Brigus Formation 
B2. Red shales with nodular limestones. 

Callavia broggerz" 
Strenuella stre1zuus 

Bonavista Formation 
Bl. Red and green shales with l imestone 
nodules. 

Coleolo·Z:des etc. 

Van Ingen records 2 disconformities one below and 
on� above, the Hanfordian, and he places the latter in the 
Lower Cambrian. Since his Hanfordian is essentia1Iy the 
Protolcmts zone, it is here placed at the base of the Mid
dle. He records a phosporite bed at the base of the 
Hanf ordi2.n and another at the base of the Acadian, each 
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of these signalling the retum of the sea, after a period of 
exposure. The lowest of these is regarded as the most 
important. 

In the classification adopted by Howell in his paper 
on the Paradoxides beds of Manuels, in Newfoundland, he 
divides the original Hanfordian of van Ingen, especially his 
division C2 into a Protolenus zone at the base, followed 
by a Catadoxides zonc, and this by a Manganiferus zone, 
above which Iie in turn the lowest Paradoxides beds. He 
expresses doubt as to the exact position of thcse beds 
m the classification. We have already referred to the 
contact between these Hanfordian beds and the underlying 
Etcheminian and the evidence which indicates a discon
formity. 

The Hanfordian with its 2 zones is 34 ft, thick, the 
characteristic trilobite of the upper zone, C'atadoxides ma;;ni
.fz"cus, has been compared with the Sardinian genus, fifeta
doxides which characterizes the Olenopsis beds of that sec
tion ( see below) . The Catadox·ides beds are succeeded 
by a thin bed of dark bluish-gray shale 4 to 5 inches thick 
and full of flattened sub-spherical nodules which are one 
inch in diameter and were regarded by Dale as composed 
of manganiferous calcite.l Overlying this is a thin layer 
described by Dale as "Cryptozo01z shale" "COntaining roughly 
concentric or zonal strnctures measuring l � inches in dia
meter, irregular and subspherial nodules, measuring one inch 

l N. C. Dale. The Cambrian manganese deposits of Conception 

and Trinity Bays Newfoundland. Proceedings American Philo
sophical Society, Vol. 54, 1915, p. 371-456 (p. 385). 
ibid 1914. Manganese deposits of Conception and Trinity Bays. 

Newfoundland. Bull. Geol. Soc. of America, Vol. 25, 1914. p. 
73-74. 
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in diameter, and intercalated lenses of manganiferous cal-
cite. l 

This "Cryptozoon" layer is  succeeded by 3 ft. of hard 
green shale, with manganiferous calcite nodules in its upper 
portion. In the lower part of this, a specimen of a trilo
bite has been found which is tentatively identified by Howell 
with Catadoxides mag1zijicus ( Matthew) . 

Succeeding this are 1 0  ft. and 10 inches of unfossili
ferous manganiferous red and green shales, some of which 
contain small flat nodules, some of - them similar to those 
occurring in the beds below, but others may be phosphatic .  

Above this follow the beds referred to the Paradoxz"des 
zone i.e.  the true Acadian with a thickness of 3 0 2  ft. The 
detail_s of these beds will be given later . 

It thus appears that the Hanfordian series which dis
conformably overlies the Etcheminian, has a thickness of 
77 . 5 ft, and that it contain s the Protolmus zone 111 the 
lower part and the Catadoxides magnijicus zone m the 
upper part . No detailed study has yet been made of the 
fauna of this  series, but it appears to be essentially the 
equivalent of the Protolenus zone of Hanford Brook. 

England. The Protolenus zone has been found by 
Cobbold in the Comley district of Shropshire in Western 
Englan d.:!  It rests upon the Stremte!la limestone ( Ac4, ) 

1 Loe. cit.  1915 p. 385. 
2 Edgar StirU ng Cobbold. The Cumbrian horizons of Comley, 

Shropshire and the ir Brachiopod a ,  Pteropoda, ar.d Gastropoda etc, 

with faunal tab les. Quarterly Journal of the Geol. Soc. London 
vol. LXXVI pp. 325-386. pls. XXI-XXIV, 1 920. 
Cobbold. E. S. On some small tri lobites from the Cambrian 
Rocks of Shropshire . Quarterly Journal of the Geol. Soc. Lon-

don. vol . LXVI, 1910, p. 19 et seq. 
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O. 7 5  ft. thick, which is a gray to red-purple gritty lime
stone, with phosphatic inclusions and apparently marks the 
top of the Lower Cambrian, being separated from the 
Olenellzts l imestone by 1 .7 5  ft . of Microdz.scus bellimar� 
ginatus l imestone. (ante p. 9 1 ,  I Il. ) 

The Protolentts limestone of this section has a maxi mum 
thickness of 6 inches and consi sts of black to pale-gray 
compact phosphatic l imeston e. It is followed by the Lap
worthella l imestone (Ad . ) which is  formed of 6 inches of 
calcareous and phosphati c  granular material . Then follows 
a disconformity and erosion, which often cuts away these 
two formations, so that the lowest Paradoxides bed, may 
rest directly on the Strenuella limestone or on either of the 
2 succeeding beds. 

In the famous Comley quarry, the Lapworthella l ime
stone i s  a highly phosphatic bed. «It is probably an i m
persistent bed and has a thickness of say from 4 to (-) 
inches. ( Cobbold ) . 1  

Cobbold relegates thi s to the Lower Cambrian • •be
cause it contains Acrrthyra cf. sera Matthew, Hyolz"the!!zts 
micans Billings etc, as well as the Salterella-like LaJm-'orth
ella and because angular fragments occur in the conglome
rate above. "  Ae1/othyra se1/a Matth. however,  is typical 
of the Dugaldian, which we have secn is not Lower but 
Middle Cambrian and Hyolz"thellus m ica1ZS is a species which 
also occurs in the Paradoxz"des beds. Lafræorthella is  new 
and so are the other fossi ls  found there. 

In the Comley quarry, the Protolemts and S!J-emte!la 
l imestones are rcpresented by some 9 inches of deeply 

1 Notes on the Cambrian area of Comley. E.S. Cobbold . Pro
ceedi ngs of the Geologicul Association, vol. XXXVI, part IV, 
1925. pp. 367- 374. (p. 371 )  
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weathered rock, much fractured by strike faulting. 2 00 yards 
south however, these 2 formations are well shown. In 
Table G, the fossils of the Protolenzts zone of Comley 
are recorded in Col. 2, those of the Lapworthella bed in Col. 
3, while Col .  4 indicates those species which range into 

the Acadian of Comley. Cols.  5 & 6 show the speci es 
which are also known from the Dugaldian and Hanfordian 
respectively of eastem North Amcrica, while Col. l, indi
cates those that range down into the Lower Cambrian of 
the Comley district. 

At first sight, there seems to be a rather doser 
relationship to the Lower, than to Middle Cambrian, but 
this  i s  less significant than i t  appears. Two small brachio
pods, Paterz·na labradorica and Obolus p arvulus, the latter 
new, may be regarded as typical Lower Cambrian forms 
which range into the Protolenus, but not into the Lapworthella 
bed. Recall ing the slight thickness of the Protolenus bed 
and the fact that it certainly represents a new invasion of 
the sea, since i t  i s  characterized by a new faun a, these two 
brachiopods might well be regarded as residual Lower Cam
br ian fossils, picked up by the transgressing Middle Cam
brian sea and incorporated in its deposits . Among the 
trilobites, two species of Microdiscus, M. lobatus and fif. 
speciosus may also be regarded as Lower Cambrian forms 
incorporated in the higher deposit .  If we regard these 
forms as separated by weathering from the underlying rocks, 
we can understan d that their minute size has preserved 
them intact, and this  applies to the brachiopods also, though 
as a matter of fact, the best speci mens fi gured by Cobbolcl 
are nearly all broken . The measurements given by Cobbold 
for Obo!ds parvulus, range from 0 . 9  to 2 . 3 5  mm, in length, 
with the width 8/ 1 O to �) ! l  O the length . Species of Pate
rina labra.dorica, range up to l O or 1 1  mm in width, but 
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1 2 3 4 5 6 7 

Brachiopoda 
Paterina labradorica Bill X X -
Obo/us parvulus Cobbold. X X -
Lingulella viridis Cobbold. - X X 
Acrothyra cf. sera Matthcw - - X - X 

Hyolichids etc. 
Hyolz"thes crassus Cobbold - X -
Hyolitkes sculptilis Cobbold - X -
Ortkotheca bayonet Matthew - X - - - X 
Salterella (?) bel/a Cobbold - X 
Salterella (?) strz"ata Cobbold - X 
Lapzvorthella nigra Cobbold - - X 
Hyolz"thellus micam Bill. X X X X - X 
Helenia cancellata Cobbold X X X 
Helcionella dngulata Cobbold ? X 
Latouchella (?) striata Cobbold - X 
Latouchella costata Cobbold X X 

Trilobita 
Microdiscus comleyensis Cobbold - X 
Microdz"scus lobatus Hall X X 
Mz"crodz"scus speciosus Ford X X 
Protolemts /atouchii Cobbold - X 
Protolenus 11wrpheus Cobbold - X 
Mohicana lata Cobbold - X 
llf'ohz"cana clavata Cobbold - X 
Callavia cf. callavii (fragments) X X 
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we are not told the size of the specimens from the Pro
tolenus bed. However non e of the shells figured, which 
all come from the Olemllus limestone same 2 Yz ft. below 
the Protolenus l imes tone, are perf ect. Of much greater 
significance however is  the fact that the large Lower Cam
brian trilobi te Callavia calaviz·, typically found in the Olenellus 

l imestone, i s  represented by fragments . only, in the Pro

tolemts beds an d the two th in layers of li mestone below it. 

Aside from these fragment.1.ry and minute organ isms , 
wh ich might well be regarded as reincorporated residual 
material, there are only HyoHthids and the apparently 
pelagic pteropod Latouchella costata which has a maximum 
length of 4 . 5  mm and may either be dasset! with the 
incorporated forms or the presis  tent pelagic types. 

I am well aware that I have merely st1.ted a possibil
ity, when l refer to these minute organ isms as secondarily 
included, though that this was the manner of incorporat ion 
of the Callavia fragments can hardly be questioned . I 
would base the class ifi cation of the Protolenzts bed with 
the Middle rather than the Lower Cambrian , on the occur
rence of the new and distinctive types, among which Pro
tolenus itself i s  represented by 2 spec ies, though they are 
distinct from the spec ies found in New Brunswick . This 
incoming of a new fauna, can hardly be expla ined other
wise than by renewed marine invasion, and since we have 
seen that in Cape Breton, the Protolenus zone is underlain 
by more than 5 0 0 ,  and possibly by more than 5 0 00 feet 
of strata with a Middle Cambr ian fauna, the correctness of 
that classificati on seems to be beyond question . 

Other countries The Protolenus zone i s  unknown m 
Scan dinavia, where the Paradoxides beds, ' l i e  disconformably 
on the Lower Cambrian Holmia Beds. It i s  equally un-
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represented, at least by fossiliferous beds, in Bohemia, but 
has been reported from the Lausitz Mountainsl on the 
Bohemian border and from the Sancta Crucia Mountain s  of 
Central Po1and. 

In the latter region, these Protolenus Beds have also 
been classed with the Lower Cambrian and they have been 
subdivided as follows. 

Sujerformatz"on 
Middle Cambrian.  Sandstones without fossils, Bed 7 

Il Protolenus Serz'es, Bed 6, Shales and sandstone with a 
rich fauna including Protolenus 3 species, Ellisocep halus 
etc. the greater part of the fauna consists of new 
species . This fauna has been given in Col. 2 1 ,  Table 
Ill (ante p. 1 4 0  (P· 166 ) . 
Bed 5· Yellowi sh green shales, with light coloured 
sandstones and shales and a rich fauna, most of the 
species be ing new and a f ew rang ing in to the high er beds. 
Bed 4· Sandstones and sandy shales with a sparse 
fauna, including Strenuella kiaeri. 

The faunas of beds 4 and 5 are given in Col . 
2 0 of Table Ill, p . 1 40 ( I66 ) ·  

Divis·ion I Lower Cambria?Z Holmia Bed, with a fauna 
given in Column 1 9  of Table III. 
So far as the lists of species are available, Protolcmts 

seems to be restricted to the highest bed ( 6 )  of Division 
U and as the table shows, the only trilobite in common 
with the preceding beds and the Lower Cambrian is 
Sb�enuella kiaeri . Elipsocephalus intermcdius i s mistaken ly 
recorded in the tab le under Co l .  2 O .  I f  these l ists gi ve 
the true relation ship of the fauna, it is possible that bed 
6 alone is referable to the Protolmus zone. 

1 This is questionable; see below 
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The Protolenus fauna of the Lausitz lVIountain granite 
massif, on the northem border of the Bohemian mass is  
less satisfactory, for the species described from there by 
Richter, l Eodiscus cf speciosus, and an undetermined Pty
choparid and Mesonacid  suggest rather Lower Cambrian, 
though as Richter says, the Mesonacid may be a Paradox
ides. He however, concludes that the probabilities are 
that the red shale in which these f ossils are f ound, and 
which was formerly referred to the Devon ian, most pro
bably represents Lower, rather than Middle Cambrian. 
Certainly there is no j ustification for Bubnoff's confidence 
m referring this horizon to the Protolenzts zone.2  

Ill  The Acadian or Paradoxidean 

Series 

The Acadian or Paradoxt"des series is a well defined 
group, representing the typical development of the Middle 
Cambrian in the Caledonian geosyncline. There has never 
been any doubt about its delimitation when the strata carry 
fossils, for the typical species of Paradoxides are found 
throughout. Everywhere too, critical study has sho·wn that 
this series is limited below as well as above by dis
conformities, and there is  not wanting evidence at least in 
some sections that there are disconformities within the 
series. This indeed, i s  strongly suggested by the marked 
zoning of these Middle Cambrian beds and by the well
known fact, that the species of Paradoxz"des, which char
acterize the successive zones are practically if  not wholly 

l R. and E Richter. Ei ne Kambrische fauna im Niederschles. 

Schief ergeb irge. Centralblatt fur Mineralogie ,  Geologie, etc, 
1923 pp. 730-735. 

2 Geologie von Europa pp. 523 and 632. 
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confined to these zones, and that such distinct zones can 
be recognized even where the entire series is representcd 
only by an insign ifi cant thickness. The case of Bornholm 
has already been referred to where the entire Paratl{lxides 
series has a thickness of only 4 meters or approximately 
13 ft. and where the series 1s divisible into 4 palæonto
logical zones. 

To consider such a series as representing continuous 
deposition, and representative of the entire Middle Cam
brian, ignores the very significant fact of sharply delimited 
zones. In the region of continuous deposition, successively 
invaded by faunas from an outside source, we should expect 
to find a commingling and gradual replacement of the older 
by the younger fauna. Even if i t  were a question of a 

s ingle leading trilobite only, such as the Paradox-z"des, it 
is inconceivable that with the arrival of the new zone 
species, only slightly different from the one preceding, the 
latter should d isappear abryptly. To take our most com
pletely investigated example, that of the Paradoxz'des Beds 
of Bornholm, studied in such great detail by Gronwalll, we 
have the following remarkable facts. ( See Table H) 

In the Læsaa section, the total number of species 
described is Gl and two doubtful . Of these 7 occur in 
the Lower Alum shales, or zone of Paradoxz'des tessz'nz' 
which has a thickness of only 160 to 165 cm. 20-2 5 cm. 
of this representing the Exsulans horizon but here un
fossiliferous. 29 occur in the zone of Paradoxides davz'dz's 
a phosphoritic anthraconite2 only 20 cm in thickness; 12 

l Karl A. Gronwall Bornholm's Paradoxideslag og deres Fauna. 

Denmn.rk geologiske Undersogelse, Series Il No. 13, 1902, with. 
English summary 

2 Carbonaceous calcite. 
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Table H 

Fauna of the 

of Bornholm (After 

Gronwall) 

12 3 4 56 7 8 91011121314 
Brachiopoda 

1 Acrotreta sagittalis (Salt.) 
W alcott - - X X - X X - - X X - X 

2 Lingulella sp. indet. - - - x - x X - - - x - x 
3 Acrotreta socialis v. Seeb. - - x x - x - - -- x - x 
4 Acrothele intermedia Lnrs. - - - - - x ? - - - - - x 
5 Acrothele coriacea Lnrs. - - x x -- x - - - x - x x 
6 Iphidea ornatella Lnrs. - - x x - x - - - - x - x 
7 Kutorgina cingulata Bill. 

var. pus ill a Lnrs . - - x x - - - - - - x - x 
Gastropoda 

1 Metoptoma barrandii Lnrs.----- x - - --- - x 
2 Raphistoma broggeri Gron-

wall - X X - - - ? - X X X - - X 
Hyolithidæ 

1 Hyolithes (Orthotheca) 
lineatulus Holm. - x - - - - - - - x - - x 

2 Hyolithes (Orthotheca) 
affinis Holm. - x - - - - - - - x - - x 

3 Hyolithes (s. str.) tenui-
striåtus Lnrs. - - - - - - - - - - x - x >< 

4. Hyolithes (s. str.) obscu-
rus Holm. - x -- - -- - - - x - - x 

5 Hyolithes (s. str.) socialis 
L�. - x - - -- x - x x -- x ?  

Trilobita 
1 Agnostus gibbus Lnrs., 

var. hybrida Br. - - - - - -,- x - - - - - - x 
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Table H (C ontinued) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
- ·- - -- �- - - - - - - -- ---

Trilobita (cont.) 
2 Agnostus fiss us !Jgh. var. 

perrugata Gror.wall - - - - - - X 
3 Agnostus lundgreni· Thg. - X - - - - - - - X -- - X 
4 Agnostus lund gre ni Tbg. 

var. nana Gronwall - X- - - - -- - - X 
5 Agnostus intermedii.ts Tbg. - - - - - - - X- - - - X 
6 Agnostus incertus Br. - X- - - - - -- - X - - X X 
7 Agnostus exsculptus Ang. 

(ex parte) - - - X - - - -· - - ? - X 
8 Agnostus nathorsti Br. - X- - - - - - - X - - X X 
9 Agnostus aculeatus Ang. -- - -- - - - - - - - X - X X 

10 Agnostus punctuosus Ang. X X - - - - X ? X X - - X X 
11 Agnostus elegans Tbg. - X - - - - - - - X- - X 
12 Agnostus alt us Gronwall - X - - - - X - - X 
13 Agnostus cicer Tbg. - X - - - - - - - X- - X 
14 Agnostus cicer var. forfex 

Gronwall - X - - - - - - - X 
15 Agnostus laevigatus Dalm. - X - - X- - - - X x - X X 
16 Agnostus nudus Beyr., var. 

scanicus Tbg. - - - - - - X- X- - - X 
17 Agnostus nudus Beyr., var. 

marginatus Br. - X X X- - - - - - X - X X 
18 Agnostus glandiformis 

Ang. - - - X - - - - - - X - X X 
19 Agn ost us glandif ormis var. 

resectus Gronwll - - - - - - - - - X 
20 Agnostus lens Gronwall - - - - - - X 
21 Agnostus lens var. fron-

do sus Gronwall - - - - - - X 
22 Agnostus f allax Lnrs. - - - - - - X ? - - - - X X 
23 Agnostus fallax Lnrs. 

forma ferox Tbg. - X X - - - - - X X X - X X 
24 Agnostus kjerulfi Br. - X - - - - - - - - - X X 
25 Agnostus planicaudus Ang. - X X - - - - - - X - - X X 
26 Agnostus quadratus Tbg. X X - X 

27 Agnostus insu!aris . Gron-

wall - X 
28 Agnostus lingula Gronwall .- - - - - - - - X 
29 Agnostus parvifrons Lnrs. ? X ? - - X X 

' 
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Tab!e H ( Continued) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
- - - -- - - -- - -- - -

Trt!obita (cont.) 
30 Agnostus parvifrons. var. 

mammillatus Br. - - - - - - X - X - - - X X 
31 Agnostus parvifrons var. 

ne p os Br. - X- - -- - - -- - - - X X 
32 Agnostus brevifrons Ang. - - - X- - - - - - X - X X 
33 Agnostus stenorrhachis 

Gronwall - X - - - - - - - X 
34 Agnostus exara�us Gron-

wall - - - - - - X - - X 
35 Agnostus pusillus Tbg. - X - - - - X - x- - - X 
36 Agnostus rotundus Gron-

wall - - - - - - - - X X 
37 Microdiscus scanicus Lnrs. - - - - - - X - ? - - - X 
38 Microdiscus scanicus eu-

centrus Lnrs. - ? - - - - X - X X - - X 
39 Conocoryphe (s. str.) sulzeri 

v. Schloth. - - - - - - - - - ? - - - X 
40 Conocoryphe (s. str.) aequa-

lis Lnrs. X - - - - - - - X - - -- X 
41 Conocoryphe (s. str.) glab-

ra ta Ang. - - - - - - - - - - X - X 
42 Conocoryphe (s. str.) tenui-

cincta Lnrs. - - - - -- X - - - - - - X 
43 Conocoryphe (s. str.) dal-

mann i Lnrs. - - - - - X - - - - - - X 
44 Conocoryphe (Erinnys) 

ven ul osa Salt. - - - - - - - -

=[ 45 Conocoryphe (Erinnys) 
breviceps Ang. X - X 

46 Conocoryphe (Ctenocepha-
lus) exsulans Lnrs. - - -- - - X - - - - - - X 

47 Conocoryphe (Ctenocepha-
lus) tumida Gronwall - - - - - -· - - - X 

48 Conocoryphe (Ctcnocepha-
lus) laticeps Ang. - - - - - - - - - - X - X 

49 Conocoryphe (Liocephalus) 
imprcssa Lnrs. - - - - - X - - - - - - X 

fiO Conocoryphe (Liocephalus) 
linnarssoni Gronwall - - - - - X 
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Tuble H (C ontz.nued) 1 2 3 4 5 6 7 8 9 lO 11 12 13 14 
- -

-- � -- - �- �-- -- �- -- -� - - -

Trzlobita (cont.) 
51 Conocoryphe (Liocephalus) 

teres Gronwall - X - - - - - - - X 
52 Paradoxides tessini Brgn. X - - - X X- X X- - X X 
53 Paradoxides davidis Salt. - X - - - - - - - X- - X 
54 Paradoxides f orchhammeri 

Ang. - - - x- - - - - - x- X X 
55 Paradoxides rugu!osus 

Corda - X - - - - - - - X - - X X 
56 Paradoxidcs hicksi Salt. - - - - - X x- - - - - X 
57 Paradoxides sjogreni Lnrs. 

var. nepos Gronwall - - - - - - - - - - X 
58 Paradoxides? sp. indet. 

No. l. (Cranidium). - - - - - - - - X 
59 Paradoxides sp. indet. No. 

2. (Pygidium). - - - - - - - - - - X 
60 Paradoxides? sp. indet. 

No. 3. (Hypostoma) - - - - - - ? - ? ? 
61 Centropleura loveni Ang. - - - x- - - - - - X - X 
62 Centropleura steenstrupi 

Ang. - - - - - - - - - - X 
63 Dorypyge oriens Gronwall - - - - - X 
64 Dorypyge danica Gronwall X- - - - - - - X 
65 Corynexochus bornholmi-

ensis Gronwall - - - - - - x - X ? 
·66 Anomocare limbatum Ang. - - - X - - - - - - X - X 
67 Anomocare excavatum 

Ang. 
68 Anomocare excavatum var. 

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

dentatum Gronwall - - - X 
69 Anomocare l æve Ang. - - - x- - - - - - x- X 
70 Anomocare angelini Gron-

wall - - - - - - - - - ? 
71 Liostracus linnarssoni Br. X - - - - - X -- x- - - X X 
72 Liostracus globiceps Gron-

wall - - - - - - - - - ? 
73 Liostracus microphthalmus 

Ang. - - - X - - - - - - X - X X 
74 Liostracus platyrrhinus 

Gronwall - - - X - - - ·- - - X 
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Table H (Concluded) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
-- - - - - - - -- - - - - -

Trilobita (cont.) 
75 Ptychoparia johnstrupi 

Gronwall - X 
76 Conocephalina ornata Br. - X - - - - - - - X - - - X 
77 Solenopleura canaliculata 

Ang. - - X X - - - - - - X - X 
78 Solenopleura parva Lnrs. - - - - - x - - - - - - X 
79 Solenopleura bucculenta 

Gronwall - - - - - - - - - X X 
80 Solenopleura brachyme-

tapa Ang. - - X X - - - - - - X - X X 
81 Solenopleura brachymeto-

pa var. alutacea Br. - - - X - - - - - - X - X X 
82 Solenopleura brachymeto-

pa var. nuntia Gronwall - - - - - - - - - X 
83 Solenoplema holometopa 

Ang. - - X X - - - - -- - X - X X 
84 Solenopleura acadica 

Whiteaves var. elongata 
Matth. - - - - - - - - - - X 

85 Agraulos ceticephalus 
Barr. - X- - -- - - -

- X 
86 Agraulos depressus Gron-

wall - - - - - - - - - X 
87 Agraulos difformis Ang. - - - x - - - - - - X- X X 
88 Agraulos difformis acu-

lea ta (Ang.) - - - X - - - - - - X - X X 
89 Agraulos difformis acu-

mind.ta (Ang.) - - - X - - - - - - X-- X X 

Ostraccda etc. 
1 "Leperditia" primordialis 

Lnrs. - - -
- X- - - - - - X 

2 "Beyrichia" angelini Lnrs., 
var. armata Gronwall - - - - - - - - - X 

3 Problema tie Organism X 



MIDDLE CAMBRIAN OR ALBERTAN PlTLSATION 36 

occur in the so-called transition zone, which has a thickness 
of only l cm in the Ole Aa section, but is so thin in the 
Læsaa section as to escape measurement. 26 species occur 
in the Andrarum limestone or zone of Paradoxides forch
hammerz" which in this  sec ti on has a thickness of 8 5 cm. 
Finally the Upper Alum shale, which is nøt over 2 meters 
thick and is characterized by Agnostus lævz"gatus, · carries 
only 2 species, the zone fossil and Leperdritz"a prim01·dialis. 

Taking first the trilobites, Paradoxz"des tessz"ni is re
stricted to the Lower Alum shale of 160-165 cm. Paradox
ides davz"dz"s Salter, is restricted to the phosphoritic 
anthraconite 20 cm in thickness, and Paradoxz"dcs forch
hammerz" Angel in, is restricted to the Andrarum limestone 
85 cm thick. Paradoxides ntgulosus ·Corda, occurs with 
P. davz"dz"s in the 20 cm beds representing that zone. 

Taking the zones in detail in this section the Paradoxides 
!Nsz"nz" and P. davz"dis zone, the former with 7, the latter 
with 29 species have only l species in common and that 
is Agnostus punctuosus. The Davidis and Forchhammeri 
zone likewise, have only one species in common that is 
Agnostus nudus Beyr . var. margz"nata Gronwall. This  
form occurs also in  the transition zone between the two. 
This transition zone, infinitesimal as i t  i s  in thickness, 
appears to represent the commingling of some of the 
species from the lower with some of those of the high er 
zone, and this  in view of the sudden cessation of the lower 
species in the transition zone, and the sudden beginning 
of the new species here or in the higher zone, indicates 
mechanical admixture such as is found along a l ine of dis
conformity, rather than actual transition. Ommitting the 
one form we have noted as occurring in the Davidis zone, 
the intermediate bed, and the Forchhammeri zone, we find 
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.�� others of the Davidis zone species, occurring in the 
intermediate zone and stopping there. These are 

Raphz'stoma broggeri Gronwall 
Agnostus fallax ferox Tbg . 
Agnostus planicauda Ang. 

Again, . in addition to the one common species already 
mentioned, 8 of the 26 Forchhammeri zone species, begin 
in the dividing or intermediate bed, 5 brachiopods and 3 
trilobites. These are 

Brachiopoda 
Acrotreta sagittalz's ( Salter) 
Acrothele socialis v. Seeb. 
Acrothele coriacea Lnrs. 
Iphidea ornatella Lnrs 
Kutor gina cingulata pusilla Lnrs 

Trilobita 
Solenopleura canalicztlata Ang. 
Solenopleura brachymetopa Ang . 
Solenopleura holometopa Ang. 

None of these occur in the lower horizon but all begin 
here and continue upwards. 

It must be obvious, that in view of this remarkable 
relationship, continuous deposition , with the successive arrival 
of new faunas in a persistent basin i s  out of the question . 
Only successive floodings and retreats can account for such 
fauna! distribution , and as we have noted, this alone can 

account satisfactorily for the layer with commingled faunas, 
between the Davidis and Forchhammeri zones. 

Taking the other section z·.e. that at Ole Aa less than 
20 km, east of the preceding, we find the Paradoxz'des 
tessini beds to have a thickness of l 05 cm, with 3 sub
zones. The P. davidis zone var i es from l 0-20 cm in 
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thickness and i s  succeeded by l cm of Alum shale, which 
separates i t  from the P. jorchhammen: zone or Andrarum 
limestone, which here has a thickness of 55 cm. Finally, 
the Agnostus laevzgatus zone is contained in the higher 
Alum shale approximately 2 m in thickness and this in 
turn is succeeded by the Olanus shale of Upper Cambrian 
age. Taking the 3 Pa-radoxides zones first, we find one 
point of difference in the distribution of the Paradoxides, 
namely P. tessini continues into the Davidis zone, but both 
davz'dis and rztgulosus are confined to the Davidis zone. 
P. hicksi occurs in the lower Tessini zone only, while a 

new variety P. sjogreni Lnrs. var nepos Gronwall, occurs
in the F orchhammeri zone, but nowhere el se. In this 
section a species occur in all 3 zones. Namely Acrotreta 
sagittalz's (Salter ) Raphistoma bro ggeri and Agnostus 

fallax ferox. The total number in each zone is  as follows: 

Zone 
Total number Number 

of spea:es m common 
Thickness 

Tessini zone 40 . . • . . . . . • . • • . . . . . . . . • . . • . . • 105 
�}············3+7 

40 . . . . . . . . • . . • . . . . . . . . • . . . . . • 10-20 cm 

Davidis zone cm } 3+2 
Forcl1hammerl. zone 3 7 

. . . . . .  ·-· .... . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 cm 

I . t l } . .

.
. .

.
. .

.
. .

. o. 200 �aevtga us zone . . . . . . . . . . . . . . • . . • . . • . . • . . . cm 
Aside from the 3 mentioned, which extend entirely 

across, the Tessini and Davidis zone have 7 other species 
in common. These are 
Pteropods . 

. Hyol·z'thes sodalis Lnrs 
Trilobites 

Agnostus punctuosus· Ang 
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Agnostus altus Gronwall 
Agnostus exaratzts Gronwall 
Agnostus rotundus Gronwall 
Mz"crodz"scus scanz"cus eucentrus Lnrs. 
Paradoxz"des tessz"nz" 

The latter is represented m the Davidis zone of Ole 
Aa by 2 cranidia, 6 pygidia, and 2 hypostoma. 

Again omitting the :� forms, which range through 
the 3 zones, we find, only 2 others in common between 
the Davidis and Forchhammeri zones, both trilobites, namely 
Agnostus lae7Jz"gatus Dalman, and Solenopleura bucculmta 
Gronwall. 

Once more then, though this section is not quite so 
striking as the preceding, the differences between the zones 
are so sharp and pronounced that there can be no question 
of continuous depositon. The only explanation which satis
fies, is successive invasions separated by emergences long 
enough to permit a complete or nearly complete change in 
fauna in the center of evolution and dispersal, for of course 
i t is out of the question that this center could have been 
situated within the geosyncline. 

The Tessini zone of the Ole Aa section has been 
divided by Gronwall into 4 divisions, 3 of them represent
ing distinctive palæontological zones. The lowest of these 
i s  the Exsulans limes!01ze or zone of Conocoryphe ( Cteno
cephalus ) exsulans, which is confined to this  zone. This 
bed has a thickness of only 2 5 cm, and rests disconform
ably upon the upper sandstone of the Lower Cambrian. 
The species also occurs in the corresponding zone ef Scania 
in southern Sweden. Besides this, there are 14 other 
species in the Exsulans subzone, 4 of which also occur ill 
the next succeeding Agnostus parvijrons zone, which occupies 
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the lower part of the succeeding 80 cm of Alum shale. 
-These include the zon e foss il Paradoxides tessini and P. 
hicksi and the 2 brachiopods Acrot.reta sagitta!is and Lin
gule/la sp. Thus of the total 15 species in the ExsuL'lns 
zone , 4, or less than 2 7 per cent, pass into the next higher 
Agtwstus parvifrons subzone, and of the 22 spec ie s in this 
su bzone, 4 or slightly more than 18 per cent have come 
up from below. 

In the midd le part of the Alum shale, which separa tes 
the A. parvifrons from the Conocoryphe aequalis subzones, 
only a single species Agnostus intermed-ius has been found, 
this spec�es not oc curring elsewhere. A comparison of the 
Conocoryphe aequalt:s subzone , with the two earlier ones .. 
shows the following. Of the· 15 species occurring in this 
subzone 9 or 60 per cent also o ccurs in lowcr beds. 7 of 
these occur in the Agrtostus parvzjrons subzone, namely. 

H yolz"thes sodalz"s Ln rs . ( also ranges in to the Da vi dis 
zone) 

Agnostus punctuosus A 1zg. ( also ranges into the Davidis 
zone) 

Ag1wstus nudus scan-icus Tbg. 
Agnostus parvzjrons mamm-illattts Br. 
Agnostus exaratus Gronwall 
ltficrodz"scus scanicus eucentrus Lnrs. ( also ranges into 

the Davidis zone . )  
Corynexochus bonzholmienses Gronwall (Doubtfully in 

the Davidis zone ) 
Liostracus l-innarssoni Brogger 

One species of this subzone; Agnostus rotundus Gron
wall occurs in the Alum shales immediately below and these 
may be regarded as a part of the subzone and l species, 
the zone fossil, Paradoxides tess i ni occurs in the lower 2 
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subiones ·and ranges into the Davidis zone as already noted. 
Thus, ommitting the species which pass up into the Davidis 
zone, 5 of the 15 s pecies of the Con . . equalz's sub zone, 
also occu r in the Ag-nostus parvifrmzs subzone. There can 
then be little question that we a re dealing with successive 
invasions of faunas and though the sub zones of the P. 
tessini zone may represent more or less continuous deposi
tion, o r  at least with only mild interruptions, the· zones 
themselves rep resent such p ronounced differences that long 
inter ruptions must be assumed to account for this dif
ference. 

The Bo rnholm section as al ready noted rests discon
formably upon the Rispebjaerg sandstone ::3 m 'or 10 ft. 
in thickness, which encloses phosphorite pebbles and lies 
upon the green shales with Holmza which a re 178 ft. or 
57 meters thick, and in turn rest upon the Nexo sandstone 
19 7 ft. or 50 meters thick. This rests unconformably 
upon the old gran ite . Thus, the Lower Cambrian · of this 
section is less than 400 ft . in thickness and more than 
half of this is unfossilife rous sandstone. 

The contacts between the several zones likewise pre
sent certain evidence of disconfo rmity. Thus both the 
Exsulans limestone o r  the base of the Tessini zone as well 
as the base of the Davidis zone is characterized by phos

phate-bearing layers and as we have already seen, either 
a bed of barren alum sha:le or a thin layer of commingled 
fossils separate the Davidis and Forchhammeri zones. The 
abrupt change from Andrarum limestone to Alum shales is 
also consistent with the belief in a disconformity between 
the two higher zones. 

As we shall see mo re fully, the physical evidence for 
disconformity between the tones is very st rongly marked 
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in the Comley section of Great Britain. That the possibil

�ty of sedimentary interruptions in these thin-bedded many
zoned formations has been recognized in the past, is shown 
by a statement of Fernside' s in the discussion of the zonal 
development in , and physical characters of the Comley beds. 
Speaking of the latter he says ccThe erosion-partings, the 
minute unconformities between successive beds, the limestone 
pellets with associated phosphatic nodules and glauconitic 
grains, could all be matched exactly among the Cambrian 
rocks of northern Oeland and were there interpreted as 
distinctive of a period of recurrent alternating deposition 
and erosion in shallow water, of the sea bed." 1 

Fernsides, as appears from other statements of his 
as well, considered the erosion to be sub-marine, and while 
this might account for the physical character, it certainly 
could not account for the abrupt fauna! changes. Andersson, 
in . his study of the .. phosphate beds, also suggests inter• 
rupted deposition. 

If then, our interpretation that these thin zonal divisions 
of the Middle Cambrian beds in the �aledonian geosyncline 
tepresent successive wedge-like overlaps of portions of the 
great depositional series, with pronounced unrepresented in
tervals between the successive wedges, is correct, we can 
understand why certain zones are unrepresented in some of 
the localities while other zones of restricted representation 
ptay occur there. Thus the standard of . one region may not 
serve for another, where some of the intermediate zones are 
occupied by different faunas, for the intermediate zones in 
different sections are not necessarily equivalent. 

l Discussion of Cobbold's paper on the Comley rocks, Quarterly 

Journal of the Geol. Soc. of London, Vol. LXVI, 1910, p . .  51. 
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The Southern Swedish Sectz"on 
Southern Sweden and cspecially Scania has always 

been regarded a.s one of the type regions of the Cambrian 
beds of Europe. because it is here that so much detailed 
work has been done. Mobergl has summarized this work 
and given a complete bibliography up to date of publica
tion. The zones recognized are those known from Born
holm with the addition of the Parado::ddes oelandicus zone, 

which is now known to be the lowest of the series, ly ing 
between the Tessini zone and the Lower Cambrian. 

In Scan ia, especially in the Andrarum region, a very 
detailed subdivision or zoning has been undertaken. The 
following is  the succession in  descending order, according to 
Moberg.2 

Middle Cambrian Sectz"on of Southern Swedm 
after Mo berg 

.SuPERFORUATION. Upper Cambrian. Ag1Wstzts pisiformis 
be ds. 

Hiatus an d Disconformity 
·MIDDLE CAMBRIAN or Paradoxides Beds 

Lævigatus zone 2-3 m. 

16. Zone of Agnostus lævigatus 
Forchhammeri Zone 

15. Andrarum l imestone } 
0.6-1 m. 14. Hyolithes limestone 

23-27.6 m. 

1 J. C. Moberg. The Silurian of Sweden. Special Publication 

for the 11th International Geological Congress. Stockholm 1910. 
2 J. C. Moberg, Guide to the principal Silurian J?istricts of Scania 

11th International GeologiE:al Congress. Stockholm 19-10. Guide 
Book 40. Reprinted from Geol. Foren. i Stockholm Forh:.ndl. 
Bd. 32. Hiift l. Jan. 1910. 
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1 3. Subzone of Agnostus 
lundgreni 

Davz.dz·s Zone 
12. Zone of ParadMddes 

davz.dis 
Tessz·nz· Zone 

Il. Subzone of Conocory
phe æquaNs 

15-17 m. 

l O. Sul::zone of Agnostus 
rex 

9. Subzone of Ag1zostus 
iutermedius 

8. Subzone of Mz.crod-is-
cus scanzcus 

7. Subzone of Conocoryphe 
exsulans 1.5-1.8 m. 

6 .  Subzone of Agnostus 
atavus 3.6 

Oelandicus Zone 
5.  Fragment limes tone 0.3-0.6 
4. Alum shales (Ritskiffer 

of Nathorst) 0.6 

Hiatus and Disco1t_formity 

LowER CAMBRIAN or Hol mia Beds 

m. 

m. 

m. 

KjerzifH Beds 1-2 m. 

3. Phosphatic limestone (thin) 
2. Graywacke shales (Gr a-

vakke skiffer) 1.5-1.8 m. 

TorreH beds 100m. plus 
l. Basal san:dstone. 

102 m. 
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Unconformity. 

Precambrian crystallines 

0ELANDicus ZoNE : The lowe51t z�:me with Paradoxides 
oelandicus was first recognized on the island of Oeland. 
The rock there is a light grayish-green, argillaceous shale 
or laminated clay, with scattered boulders of grayish-green 
limestone. More sddom it is somewhat sandy, resembling 
certain varieties of the Tessin i sandstone . 

In the Province of Scania on the mainland of South 
Sweden, the lowest subzone ( 4) which rests upon the 
phosphoritic zone ( 8) of the Lower Cambrian, consists of 
about � a meter of black shales, with only a few brachio
pods of the genera Lingulella, Obolella, Acrotreta and 
Acrothele and possibly a Hyolithes. This is followed by 
subzone 5, the «Fragment l imestone," so called from the 
fact that all the fossils, chiefly trilobites and brachiopods, 
are broken into indeterminable fragments. The limestone 
ranges from 0.3-0.6 meters in thickness and is tough, of 
l ight-gray colour, with iron pyrites, glauconite grains and 
phosphorite. All the trilobites are so comminuted, that 
even the genera cannot be determined, except a Paradoxides 
which may be P. hicksi Salter. Besides this the brachio
pod genera, Lingulella, Acrotreta, and Acrothele were 
obtained. From its position beneath the Exsulans limestone, 
and above the Lov.·er Cambrian, these beds have been 
referred to the P. oelandicus zone, though that species is 
not found . 

The extreme fragmentation of the fossils is significant. 
As I have already pointed out, it is very unlikely that such 
fragmentation over wide areas can be produced by wave 
activity, but a th in layer of fossiliferous mud may, on long 
cxposure to the atmosphere, have its organit remains 
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thoroughly comminuted and the r eturn ing sea, by reworking 
such ma teria l, would s epara te out .the l imestone fragments 
by gravita tive sm·ting, and colle ct them into a fra gmenta! 
limestone bed. Thus the occur rence of s uch a stratum in 
itself suggests a disconformity and hiatus . 

Further north in Sweden, the Oelandicus zone appears 
to be present in the Province of Vastergotland where Holm 
found a sha le believed to r epresent this  horizon, near Kin
nekulle on Lake Venne rn and at Hvalsta , where a gray to 
greenish-gray chy and slaty sandstone devoid of fossils, 
underlies the- beds of the Tessini zone. The zone is also 
believe d to exist in the Province of Narke north of Lake 
Ve ttern, where Andersson found a blue-gray a rgillaceous 
shale with limestone containing Paradoxides sjogreni and 
Acrothele granulata. The strata  are somewhat disturbedi 
and i t  may be that these beds should be classed with 
the base of the succeeding zone. Still f arther northwest in 
Jamtla nd , an alum shale and stink-stone occurs at a number 
of local ities and represents this horizon. Finally in Norr
land (Lapland ) in the pa rish of Stensele at Tall trask and 
Kyrkberge t, boulders of gray ha rd compact limestone have 
been found with a fauna indicating this horizon . This is the 
locality alr eady referred to (ante p .  1 56, I82 )  where Holmia 
kjeruifi was found, and which is rega rded a s  representing 
the Lapland embayment from the Siber ian Sea . 

TESSINI ZoNE. In Sweden, this zone is usually made 
to include the Paradoxz"des davz"dis zone, but in conformity 
with the usage elsewhere, I have separa ted it and include 
only Moberg' s subzones G- 1 1 .  S ince the Scan ian succession 

l J. G. Andersson. Ueber Cambrische und Silurische Phosphorit
fuhrende Gest eine p. 37. 
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i�:.1.s been worked out in much detail, we shall consider that 
first. ( See Table I p. 387, 583 ) 
Subzone 6 .  Immediately overlying the "Fragment Lime

stone" which as we have seen is best explained 
as a record of a period of exposure, and 
separated from it by a hiatus and disconformity, 
follow 3 . 6  meters of Alum shales rich in  iron 
pyrites but poor in fossils. The latter include 
Acrotreta sagittalis and Protospongz·a fenes
trata. A number of spheroidal blocks of 
"Stink-stone" have been found about 2 meters 
above the fragment l imestone (Subzone 5) at 
Forsemolla, and in loose fragments of these 
Agnostus atavus Tullb . and Liostracus sp. have 
been found. The first of these is  made the 
subzone fossil, although Moberg has expressed 
some doubt regarding the desirability of dis
tinguishing the zones on such evidence. (Col.  
6.  of ta ble ) 

Subznne 7 .  This is the Exsulans lz"mestone, the equivalent 
of which in  Bornholm was found to rest di
rectly upon the Lower Cambrian beds, while 
the Oelandicus zone i s  wanting there. Although 
this is not now shown i n  place in the rather 
unsatisfactorily exposed section of Scania, its 
stratigraphic position has been carefully deter
mined along the line of the V er ka River, 
where we were enabled to study these zones 
in 19 1 O, under the guidance of the late Pro
fessor Moberg himself. 

Bes i des the guide fossil Conocoryphe ( Cte?Wcephalus ) 
exsu!ans Linrs. these beds contain Paradoxides tessim·, P. 
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palpebrosu s Linrs . and a variety of P. ltz"cksi Salter, be
sides a number of other species l isted in Table I Col . 7 .  

Unfortunately from the matmer of outcrop , neither the 
character nor the full thickness of these beds could be 
obtained but the latter is almost 1 . 5 meters or a litt1e 
more . The fossils occur in spheroids ( concretions? ) in a 

somewhat disturbed mass of shale. 
Subzone 8.  This is exposed a l ittle further south on the 

bank of the stream, for a thickness of 1 � 
meters. The subzone consists primarily of 
shales, in which fossils are abundant .  These 
are the original tessini-hz"cksi beds of Tullberg 
for both these species of Paradoxz"des occur 
here together with other trilobites listed in 
Col. 8 of the table. Lower down in this sec
tion, and perhaps a meter or so below the 
shales, occurs a band of "Stink-stone" with 
Agnostus f·issus and A gz"bbus which may be 
a part of this subzone or belong to the one 
next below, since these species are character
istic of both subzones . 

Subzone 9 ·  This i s  partly exposed some 7 50 meters S. E 
of the preceding but as in the other case the 
exact thickness cannot be ascertained. The 
zone fossil is Ag11ostus z"ntermedius and with 
it occurs Paradoxides tessz"ni and the other 
species li sted in Col . 9 of the table. 

SubzMte I O . Thi s is exposed half-way bet:ween the last 2 
localities, but l 00 meters or more southwest 
than the line connecting them . It consists of 
Alum shales with Agnostus rex Barrande and 
Paradoxides tessz:1zi and the other fossils listed 
in Col . l O of the ta ble . 
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As in the other cases, the prectse thickness 1s not 
ascertainable. 

SubzoJZe I I . This  and zone 1 2  are exposed on the Saw 
Mill Creek, a tributary of the Verka, some 
300 and 1 50 meters respectively west of the 
junction with the Verka. The material i s  
Alum shale and the zone fossil is CoJZocoryphe 
aequalis.  P. tessz.JZi has not been specifically 
identified from this  horizon, but the other 
fossils ( Col . 1 1  of ta ble) all y it more closely 
with the P. tessini zone, and it i s  regard
ed as forming the highest subzone of that 
division, although as before stated Moberg 
included the P. davidis zone ( zone 1 2 )  be
cause it is  of the same lithological character 
as zone 1 1 . 

The 
Exsulans 
Sweden. 

Tessini zone, or at !east, its basal portion, the 
l:mestone is also known from other parts of 
In southern Oeland it has a thickness of 1 1  

cm, and rests directly upon the Acrothele granulata con
glomerate. This is a remarkable bed, which forms the 
base of the Tessini zone in Oeland and is apparently the 
Conglomeratum calcareum mentioned in 1 8  5 1  from this 
region by Angelin. It abounds in the brachiopods Acrothele 
granztlata and contains also Hyolithes socialis and Paradox
ides tessim·. 

This conglomerate, resting as i t  does on the Paradox
ides oelandz"cus beds, is undoubtedly to be regarded as a 

basal bed of the transgressing sea, and this indicates a 

pronounced disconformity between the Oelandicus and Tes
sini zones. Since the shells of A. granulata occur between 
the boulders, it is probable that this represents a subaereal 
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conglomerate subsequently covered by the sea, the brachi
opods living in the protected interstices between the 
boulders. 

Unlike its development in the Andrarum region , where 
the middle portion of the Tessini zone is ma inly an alum
shale, its character on the Island of Oeland is generally 3 

slabby, aften calcareous saridstone in which sometime layers 
with cone-in-cone structure are developed. Sometimes the 
sandstone altemates with greenish-blue clay resembl ing that 
of the underlying Oelandicus zone. Sometimes dlipsoids 
of a greenish-gray l imestone are found in the calcareous 
sandstone. At Borgholm and several other localities, boul
ders or concretionary layers of green "stink-stone" occur 
in the highest part of the zone . 

At Borgholm c ity the thickness of the Tessini zone reaches 
2 5  to 3 0  meters but in the northernmost part of Oeland 
it appears to be missing. In some sections boulders of 
grc.:::n "stink-stone" with layers of sandstone, bearing 
Ellipsocephalus muticus Ang. occur, and these indicate the 
former wider extension of the zone. On the northwest 
promontory of Oeland, J. G. Andersson! found evidence 
that the Upper Cambrian ( i . e. Cambrovician ) Obolus apol
linis beds were deposited directly upon Oelandicus strata, 
the Tessini zone being absent, (probably through post-mid
Cambrian erosion) . At Horn on Oeland the Obolus con
glomerate which underlies the Dictyonema shales, rests 
directly upon the beds of the Tessini zone. In the cement 
of the conglomerate are found, besides Obolus apollinis 
Eichwald, a mixed assortment of Paradoxides tessini, Olams 
gibbosus Wahl. and Agnosti. 

1 J. G. Andersson Ueber Cambri sche und Sil urische Phosphorit
f ulnende Gesteine. 1896, p. 37. 
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In Våstergotland the Tessin i zone is found at various 
localities, though at the Kinnekulle it is only a few cent
imeters thick. Both P. oelandicus and P. tessini have been 
recorded from Oestergotland and the Tessini zone is re
ported from Nårkc, W. Dalarne and Jåmtland provinces. 
In Narke a blue-green lamellated clay shale carries embedded 
l imestone Iayers with Par. tessz'ni. A dark bituminous 
li.-;�estone conglomerate covers it and fills cracks in its upper 
part. This l imestone conglomerate contains Agnos!tts pz'st'
formis and Acrothele coriacea, the former an Upper Cam
brian, the latter an Andrarum Jimestone (P. forchhammerz· 
zone ) species. This again illustrates the Middle-Upper 
Cambrian disconformity. In Jåmtland the zone is poorly 
represented by alum shale and foetid  l imestone. In Lapland 
too this  zone is believed to occur, being represented by 
boulders in Stensele and Wilhelmina parishes. These pro
bably belong to the Lapland embayment. 

DAVIDIS ZoNE. ( Subzone I 2. ) This zone appears not to 
differ Iithologically from the anthraconite-bear
ing alum shale, which l ies between the Ex
sulans and Andrarum Iimestones, and includes 
zones 8 - 1 3 .  It however, marks the first ap
pearance in this region of ParadoJ.-·ides davidt:s, 
which is  abundant. Paradoxides tessz'ni still 
l ingers, but is very rare and Paradoxz'des bra
chyrhachz's is also rare. The remainder of 
the fauna so far as recorded is made up of 
7 species of Agnostus . Among them is A. 
punctuosus Ang. ( See Table I co l. 1 2 ) 

This  zone has positively been identified in Sweden 
only at Andrarum, but it may also occur at Kiviks Esperod, 
and perhaps at Baskemolla, and a few other localities. In 
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none of them however has Paradoxides davidis i tself been 
found, but Agnostzts pmzctuosus, which is one of the as
sociated fossils at Andrarum, occurs in these loca.l ities  
mostly in loose blocks, and has been regarded as  a secondary 
guide fossil. 

1f it  is true that the Davidis zone is generally wa.nt
ing, except in A ndrarum and in Bornholm, while the next 
succeeding Forchh::tmmeri zone is widespread, we have 
here further evidence of the discontinuity of sedimentation 
and the existence of a more or less pronounced hiatus be
tween the zones. 

Subzo;ze I 3· Tnis i s  the highest division of the Alum shales 
but it conta ins no Paradoxides davidis, and 
the only fossil found in it, Agnostus lundgrmi 
Tu1lberg, associates it rather with the overly
ing P. forchhammeri zone. The entire thick
ness of th is sha.le senes ( subzoncs 8- 1 3 
inclusi ve) i s  1 5-1 7 meters. 

FoRCHHAMMERI ZoNE. TnE ANDRARUM LIMESTONE Thi s  
limestone is  a weU-marked li thologic un it, which has long 
been known as  the most important representative of the 
Paradoxides beds of Sweden , althoug-h i ts position near the 
summit of that ser ies was recogn ized much later . At An
drarum its thickness varies from 0 . 6  to l meter , and 
Moberg has separated it into 2 subzones, a lower Ifyolithes 
limestone, followed by the main Andrarum limestone with 
trilobites. 

Subzone I 4·  Tite Hyolit!tes limestmze. This l imestone for
merly classed as a part of the Andrarum, is 
according to Moberg a thin band, which lies 
0 . 3  meters below the Andrarum limestone pro
per and is  seen to rest directly on the shales 
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of  subzone 1 3 . I t  i s  rich in Hyolithes, both 
species and individua1s ,  and Moberg says that 
it is possible that H. obscurus Holm, recorded 
from the Andrarum l imes tone, rna y actuaTly 
belong in this bed, though he does not deny 
the possibility that some of the species may 
continue upward. Moreover he notes that a 
number of the typical Andrarum brachiopods 
and Agnosti already appear in the Hyolithes 
limestone. The shales in which this limestone 
is embedded are rich in Protospongia fenesb/ata. 
(See column 14 of table) 

Subzone I 5.  The Andrarum limestone. ( Sens. stri et. ) 
This is characterized by Paradoxides forchhammeri 

and Centropleura loven·i, besides a large number of other 
trilobites, including some 1 4  species of Agnostus. Brachio

pods are likewise characteristic of this rock. ( See col . l 5 
of table) 

This zone is  rather widespread in Sweden though it is  
not always developed as limestone. The latter is  chiefly 
developed in Scania, where at the type locality in Andrarum, 
its thickness ranges up to l meter. At Kiviks Esperod it 
is only 0 . 6  meters thick. At Læsaa in the Island of Born
holm as we have seen, it is 0 . 8 5  meters thick, but at Oie 
Aa in that i sland it i s  only O .  () 5  meters. Besides a num
ber of other localities where it  occurs in Scan ia, i t  is occa
sionally representecl in other provinces. Thtls in Våster
gotland, a sl ight development occurs near the Kinnekulle, 
where it is included in the 6 . 4  meters which separate the 
Upper Cambrian from the Lower Cambrian Lz"ngula sand
stone, though the exposures are very poor. In Oestcrgot
land there i s  a dark l imestone with Paradoxides forch-
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hammeri underlying the Agnostus laevzg·atus zone, while 
clsewhere in that province foetid l imestone in alum shale 
contains P. forchhammen.· and represents this zone. In 
Nårke, P. forchhammeri has been obtained from alum 
shale. 

There is however another very significant facies of this 
horizon in Sweden and that is  the so-called Exporrecta 
conglomerate, a conglomerate-like limeston e, crowded with 
Billingsella exporrecta (Linrs. ) This occurs in Oeland, 
where hmvever it is sporadic and it is also found in Vås
tergotland in Nårke and in Jåmtland Province, and has even 
been recorded from the pari sh of Stensele in Lapland. It 
is possible that thi s  limestone conglomerate, like the At:ro
thele granulata conglomerate at the base of the Tessin i 
zone, records an interval of exposure either preceding or 
succeeding the invasion of the sea with P. forchhammeri. 

Trm AGNOSTUS LÆVIGATUS ZoNE. This is made the high
est division of the Middle Cambrian,  being followed directly 
by the basal Upper Cambrian beds, with .AgJZost?ts piszjor
mz"s, which by overlap may rest on various horizons. These 
A. lævigatus beds are not very we11 developed in Scania, 
where shales with the zone fossil overlie the Andrarum 
limestone, which however also contains that species of 
AgJZostzts. In Bornholm, as we have seen, some 2 meters 
of anthraconite-bearing alum shale with this fossil overl ie  
the Andrarum limestone and represent this zone. The zone 
is typ ically developed in Våstergotland, where besides the 
zone fossil A. lævigatzts, it is characterized by Liostracus 
.costatus and the ostracod, Leperditz"a primordialz"s. In this. 
region it reaches a thickness of from 3 to 4 meters, and 
has been divided into 3 subzones, an upper with AgJZostus 
exsculptus (Exsculptus beds ) a middle with Leperdilia 

prz·mordz"alis and a lower without Leperditia. 
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This zone is widespread in Våsterg6t1and and also 
occurs in Oesterg6tland. Even in Lapland some boulders 
have been found, which are believed to represent this hori
zon, and strata with Agnostus lævigatus have been reported 
from the Province of Våsterbotten in the far north-east. 

THE FAUNA. In table I, the Middle Cambrian fauna 
of Scania is listed so far as I have been able to obtain 
the record. While it may not be complete, it represents at 
least the distribution of the most characteristic and typical 
species. As such it again shows the remarkable dissimilarity 
of the zoncs. It will be remembered that the Oelandicus 
zone is virtually absent, though it is believed to be repre
sented by the fragment limestone and the underlying Rits
kiffer. These beds have only furnished specifically unidenti
fied brachiopods and Hyolithids. The over-lying alum shalc 
( subzone 6) has furnished Agnostus atavus and Acrotreta 
sagittalis, the first restricted to it, the second occurring in 
the Tessini as well as the Forchhammeri zones. All of 
these beds are absent in the Bornholm sections,  where the 
Exsulans limestone lies directly upon the Lower Cambrian, 
thus emphasizing the basal disconformity and hiatus in this 
section. It will be remembered moreover, that in other 
sections, the Protolenus or Hanf or di an beds, and in one case 
at least, the Dugaldian Series unclerlie the Paradoxides 
Becls and separate them from the Lower Cambrian. w·ith 
the Exsulans limestone, the Tessini zone shows a typical 
development in Scania. In Oelancl, it will be remembered 
it begins with the remarkable Acrothele granulata conglo
merate, which marks the hiatus between the Oelanclicus and 
Tessini zones. A. ( Redlichella) granulata is not known 
from Scania or Bornholm, but is a characteristic species of 
the limestone of the P. oelandicus zone at Borgholm on the 
island of Oe1and . Its occurrence in the basal conglomerate 



MIDDLE CAMBRIAN OR ALBERTAN PULSATION 385 

of the Tessini zone therefore clearly indicates the distinct
ness of those two periods of deposition. As it has also 
been reported from Jåmtland, it indicates an original wide 
distribution of the Oelandicus zone. 

The Tessini zone is essentially a unit and the localized 
distribution of the species with the various subzones and 
their abundance in the Exsulans limestone, is probably an 
effect of the facies. As we have seen the shale immedi
ately above the Exsulans limestone m Bornholm, still 
carries the Tessini fauna but its maximum thickness is 
only 1.4 meters, followed by 0. 2 meters of calcareous 
beds wi th the Da vi dis fauna. On the other hand, the 
Exsu1ans limestone at Andrarum is succeeded by 16 to l 7 
meters of shale, the greater part of which still carries the 
Tessini fauna, the Davidis fauna coming in only in the 
upper part. Moreover, the Exsulans limestone of Andrarum 
is more than 6 times the thickness of that limestone in 
Bornholm. In Kiviks-Espcrod Scania, the shale between 
the Exsulans and Andrarum limestone has been reduced to 
l:� meters, the limestonc itself being even thinner than on 
Bornholm. This extensive cutting out of Tessini shales 
and the reduction of the limestone in Bornholm, suggests 
� disconformity, and this as we have seen is clearly in
dicated by the faunas of the two zones in Bornholm. At 
Andrarum, the distinction is also shown, though not so 
pronouncedly. Of the 8 species recorded from the Davidis 
zone, 2 have come up from the underlying Tessini zone. 
Onc of these is Ag!Zostus mtdus scanims Tullberg and the 
other is Paradoxides tessini. The latter however, is very 
rare. When it is remcmbered however, that the sha1e of 
the Davidis zone at Andrarum is of the same type as that 
of the Tessini zone, and that no marked lithic boundary 
.is seen, we shonld expect, if there was a hiatns between 
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the two, that the weathered Tess ini shales, were reworked 
by the advancing Davidis sea and that hence, same of the 
remains of the underlying zone are secondarily enclosed in 
the new horizon. This I say, is a possi bility although I 
certainly do not intend to stress this explanation. 

The Forchhammeri zone of Scania is again distinctive. 
Of the 88 specifically identified species recorded from the 
Andrarum limestone, 4 ha ve als o been recorded from lower 
horizons. These are Agnostzts fallax ferox which is also 
found in the Davidis zon e, Erynnia breviccps, which is also 
found in the upper subzone of the Tessini beds, Arcotreta 
sag-ittalis which is characteristic of the lower Tessini zones 
and the ubiquitous Protospongia femstrata. The latter 
may be disregarded for its spicules are spread widely 
wherever the clays of older series are incorp orated in 
younger beds. The Acrotreta sagittalis may or may not 
be iclentical in the two horizons, or it may be a form 
which, as in Bornholm , ranges throughout the series, recurr
ing in nearly all the zones. 

Agnostus fallax ferox is recorded from 
and Forchhammeri horizons of Sweden, though 
is characteristic of the Tessini horizon in 
Bornholm. 

the Davidis 
the species 
Scania and 

With the exception then of these few wide-ranging 
forms, the faunas are clistinct and clearly represent in
dependent invasions from the center of distribution and 
evolution. 

The Soutlzenz Norway Region. 

In the vicinity of Chri stian ia or Oslo, a group of early 
Palæozoic strata is faulted down in the form of a graben 
between two masses of crystalline pre-Cambrian rocks. This 



B
o

n
�h

o
lm
/ 

�
ti

 
'"Ij

 
T

a
 bl

e 
I 

(b 
il' 

o 
ti . 

<: 
'"j 

U'; 
..

...... 
(') 

-·"'
 

::Y'
 

2. 
;:--, 

::Y'
 

I'a
ra

do
xi

dc
s 

Bc
ds

 o
f 

S
ca

n
ia

 
'J. 

Pl 
N

N
 N

B 
o 

' 
:l 

o 
o 

8 
Cl 

;:l 
;:l 

rt 
(l) 

o 
�. 

S
u

b
z

o
n

e
s

 
1 

2 
3 

-
-

�---
·-

Sp
o11

gi
d(c

 
1 

P
ro

to
sp

o
n

g
ia

 
fe

n
cs

tr
a

ta
 

S
a

lt
. 

-
-

-

Br
ac!

up
od

a 
1 

B
il

li
n

g
se

ll
a 

ex
po

rre
cta

 L
in

n
r

s
 

-
-

-

2 
L

in
g

u
le

ll
a 

sp
. 

-
-

-

3 
A

c
r

o
tr

e
ta

 
sa

g
it

ta
li

s 
(S

al
te

r)
 

X
 X

 
X 

4 
A

c
r

o
tr

e
ta

 
so

cia
lis

 v
. S

e
e

b
a

c
h

 
X

--
X

 

*5
 

A
cr

ot
he

le 
c

o
r

ia
c

e
a

 
L

in
n

rs
. 

X
-

X
 

t6
 

A
cr

ot
he

le 
g

ra
n

ul
a

ta
 

-
-

-

*7
 

A
c

ro
th

e
le

 
in

te
n

n
e

d
ia

 
L

in
n

rs
. 

X 
8 

Ip
hi

de
lla

 o
rn

at
el

la 
L

in
n

r
s

. 
X

-
X

 
9 

M
ick

w
itz

ia 
p

u
si

ll
a

 
(L

inr
s.)

 
-

--
X

 

lO
 

A
c

ro
t

r
e

ta
 s

p
. 

-
-

-

11
 

A
c

r
o

th
e

le
 

sp
. 

-
-

-

12
 

Ob
ol

cll
a 

sp
. 

-
-

-
-

. 
-

S
c

a
n

i
a

 
Sw

e
d

cn
 

o 
ti 

Cl 
il' 

Ø;-' 
<: 

:;l e-: 
&. 

T
c

ss
in

i 
Zo

ne
 

:r. 
Cl 

N
C

 
o 

(J) 
:l Cl 4 

5 - -
·-

-
-

-
-

X
 

X
 

-
-

6 
7 --· -

-

X
-

-
-

X
 

X
 

X
 

X 
-

--
-

-

X
 

-
-

-
-

-
--

-
-

X
 

X
 

? 
X

 

X
 

N
 

o ;:l lb 

8 
9 

lO
 11

 12
 

-
-

-
-

-·- -
-

-
X

-
X

-

-
-

-
-

-

-
-

-
-

-

-
-

-
-

-
-

-
-

-
-

-

-
-

-
-

-

-
-

-
-

-
-

'"Ij 
r Ill 

o 
Cl 

.., 
� . 

(')
 ::Y'
 

:rq
 

::Y'
 

p.l 
Ill 

..
... 

N
8 

!;: "' 
o 

8 
N

 
;:l 

Cl 
o 

o 
:::!.

 
:l �

-
13

 14
 15

16
 

-
-

-
···-

-
X

 
X

 

-
-

X
 

-
-

X
 

-
-

X
 

-
-

X
 

-
-

X
 

-
-

X
 

�,.
 

.:
:.. 

�
 u ti r
 

..
... 

,
., n

 � �
 s; ;:c
 

�
 

>
 z o ;;v
 > t'"' ::o
 

.,.
. 

,
., - (�

 
�

 > :z '"O
 � (fl
 � �
 o L: "'
 

00
 

--1
 



T
a

 b
le

 
I 

(C
on

tin
ue

d)
 

S
ub

zo
n

e
s 

l 
2 

3 
4 

5 
6 

-
-

--· -
-

-
-

-

Ga
str

op
od

a 
et

c.
 

1 
M

e
to

p
to

m
a 

b
ar

ra
n

d
ii

 L
in

n
rs

. 
X

 -
-

-
-

-
2 

H
y

ol
it

h
es

 o
b

sc
ur

us
 

H
ol

m
 

-
X

 -
-

-
-

3 
H

y
ol

it
h

es
 e

xc
av

at
us

 H
ol

m
 

-
-

-
-

-
-

4 
H

y
ol

it
h

es
 t

en
ui

st
ri

at
us

 L
in

nr
s. 

-
-

X
-

-
-

5 
H

y
ol

it
h

es
 s

o
ci

al
is

 L
in

n
rs

 
X 

X
 -

-
-

-
6 

H
y

o
li

th
es

 
sp

. 
-

-
-

X
 

7 
O

rt
h

ot
h

ec
a 

af
fi

n
is

 H
o

lm
 

-
X

 -
-

-

8 
O

rt
h

o
th

ec
a 

li
n

ea
tu

s 
H

ol
m

 
-

X
-

-
-

-

Tr
ilo

bi
ta

 
l 

A
cr

oc
ep

ha
lu

s 
st

en
om

et
op

us
 

(A
n

g
.)

 
-

-
-

-
-

-
-

2 
A

g
n

os
tu

s 
at

a
vu

s 
T

ul
lb

. 
-

-
-

-
-

X
 

3 
A

g
n

os
tu

s 
ac

ul
ea

tu
s 

A
n

g
. 

-
-

-
-

-
-

-
4 

A
g

n
os

tu
s 

bi
tu

be
rcu

lat
us

 A
ng

. 
-

-
-

-
-

-
5 

A
g

n
os

tu
s 

b
re

vi
fr

on
s 

A
n

g
. 

-
-

X
-

-
-

6 
A

g
no

st
us

 e
x

sc
ul

p
tu

s 
A

n
g

. 
-

-

X
-

-
-

7 
A

g
n

os
tu

s 
fa

ll
ax

 A
n

g
. 

X
-

-
-

-
-

8 
A

g
no

st
us

 
fa

lla
x 

fe
ro

x
 T

b
g

. 
X

 X
 X

-
-

-
9 

A
g

n
os

tu
s 

fi
ss

us
 L

un
d

g
r.

 
-

-
-

-
-

-

lO
 

A
g

n
os

tu
s 

g
ib

b
u

s 
L

un
d

g
r.

 
-

-
-

-
-

-

11
 

A
g

n
os

tu
s 

g
la

n
d

if
or

r
nl

s 
A

n
g

. 
-

-
X

-
-

-

12
 

A
g

n
os

tu
s 

k j
er

ul
fi

 
B

ro
g

g
er

 
-

X
-

-
-

-
13

 
Ag

no
stu

s 
la

ev
ig

at
u

s 
Da

lm
. 

-
X

 
X

-
-

-
14

 
A

g
n

os
tu

s 
lu

n
d

g
re

n
i 

T
ul

lb
. 

-
X

-
-

-
-

15
 

A
g

n
os

tu
s 

n
at

h
or

st
i 

Br
og

ge
r 

-
X

-
-

-
-

*1
6 

Ag
no

stu
s 

nu
d

us
 B

ey
r.

 
? 

7 
8 

9 
10

 11
 

-
-

-· -
-

-
-

-

X
 

-
-

-
-

-· 
-

-
-

-
-

-
-

-
-

-

X
 

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-

-
-

-
-

-

-
-

-
-

-

-
-

-
-

-
-

-
-

-
-

-
-

X
 X

 
X

 X
 X

 
-

-
-

-
-

X
 X

 
X

 X
 

-
-

-
-

-

-
-

-
-

-

-· -
-

-
-

-
-

-
-

-
-

-
-

-
-

12
 13

 14
 15

 16
 

-
-

-
--· -

-
-

-
-

? 
X 

-
-

X
 

-
-

X
 

-
-

X
 

-
-

X
 

-
-

-

X
 

·--
-

X
 

-
-· -

X
 

-
-

-

X
 

-
-

-

X
 

X
-

-
X

 

-
-

-

X 
-

-
-

X
 

-
-

-
X 

X 
-

x
-

X 
-

-
-

X
 

�
 

00
 

00
 >- � ø id > t;O > c 



T
ab

le
 

I 
(C

 on
tin

ue
d)

 
S

ub
zo

n
es

 

Tr
i!o

bi
ta

 (
co

n
t.

) 

1
7

 
A

g
n

os
tu

s 
n

ud
us

 m
ar

g
in

at
us

 B
ro

g
g

. 
18

 
A

g
n

os
tu

s 
pa

rv
if

 ro
ns

 
L

in
n

rs
. 

*
19

 
A

g
n

os
tu

s 
p

ar
vi

fr
on

s 
m

am
m

il
la

tu
s 

B
ro

g
g.

 
* 2

0
 

A
g

n
os

tu
s 

p
ar

vi
fr

on
s 

n
ep

os
 B

ro
g

g
. 

2
1

 
A

g
n

os
tu

s 
p

ar
vi

fr
on

s 
L

in
rs

 v
ar

. 
2

2
 

A
g

n
o

st
u

s 
p

la
n

ic
au

d
us

 A
ng

. 
2

3
 

A
g

n
os

tu
s 

q
ua

d
ra

tu
s 

T
ul

lb
. 

24
 

A
g

no
st

us
 e

le
g

an
s 

T
ul

lb
. 

2
5 

A
g

n
os

tu
s 

in
ce

rt
us

 B
ro

g
g

er
. 

2
6

 
A

g
n

os
tu

s 
n

ud
us

 s
ca

n
ic

us
 T

ul
lb

. 
2

7
 

A
g

n
os

tu
s 

p
un

ct
uo

su
s 

A
n

g
. 

2
8

 
A

g
n

os
tu

s 
p

us
il

lu
s 

T
ul

lb
. 

2
9

 
A

g
n

os
tu

s 
b

ar
lo

w
i 

(B
el

t)
 

30
 

A
g

n
os

tu
s 

re
x

 B
ar

r.
 

(A
 c

ice
r 

Tb
g)

 
31

 
A

g
n

os
tu

s 
in

te
rm

ed
iu

s 
T

ul
lb

. 
3

2
 

A
n

om
oc

ar
e 

ex
ca

va
tu

m
 A

ng
. 

3
3

 
A

n
o

m
oc

ar
e 

la
ev

e 
A

n
g

. 
34

 
A

n
om

oc
ar

e 
li

m
b

at
um

 
A

n
g

. 
3

5
 

A
n

eu
ra

ca
n

th
us

 a
cu

ta
n

g
ul

us
 A

n
g

. 
3

6
 

A
g

ra
u

lo
s 

c
if

fo
rm

is
 

A
n

g
. 

37
 

A
g

ra
ul

os
 d

if
fo

i·m
is

 a
cu

m
in

a
tu

s 
A

n
g

. 
38

 
A

g
ra

ul
os

 d
if

fo
rm

is
 a

cu
le

at
us

 A
ng

. 
3

9
-

C
on

oc
or

y
p

h
e 

(C
te

n
oc

ep
h

al
us

) 
la

ti
ce

p
s 

An
g. 

40
 

C
on

oc
o

ry
p

h
e 

ae
q

ua
li

s 
L

in
n

rs
. 

41
 

C
on

oc
or

y
ph

e 
d

al
m

an
i 

A
n

g
. 

1 
2

 
3

 
4 

5 
6 

7 
8 

9
 

10
 11

 12
 

-
-

--
-

-
-

-
-

-
-

-
-

-
-

-

-
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

 

13
 14

 
-

--

-
-

=
l=

 
-

-

-
- - - -
-

-
-

-
-· -- -
-

-
-

15
116

 
-

--
-

X X X X
 

X
 X

 
X

 
X

 
X

 X X X I 

s: - t1 t1 � � (') >- ::;.;
 

""'
 

co
 10 - >- z o 10 > ..

..
 0:! :r. � � z '"d
 c: - (!l � - o z � 



�-
· -

-
�. 

�-� 
T::t

bl
e 

I 
( (

 on
t i m

u:d)
 

S
u

b
z

o
n

e
s 

l 
2 

3 
4 

�--
-

-

Tr
ilo

bi
ta

 (
co

n
t.

) 

42
 

C
on

oc
or

y
ph

e 
(C

te
n

oc
ep

h
al

us
) 

ex
su

la
n

s 
A

n
g

. 
x

-
-

-

43
 

C
o

n
o

co
ry

p
h

e 
(L

io
ce

p
h

al
us

) 
im

p
re

ss
a

 L
in

rs
. 

X 
-

-
-

44
 

C
o n

o
co

ry
ph

e 
te

n
ui

ci
n

ct
a 

L
n

rs
. 

X
-

-
-

45
 

C
o

n
o

co
ry

p
h

e 
g

la
b

ra
ta

 
A

n
g

. 
-

-
X 

46
 

C
en

tr
o

p
le

ur
a 

lo
ve

n
i 

A
n

g
. 

-
-

X
-

47
 

C
o

ry
n

cx
o

ch
us

 s
p

in
ul

os
us

 A
ng

. 
-

-
-

-

48
 

D
o

li
c

h
o

m
et

o
p

u
s 

su
c

ci
cu

s 
(A

ng
.) 

--
-

-
-

4
9

 
E

ll
ip

so
ce

p
h

a
lu

s 
m

u
ti

c
us

 
A

n
g

. 
-

-
-

-

50
 

E
ry

n
n

ia
 b

re
v

ic
e

p
s 

(A
n

g
.) 

-
-

X
 

-

51
 

L
io

st
ra

cu
s 

li
n

n
ar

ss
o

n
i 

B
ro

g
gc

r.
 

X
 

-
-

-

52
 

L
io

st
ra

cu
s 

ac
ul

ea
tu

s 
A

n g
. 

-
--

-
-

53
 

L
io

st
ra

cu
s 

m
ic

ro
p

th
al

m
u

s 
A

n
g

. 
-

-
X

-

t5
4 

L
io

st
ra

cu
s 

co
st

at
us

 A
ng

. 
-

-
-

-

55
 

M
ic

ro
d

is
cu

s 
eu

ce
n

tr
us

 
L

in
n

rs
. 

X
 

X
 

-
-

56
 

M
ic

ro
d

is
cu

s 
sc

an
ic

us
 L

in
n

rs
. 

X
 

-
-

-

57
 

P
ar

ad
o

x
id

es
 f

o
rc

h
h

am
m

er
i 

A
ng

. 
-

-
X

 
-

58
 

P
a

ra
d

o
x

id
es

 d
a

vi
d

is
 S

al
te

r 
-

X 
-

-

5 
6 

7 
8 

9 
to

i11
 

--� -
-

-
-

X
 

-
-

X
 

-
-

X
 

-
-

-

-
-

-

-
-

-

-
-

X
 

-
-

-

-
-

-

-
-

X 

-
-�. -

-
-

-

-
-

-

-
-

-

-
-

-

-
-

-

-
-

-
-

-
-

-
-

-
-

X
 

X
 

-
-

- -
-

X -
-

-
-

-
-

--

-
-

-
- �- -

� 
-

X
 

X
 

X
 

-
-

-
-

-
X

 

-
-

-
-

12
 13

 
-

--

-
-

-
-

-
-

-
-

-
-

-
-

-
-

X 

' 
14

15
16

 
·--

-
-

-
X

 

-
X 

-
X

 

-
X

 

-
X

 

-�· -
X

 

-
>< 

� o
 

� � ø :;;;: > trj
 

;p
 c 



'----=-
· · -· -

-··- ..
.. 

. 
..

 
. 

. 
···- · 

� 
T

ab
le

 
I 

(C
on

clu
dc

d)
 

S
u

b
zo

n
e

s 

Tr
ilo

bi
ta

 (
co

n
t .

) 

59
 

P
a

ra
d

o
x

id
e

s 
te

ssi
ni

 B
ro

ng
n. 

60
 

P
ar

a
d

ox
id

es
 b

ra
ch

irh
ac

hi
s 

L
n

rs
. 

6 1
 

P
a

ra
d

o
x

id
e

s 
h

ic
k

si
 

S
a

lt
e

r 

62
 

P
a

r3.
d

o
x

id
e

s 
h

ic
k

s.
i 

S
a

lt
. 

v
a

r.
 

63
 

P
ar

a
d

o
x

id
e

s 
p

al
p

eb
ro

su
s.

 
Ln

rs
. 

64
 

S
o

le
n

o
p

le
u

ra
 

b
ra

c
h

y
m

e
to

p
a 

A
n

g
. 

6
5

 
S

ol
e

n
op

le
u

ra
 c

a
n

a
lic

u
lat

a
 

A
ng

. 
66

 
S

o
le

n
o

p
lc

u
ra

 
p

ar
va

 
L

in
nr

s.
 

6
7

 
S

ol
en

o
p

le
u

ra
 b

ra
c

h
y

m
e

to
p

a 
a

lu
ta

c
ea

 
Gr

on
wa

l_l 
6

8
 

So
len

op
leu

ra
 h

u
lo

m
e

to
po

a 
A

ng
. 

Of< 
Ci

te
d 

fro
m 

S
ca

n
iå

. 
Ex

ac
t 

ho
riz

on
 n

ot
 k

n
o

w
n

 

1 
2

 
-

-
-

X 
X 

-
-

X
-

-
-

-
-

- � -

-
-

X
-

-
-

-
-

3
 

4
 

5
 

6
 

7 
8

 
-

-
-

-
-

-
·- -

-
-

-
-

X 
X 

-
-

-
-

-
-

-
-

cf
 -

-
X 

-
-

-
-

X 
-

-
-

-
X 

X
-

-
-

-
-

X
--

-
� -

-

-
-

-
-

X 

X
-

-
-

-
-

X 

t -� + 

Fr
om

 O
e

la
n

d
ic

u
s 

Z
o

nc
 

of
 O

e
la

n
d

 
(b

a'l
al

 
T

es
si

n
i 

C
o

n
g

1o
m

e
ra

te
.)

 

F
ro

m
 W

es
te

rg
ot

la
nd

 o
nly

. 

9
 1

0
 

· --
· 

X 
X 

-
-

-
- - ·- -
-

11
 1

2
 

·- - ? 
X 

-
X 

-
-

-
-

-
-

13
 1

4
 

-
-·· 

-
-

-
-

-
-

15
 1

6
 

-
-

-

X X X 

� ..
.... b b t'"" :-r1 � � t:
:t1 � ..
... � z o � � ..
.... � !:Tl � � z '"Cl
 c: '"
"" � ..
.... o z � ..
.. 



392 A. W. GRABAU 

"Osl o Gr aben" a s  it is call ed, cont ains th e ent ire basal 
port ion of the Palæozoic, so far as t hat w as dep osited. 
As w e  ha ve alre ady seen (ante page 9 5 ( I 2 I) ) the 
L ow er C am br ian ends with t he Strenuella lz"nnarssoni lime
stones an d th i s  i s  followed disconformably by basal con
glom er ates, which locally overlap, and characterize the 
transgressing sea. The Paradoxides oelandicus zone is 
wan ting, the first fossiliferous bed repr esenting the Tessini 
z one.l 

The 
l. 
2. 

leadin g f ossils of the Te ssini zone are: 
A c1/othele granulata 
Acrotreta sagittalis (Salt.) also in Forchhammeri 
zone 

:�. H;'olz"thes tenuistr,iat'l!-s Linrs. 
4. Agnostus gibbus Linrs. 
5. Agnostus hybridus 
6. Agnostus falla:r: A ng. 
7. Liostracus linnarssmzi Brog g. 
8. Conocoryphe sulzeri B arr. 
0. Conocephalites ornatus Brog g. 

l O. Paradoxides rugulosus Cor da 
11 . Paradoxides tessini Br ongn. 
Of these No. l, it wi ll be remembered, is ch ar act er i stic 

of the Oelandi cus zone and the bas al congl om er atc of the 
Tessini zone in O ela nd. It s m ode of occur rence in Nor
way has, so fa r as I know, not been r ec or ded. No. 2 is 
a wi despread br achiop od f ou nd in m ost of the higher z ones 
as well. N o. 3 has been rec or ded fr om B ornh olm only 
in the Andrarum l im est one, an d from Scania in the shales 
of zone 14, just below that limest on e, but in the F orch
hammeri zone, and its oscur rence in the Tess in i  z on e  of 

1 Broegger \N. C. Die Silurischen Etagen l, 2 und 3 im Kristia
niagebiet. Universitatsprogramm, Kristiania, 1882 
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the Oslo region is unique. Agnostus gibbus occurs in the 
Tessini zone of Andrarum an d A. hybridus ( 5) in that 
of Bornholm .  A. fallax, a s  we have seen , is wide rang
ing, occurring in the Tessini zone of Bornholm and the 
Davidis and Forchhammeri zones of Scania. Liostraczts 
liunarssoni (7) is characteristic of the Tessini zone of 
Scania and Bornholm,  but Conocoryphe sulzeri (8) a 
13ohemian form is doubtfully recorded from the Davidis 
zone of Bornholm. Conocephalzts or?Zatus has not been re
corded from either Scan ia or Bornholm. Pa1'adoxides rugu.:. 
losus, on the other hand, occurs in the Davidis zone, of 
Bornholm as well as in Bohemia. 

Except for the last mentioned species, and the doubt
fully recorded C01zocoryphe sulze1 i, there is no indication 
of the existence of the Davidis zone in the Oslo 
but the upper half of the Middle Cambrian ( ld) 
sents the zone of Paradoxides forc!thammeri. 

The species recorded from this zone are: 

regwn, 
rep re-

l. Billingsella exporrecta Linrs. also found m the 
Andrarum limestone of Scania 

2. Acrotreta socialis v. Seeb. also found m the 
Andrarum of Scania and Bornholm 

3. Acrotreta sagz.tta!is ( Salt. ) wide ranging 
4. Hyolithes plicatus 
5. Ag?Zostus su!catus Illing 
6. Agnostzts kjerulfi Brogg. recorded from the 

Davidis zone of Bornholm and the Andrarum 
(Forchhammeri zone ) of Scania 

7. AgrUJstus bnvijr01zs Ang. Andrarum limestone 
of both Scania and Bornhol m. 

8. Anomocare excavatum Ang. also characteristic of 
the Andrarum limestone of Scania and Bornholm. 
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9. Liostracus microphthalmus Ang. ( range as above) 
1 0. Solenopleura brachymetopa Ang. (range as above) 
11. Ellipsocephabts drculus Brogger 
12. Paradcxides jorchhammeri Ang. a wide-spread 

zone fossil of this horizon. 

Apparently the Laevigatus zone is absent, for the 
Forchhammeri zone is succeeded by ( 2d) the Upper Cam
brian zone of Agnostus pt:siformis and Olenus trlt1tcatus. 
The total thickness of the Middle and Upper Cambrian in 
this region is placed at 75 meters! but what part of this 
represents Middle Cambrian, I have not been able to as
certain. 

It thus appears that the Oslo region is mercly the 
western extension of the Scania-Bornholm district, b:1t so 
far as the evidence available goes, the Davidis zone and 
the Laevigatus zone are both wanting. 

The British Sections 

The sections in the western part of Great Britain. 
especially in Wales, lie within the Caledonian geosyncline, 
and hence represent extensive accumulations of clastic material. 
In the Midland country on the other hand (Shropshire, 
\Varwick, etc) we meet only with the overlapping wedges 
on the marginal plain. Consequently the beds there are 
much thinner and more incomplete, so far as the deposi
tion is concerned. 

NoRTH WALES SEcTION. This is the classical region, 
which furnished Sedgwick with his facts for the establish
ment of his Cambrian system. The Lower Cambrian, as 

today understood, is chiefly a continental senes, with the 
thickness ranging up to 4000 ft. A few fossils have been 
l Bubnoff, Loe. cit. p. 12. 
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f ound in the upper part (ante p. 8 6. I I 2). The Middle 
Cambrian on the other hand, is much more pronouncedly 
marine or with marine members in its upper portion. These 
have recently been studied in detail on St. Tudwal's Peninsula,. 
which is the southeastern extremity of the Lleyn Peninsula. 
that remarkable extension of Carnarvonshire, which separates 
Cardigan Bay from Carnarvon Bay. The outcrops are 
mostly along the shore, in the bay of Hell's Mouth on the 
west, and Cardigan Bay on the east (approximately 
Longitude 40:30' W., Latitude 52050'N.) The beds are 
moderately folded and faultedl. The succession here m 
descending order is as f ollows. 

LowER 0RDOVICIAN Arenig ( Extensus zone ) 
Llanengan mudstone, with Azygograptus 250ft.+ 
Tudwal sandstones and grits, with ex-

tenszfo1'm Didymograpti 300-400 ft. 

Iliatus and disco1iformz.ty 

Elsewhere in this region this interval is 
occupied by the Tremadoc flags and 
mudstones, 250 ft. or more in thickness 
and carrying Dicty01zema, and by the 
Dolgelly bcds. 

UPPER CAMBRIAN LINGULA FLAGS. 
Ffestiniog Beds with Lingulella davisi, 

gra y sandy shales & gr i ts, ex
posed :350 ft. 

1 Nicholas, Tressilian Charles. The geology of the St. Tudwal's 

Peninsula, Carnarvonshire. Quarterly Journal of the Geol. Soc. 

of London, Vol. LXXI, 1915, pp. 83-141, Geol. Map and plates. 

Also Notes on the Trilobite fauna of the Middle Cambrian of 

the St. Tudwal's Peninsula, ibid, pp. 451-472, pl. XXXIX. 
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Maetit,vro g  Beds. Blue & gray shales 
& grits with O!emts and Ag1Zostzts 
pisiformz"s, var obesus at the base ? 

Hiat?ts a1td Dz"scOJiformity 

Mn>nLE CAMBRIAN 
5. Nant-pig mud-stones 

Blue-black banded pyritous mud
stones Menevian fauna 

4. · Caered mud-stones and flags, 
Blue and green mud-stones and 
green flags, with Paradoxides hicksi. 

3. Cilan Grits. 
Coarse massive bluish gr its, with 
some interbedded green and red 
mud-stones 

2. Mulfran or Manganese beds 
Blue mud-stones, containing man
ganese and interbedded grits 

? 220 ft. 

f>OO ft. + 

1000 ft. 

450 ft. 

1. Hell's mouth grits, exposed part: 700 ft. 
Alternations of blue and green 
mud-stones with mass ive grits. 
Base of section not seen, 

Divisions l to 4 are correlated with the Harlech. 
·grits of Merionethshire, the county just south of Carnar
vonshire in North Wales, where the rocks are exposed 
along the east shore of Cardigan Bay from Harlech south
ward, and in the mountains of that region. A section 
�rom Cader Idris (2898 ft. ) in Merionethshire on the 
south, to Mount Snowdon (3690 ft.) in. Carnarvonshire 
in the north, approximately along ·the mer idian of 40 
longitude, shows on the whole a regular anticl ine betwecn 
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two synclines. The anticline is strongly eroded and forms 
the Harlech Dome of North Merionethshire, in which the 
succession is exposed in a series of rimming bands, which 
however, are broken on the coast. Both nc;>rth and south 
they pass under the Ordovician beds, which form these two 
high mountains. 

North of the Mount Snowdon syncline these beds ap
pear again on the surface and here, in the center of another 
anticline, the pre-Cambrian crystallines are exposed, and so 
the base of the series is shown. But the formations here 
have become thinner and the lower beds have changed from 
grits to shales. They rest with a basal conglomerate upon 
the pre-Cambrian rocks, and this is followed by a series of 
greenish and purple, and occasionally green slates, called 
the Llanber·z's slates. At the top of the series in the 
green slates the trilobite Conocoryphe vz'ola has been found, 
this representing the oldest fossil of the North vVales 
series. This fossil indicates Middle Cambrian, and thus it 
would appear that Lower Cambrian beds, if represented 
in this region, are entirely unfossiliferous. In the typical 
Harlech grit only so-called worm tracks have been found. 

In the St. Tudwal's section, no fossils whatever are 
lmown from the Hell's-Mouth grits nor from the Cilan grits. 
They likewise have not been found in the intervening Mul
fran mudstones, but the fact that these contain manganese 
beds has led to the hope that eventually fossils will be 
found. Similar manganese beds form a weU-marked horizon 
in the Harlech Dome. 

The Cilan grits appear to be purely continental, con
·taining pebble beds derived from various crystalline rocks. 

The Caered mud-stones on the other hand contain a 
:number of fossil zones, especially in their upper portions. 
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The fossils here found are given i
.
n Cols 9-11 of Table 

J. These all belong to the Pa1·adox-ides Mcksi zone, as 
does also the greater portion of the succeeding 220 ft. of 
the Nant-pig mud-stones ( see ·Cols 12-14, Tab1e J). Only 
the highest portion of these, occupying about 30 ft. of the 
strata is regarded as representing the Davidis zone, although 
Paradoxides davidt"s itself has not been found. It is rather 
because of the occurrence here of Agnostm kjeruift. which 
is a wide-spread fossil of the lower part of this zone. 
that these upper bcds are referred to the Davidis zone. 
( col. 15) 

One fact however, stands out conspicuously, namely 
the entire absence of the Paradoxt.des fo·rchhamme1�t· zone, 
which, as we have seen, is one of the richest fossiliferous. 
zones in the Middle Cambrian of the Baltic region. What 
is more significant is that throughout all the British sections 
this zone is absent, nor is there any positive evidence of 
its occurrence in the east American section. vVherever the 
succession has been fully studied, the Agnostus pis-iformis 
beds of the Upper Cambrian rest directly upon the P. 
davidz"s zone, and even this zone may scarcely be represented 
as in the St. Tudwal's section. As we shall see presently, 
there is evidence of a physical break in many sections, but 
this seems to be less marked in North Wales. Nicholas. 
indeed said, that in the Harlech Dome, where he ha.;; found 
only one place near Dolgelly where the contact is clearly 
shown, he was unable to recognize any indications of a 
physical disconformity (Loe. c#. p. l 04) 

There can be no question however, that the cliscon
formity does exist, and that it represents the break every
where seen between the Middle and Upper Cambrian. It 
is not impossible that beds representing the Forchhammeri 
zone were deposited in the British regwn and subsequently 
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removed by erosion, although it is also possible that they 
may never have been deposited. 

Whether the Menevian beds of North \Vaies represent 
continual deposition throughout the Tessini period, or whe
ther they were interrupted by minor retreats of the sea, 
does not appear to be indicated, since the fauna seems to 
be more or less continuous throughout except, in the upper
most bed (Col. 15) in which the trilobites at lcast are 
distinctive, though it is tied to the Iower horizons by the 
presence of the brachiopod A crotreta sagittalt"s, which is 
equally characteristic of the upper Nant-pig beds. 

SouTn WALES. A far more complete scction of these 
rocks is found in South Wales, on the promontory of St. 
Davids. Here Harkness and Hicks in 1871, first separated 
the :Menevian from the old "Longmyndian" Rocks,I which 
name was previously applied to the beds below the Lingttla 
flags. Subsequently, this name was restricted to the pre
Cambrian somewhat altered rocks of that region and the 
upper part of the sands and shaly rocks, ref erred to in 
1871 as Longmyndian, was separated as the Solva group 
or senes. 

In the typical section given by Harkness and Hicks,2 

the lower membcrs of their original Longrnyndian B and C, 
are unfossiliferous, but rest unconformably on the pre-Cam
brian, more or less metamorphosed arkoses or ·vo1canics 
(Division A). The lowest of the Cambrian beds (Division 
B) is a conglomerate 60 ft. in thickness and this is fol-

1 The true Longmyndian are pre-Cambrian, or possibly early 
Cambrian , developed in Shropshire. 

2 Harkness R. and Hicks, H. C. On the ancient rocks of the St. 
David's Promontory South \Vaies, and their fossil content. Quart. 
Journ. Geol. Soc. London Vol. 27 (1871) pp. 384-404. 
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lowed by ( division C) 400 ft. of green flags, also w.ithout 
fossils . These may perhaps rep resent t he Lower Cambrian 
Cærfai series. The su ccession as given by Harkness and 
Hicks is as follows in descen ding order : 

Superformation Lingu1a flags. 

Hiatus and Disconformity 
Mz.dd!e Cambrian . 

.�.'lfmevz·a?z 9 50 ft . 
Divisi on K. l sandston es and shales 

( Table J,  col . 8)  1 0 0 ft . 

Division J. Bl ack flags wit h  
Parado:xz.des davidz·s, Cen
troplezwa (Anapolenus) sal
teri and C. (A .  ) he?Zrid, 
besides many ot her species 
(Table J, col. 7 )  3 50  ft . 

D ivision I. G ray flags with Para
do:xides hz.cksi and other 
fossils (Table J, col . G) 300 ft . 

Solva g?'oztp 
Division H .  Gra y flaggy beds 

with Paradoxides aurora 
(Tab1e J, col . 5 )  1 5 0  ft . 

Division G. G ray, purple and 
red flaggy sandst ones, wit h  
Parado:xides hark1tessi and 
ot her fossils (Table J, col . 

4 ) ·  1 5 0 0  ft . 

1 These letterS are here used instead of the numbers employed by 
Harckness and Hicks. 
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Division F. Yellowish-gray sand
stones shales and flags, 
with Paradoxz"des harknessz·. 

( Table J ,  col. 3 )  1 5 0 ft . 

Lower Cambn:an. Cær.faz" Series. 
Division E. Purple sometimes 

greenish sandstones, no fos-
sils recorded . l 000 ft. 

Division D.  Red flaggy or shaly 
beds with Leperdz"tt"a cam
brensz"s, Lt"ngulella cf. fer
rugz"nea and Lt"ngulella prz"
mæva H icks (Table J, col . 
2 )  ;} 0  ft. 

These are the oldest fossils found in this section .  

Division C .  Green flaggy sand-
stone 460 ft. 

Division B. Conglomerates, com
posed chi efly of well-rounded 
masses of quartz embedded 
in the purple matri x  60 ft. 

Hz"attts and Unconformz"t;• 

Division A. Pre- Cambrian crys
tall ine rocks. 

( In Col : l .  Ta ble J .  are recorded the species from 
South Wales whose exact horizon is not given ) . ·  

The relationship of the Middle Cambrian to the Lower 
Cambrian in this section is obscure. The lowest beds w i th 
Paradoxides harknessz" rest with apparent concordance upon 
the purple sandstonc, but if there i s  a disconformity, it is 
probably masked, since in rocks of this  type disconformi ties 
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are not easily determina�le. In any case, it riiliy be said 

that the 1\Iiddle .  Cimhian tran sgression began with th e 

Paradoxides lzar:kmssz· beds. 

The disconfo rmi ty between th e Menevian a nd overlyi ng 

Lingula flags of Upper Cambrian age is more evi dent, 

sin ce th e zone of Paradoxides forchham'meri is wholly 
wanting, although the typic;il P. davz"dis beds are succeeded 

by l 0 0  ft. of sandstone, which however contain no spectes 
indicative of the higher horizon.  

\V hen w e  now compare the f o ss ils of the scveral 
divisi ons  of the Menevi an an d Solva of South \Vales, we 

fin d  that on1y some of the apparently wide-ranging brachio 

pods l ike Lingulella ferruginea, Orbimloidea pileolatus 
and Acrotreta sagittalz"s are com mon to both division s, 

although the p ossibility that these may be shown by doser 
specific discri minati on to be d istinct must  n ot be overlooked. 
The only other form wh ich passes across, is th e ubiqui tous 

Protospmz6o-z·a fenestrata Salter. But the t ri lobites and other 

crustacean s  are entirely distinct i n  t he two series . More
over, there is a certa in a mount of di stinctness bet\Yeen the 
Paradoxz"des aurora and Paradoxides hark?Zessi beds, on ly 
on e tri lobi te Ag1zostus cambrensis bei ng common to both .  
In North \Vales only t h e  P. lzz"cksi beds are known, the 
beds correlated with the lower horizon being unfossili ferous. 
The thickn ess of these North Wales beds is much greater, 
the P. !n"cksi beds being about twice as thick as they a:re 
in South Wales, though the Da vidis beds of the n or th are 
only on e tenth as much. On . the other hand, in the 
Nuneaton di strict of Central ·England Paradoxides aurora 
and P. lzicksi appear at the same time, though the latter 
ceontinues after the former has di sap peared. 



--
--

l 
St

. D
av

id
s 

St
. -T

ud
:va l

;- I� 
n

 �W
 

Ta
bl

c 
J. 

l 
So

ut
h 

\V
aie

s 
N

or
th

 \
Va

lcs
 
1. � 

� 2
. 

Pa
ra

l1o
xi

dc
s 

B
ed

s 
o

f
 S

t.
 

Da
vi

ds
 S

ou
th

 
\V

aie
s 

an
d

 S
t. 

T
u

d
w

a
ls

 

N
or

th
 

\V
a

le
s.

 

H
ick

s 
an

d
 N

ich
ol

as
) 

5p
ou

gz"
dæ

 
1 

P
ro

to
sp

o
n

g
ia

 
m

aj
or

 H
ic

k
s 

2 
P

ro
to

sp
o

n
g

ia
 f

 en
es

tra
ta

 S
a

lt
e

r 
3 

P
ro

to
sp

o
n

g
ia

 
d

if
fu

sa
 

S
a

lt
e

r 
4 

P
ro

to
sp

o
n

g
ia

 f
!a

b
e

ll
a

ta
 

H
ick

s 
Cy

sto
id

ea
 

1 
P

ro
to

cy
st

it
e

s 
me

ne
ve

ns
is 

I-I
 i e

ks
 

Hr
ac

ltz"
op

od
a 

1 
A

cro
tr

e
ta

 
sa

gi
tta

lis
 S

alt
er

 
2 

A
cr

ot
he

le
 m

a
cu

la
ta

 
H

ick
s 

?. 
Bi

lli
ng

se
lla

 h
ick

si 
(S

alt
er

) 
4 

Li
n g

ul
el

1a 
f e

rr
u

g
in

e
a

 S
alt

er
 

5 
Ll

n
g

u
le

ll
a 

pr
im

æv
a 

H
ick

s 
6 

L
in

g
u

le
ll

a
 

sp
. 

7 
Or

bi
cu

lo
id

ea
 p

ile
ol

us
 (

H
i ek

s) 
Flj

•(lt
it!

tid
tf' 

1 
H

yo
lit

he
s 

(T
h

e
c

::�)
 

a
n
tiq

u
a 

H
ick

s 
2 

H
yo

lit
he

s 
(T

he
cu

) 
co

rr
u

g
at

a 
Sa

lte
r 

\.
 

--
-

· 
�

�
� 

Ø 
� 

s·· 
l 

M
en

e-
C 

l 
Nr

 
. 

S 
� 

::; 
o v

a 
. 

. 
a

e
re

c 
a

nt
p

1g
 

"' 
t; 

::l 
-

v1a
n 

F
 

F
 

�
 -· 

� 
� 

o
rm

a
-

or
ma

-
�.,.

.� r.tJ
 

� 
�. 

l l 
l 

ti
o

n 
ti

o
n 

�· 
;t 

D F
 G 

H �
� K

�-�-
�- �-

�-�-
�-�-

�-
1 1

21
31

41
5 

6 
71

8 
9 

10
11

12
13

14
1�

1�
1�

18
 

= �=
� : 1 -

1 - \x
lx X

I-
!-

1-
1-

IX
 

-
X

 
X

 

x
.x

 

- · -
· --- ·

- • -
•  X

 l 
X 

-
�-

�-
�-

jx
lx

jx
jx

j-
J_

j_
,_

 
-

1-
-

-
-

, -
, x

 x
 -

, -
1 x

 

= 
1-;

; 1-;; 1
-;; 1-;:

 l �-� 
� l �

 l cf l
 X 

1-
1 ? 

l X
 X
I X

IX
 

=
��

�-
�-

� -
� -

� -
� -

l x
l x

l -
1 -

1 -
l x

l x
 

-
?

-
x

x
x

x
x

 

-
•-

•X
IX

 
j-

•-
·-

·-
-

• -
L X

I X
 

�
 

'"
"" 

..
... o o t:""' t'I'j n
 :;:. � ::0
 � ..
... � z Q ;;c > b ..,.
. �� "-l ):. � "d
 c H
 ln > o-J
 

1-<
 o L': �
 

o
 

w
 



T
a

b
le

 
J. 

( C
on

tin
ue

d)
 

1 
2 3

 4
 5

 6
 7

 

Hy
oli

tlz
id

re 
(co

nt
.) 

3 
H

y
o

li
th

es
 

(T
hc

ca
) p

e
n

u
lt

im
u

s 
H

ick
s 

-
-

-
-

X I
X 

4 
H

y
o

li
th

es
 

(T
hc

ca
) 

st
il

et
to

 
Il

ic
k

s 
-

-
-

-
-

'x
 

X 
Ga

str
o p

od
a 

1 
S

te
n

o
th

e
cå

 
co

rn
u

co
p

ia
 

S
a

lt
er

 
-

-
-

-
-

X 
X 

2 
C

y
rt

o
th

ec
a 

h
a

m
u

la
 

H
ic

k
s 

-
-

-
-

-
X 

X 
Tr

ilo
bi

ta
 1 
A

g
n

o
st

u
s 

al
tu

s 
G

ro
n

w
a

ll
 

x
-

-
-

-
-

-

2 
A

g
n

o
st

u
s 

b
ar

ra
n

d
ii

 
S

a
lt

e
r 

-
-

-
-

-
X 

-
3 

A
g

n
o

st
us

 
ca

m
b

re
n

si
s  

H
ic

k
s 

-
-

X 
X 

x
-

-

4 
A

g
n

o
st

u
s 

d
a

v
id

is
 

S
a

lt
e

r 
-

-
-

-
-

-
X 

X 
5 

A
g

n
o

stu
s 

e
sk

ri
g

g
ii

 
H

ick
s 

-
-

-
-

-
-

X 
6

 
A

g
n

o
st

u
s 

e
x

ar
at

u
s 

G
ro

n
w

a
ll

.  
X

-
-

-
-

-
-

7 
A

gn
o

stu
s 

ex
ar

at
us

 t
en

ui
s 

Ill
ing

 
X

-
-

-
-

-
-

8 
A

g
n

o
st

u
s 

f a
ll

a
x

 L
n

rs
. 

x
-

-· -
-

-
-

9 
A

g
n

o
st

us
 

fi
ss

us
 L

n
rs

. 
x

-
-

-
-

-
-

10 
A

g
n

o
st

u
s 

g
ra

n
u

la
tu

s 
B

ar
r.

 
-

-
-

-
-

-
-

11
 

A
g

n
o

stu
s 

kj
er

ul
fi 

Br
og

ge
r 

X 
-

-
-

=
l=

 -

12 
A

g
n

o
st

u
s 

lo
n

g
if

ro
n

s 
N

ic
h

o
lu

s 
-

-
-

_
l_

 
13

 
A

g
n

o
st

u
s 

n
u

d
u

s 
B

e 
y

r.
 

X 
-
1-

14
 

A
g

n
o

st
u

s 
p

u
n

ct
u

o
su

s 
A

n
g . 

X 
15

 
A

gn
o

st
u

s 
sc

a
ra

b
æ

o
id

e
s  

S
a

lt
e

r 
-

-
-

- �-
X 

1 6
 

A
gn

o
stu

s 
sc

ut
al

is 
S

a
lt

er
 

-
-

X 
17

 
A

g
no

st
us

 
tr

un
ca

tu
s 

B
ro

g
g

cr
 

- �-

18
 

A
g

n
o

st
u

s 
ty

p
ic

al
is

 N
ic

h
o

la
s 

-
-

-
-

�-
19

 
A

g
ra

u
lu

s 
cf

. 
h

o
lo

ce
p

h
al

u
s 

M
at

th
ew

 
-- �

-
-

-
�-

-�-�
�10 1

1 12
 13 

-
-

-
-

-
-

-
-

-
-

-
-

-
X 

-
X 

-
X 

X 
-

X 
X 

-
-

-
-

-
-

-

-
-

-
-

-
-

-
X 

X 
-

-
X 

-
-

-
-

-
-

-
-

-
-

-
-

X 
X 

X 

X 
X 

X 
X 

X 

14
 15

116
 17

 

X
-

x
-

X
-

X 

X
-

x
-

-
-

X 
X

-
X 

X 
-

-
x

-
X

--
X 

-
X 

X 
-

X 
X 

X 
X 

X 
X 

18
 

X X X X X X X 

Jo4
 � ? � ø � � t:C ;:,.. � 



Ta
b l

c 
J

. 
(C

 o;z
ti1

lue
d)

 

Tr
ilo

bi
ta

 (
co

nt
.) 

20
 

A
no

po
len

us
 h

en
rk

i S
alt

er
 

21
 

A
n

o
p

o
le

n
u

s 
sa

lt
er

i 
H

i e
k

s 
22

 
A

ri
o

n
e

ll
u

s 
lo

n
g

ic
e

p
h

a
lu

s 
H

ic
k

s 
23

 
Ca

ra
us

ia 
m

e
n

e
v

e
n

si
s 

H
ick

s 
24

 
Cl

ar
cll

a 
im

p
a

r 
(H

ic
k

s)
 

25
 

C
o

n
o

co
ry

p
h

c 
b

u
fo

 
I-1i

ck
s 

26
 

C
o

n
o

co
ry

p
h

e
 

co
ro

n
at

a 
B

a
rr

an
d

e
 

27
 

Co
no

co
ry

ph
e 

c
f

. 
da

lm
an

i 
A

ng
el

in
 

28
 

C
on

oc
or

y
ph

c 
h

o
m

fr
a

y
i 

Sa
lte

r 
29

 
C

o
no

co
ry

p
hc

 h
um

er
o

s:
1 

S1
lte

r 
30

 
C

o
no

co
r y

ph
c 

ly
c

ll
i 

H
ic

k
s 

31
 

C
o

n
o

co
ry

p
h

e 
p

er
d

it
a 

Sa
ltt

-r 
32

 
Co

no
co

ry
ph

c 
sp

. S
alt

er
 

3 3
 

Co
ry

ne
xo

ch
us

 c
am

b
re

ns
is

 N
ich

ol
as

 
34

 
D

o
ry

p
y

g
c

 
cf

. r
ic

h
th

o
f e

n i
 

D
am

e
s 

35
 

E
ri

nn
y

s 
v

e
n

u
lo

sa
 

Sa
lte

r 
36

 
H

a
rt

sh
il

l i 
a 

in
fla

ta
 (

H
ick

s) 
37

 
H

ol
oc

ep
ha

lin
a 

p
ri

m
o

rd
ia

li
s 

Sa
lte

r 
38

 
M

icr
od

isc
us

 p
un

ct
at

u
s 

S
a

lt
e

r 
39

 
M

ic
ro

d
is

cu
s 

sc
u1

p
tu

s 
H

ick
s 

40
 

P
a

ra
d

o
x

id
e

s 
a

u
ro

ra
 

S
a

lte
r 

41
 

Pa
ra

dr.:-
xi

de
s 

d
a v

id
 is

 S
alt

er
 

42
 

Pa
ra

do
xi

de
s 

ha
rk

nc
ss

i 
Il

 i e
ks

 
43

 
P

a
ra

d
o

x
id

e
s 

hi
ck

si 
Sa

lte
r 

44
 

Pa
ra

tlo
xi

de
s 

so
lv

en
sis

 H
ick

s 

1 
2 

jX
 --

X
 

-

-
-

-
-

-
--

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-

-
-

X
-

-
-

-
-

-

-
-

·- · 
3 

4 
5 1

6 
7 

8 
9 !

10
 --1-

X
-

-
l- l 

-
-

,-
-

X 
--

1-
-

1-
'-

x
' 

-
-

-
-

-

-
-

X
-

-
--

-
-

-
-

-
-

-
-

-
-

-

-
-

-
X

 

X -
-

-
X

 

-
-

' 
' l -1-

-
_

_
 l_

 

X -
-

-
-

-

X
 

-
-

-
-

-
X

 
-

-
-

-
-

-
-

-

-
-

-
-

-
-

-
-

-
-

-
-

X
-

-
-

11
 

- - -
-

- - - -

-
-

-
-

-
-

-
-

X
 

-
-

-
-

X
 

-
-

-
X 

X 
-

X
 

-
-

X
 

X 
-

-
-

-
X

-
-

-
-

-

X
 

X
 

. 
-

12
 

-

13
 

-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

14
115

116
 17

18
 

-
-

-
-

- -
X

 
X X

 

-
-

X
 

-
X 

X
 

-
X

 
X

-
X

-
X

 
-

-
X

 

X
 

:1.:
 -

X
 

X 
X 

X
 

-
-

--
-

( X 
X 

-
-

-
--

-
x

-
-

x
-

-
?

--
!'

-

IX
-

X
 

-
-

-
X

 

�
 

..
.... 

..
.... u u � � n
 ;» � t;lj
 � ..
.... > z o ?:l
 > �
 

t;lj
 

:rl
 

;7j
 

>-l
 > � ""' c � (fl
 � ,._.
 o z �
 

o
 

<;.f
l 



T
ub

le
 

J.
 

(C
on

c!
ud

ed)
 

Tr
ilo

bit
a 

(co
nt

.) 
45

 
l'

lu
to

n
ia

 s
e

d
g

w
ic

k
i 

I-I
ick

s 
46

 
S

o
le

n
o

p
le

u
ra

 
a

p
p

la
na

ta
 S

alt
er

 
47

 
So

len
op

leu
ra

 v
a

ri
o

la
ri

s 
Sa

lte
r 

O.i
tr

ac
od

a 
l 

Le
pe

rd
iti

a 
ca

mb
re

ns
is 

H
ick

s 
2 

Le
pe

nl
iti

a 
hi

ck
si 

Jo
ne

s 
3 

L
e

p
er

u
it

ia
 

so
lv

e
n

si
s 

Jo
ne

s 
4

 
L

e
p

e
ru

it
ia

? 
v

ex
at

a
 

H
ick

s 
(!

a
v

a
l 

tr
il

o
b

it
e

) 
5 

En
to

m
is 

b
up

re
st

is
 

S
a

lt
e

r 

l
 

2
 

-

-
-

-
-

-
-

-
X

 
X 

-
-

-
-

-
-

3
 

4
 

.
 

-

X
 

-
-

-
-

-
-

-
-

-
-

5
 

6
 

-
-

-
-

-

X 
-

-

-
-

7 ··-

-

X X
 

-

X 
X 

-

X 
X

 8
 

9
 

-· 
-lO

 1
1 

--··-

-
? 

__
 

-
-

-
-

12
 13

 14
 1

5
 

-
-

-
-

-

X 
X

-
-

-

? 
- l 16

 1
7

 
-

-
-

X X 

l 18
 

-
-

8 > � C"l ?: > o:l
 > � 



MIDDLE CAM.BRIAN OR ALBERTAN PULSATJON 407 

Table K. 

Paradoxides Beds of Nuneaton 

W arwickshire England 
(Illing) 

Zones at 
Nuneaton 

;.. r. c:; :r, "'') (l . i:o . . . . ;:.:. ·  c:: ::r: � c:: 
i: r 't) '" o 't) ..., "C ::+ <l 't) c < � C/) Il o ..., � ..., ::r "1 "1 
ø.> ..,  :=: tH:l 

- · 
l 

::r; ; ::.: ØJ :>J �- C) "' < < 
(') ;.;- -· .... . 
;.;- t/) o. o. VJ - ·  )-1 •  - ·  ...... . rn Cl• 

- - -- - -

2 3 4 5 6 

("; z C/l C/l 
c 

� � 
(') 

3 11.1 

� ::r ::r 2. 
11.1 

:E :E 
"' 11.1 
� � 
t/) t/) 

- - - -

7 8 9 l() 
Trilobita 

1 Agnostus rex Barrande ,  X X X - - - - - - X 

2 Agnostus exaratus Gronwall - - - - X x - X X X 

3 Agnostus exaratus tenuis Ill ing X X X X X X - X X 

4 A gnostus granulatus B<>.rrande X X X - X - - X 
5 Agnostus lobatus Illing X X 

6 Agnostus cf intermedeus Tulb. X X X - - - - - - X 
7 Agnostus fallax Li nrs. - - x - X ? X X X X 
8 Aguostus fissus Linrs. - X X - - - - X X X 
9 Agnostus fissus pern1gatus Gronwall -- - - - X 

- - - - X 
l O  A gnostus barrandii  Salter ? ? X X X 

- - X X 

1 1  Agnostus corrugatus Illing, - X X 

1 2  Agnostus sulcatus !Iling, X X X X 

1 3  Agnostus barlowi spinatus Illing - X 
14 A gnostus integer Bcyrich - X X X - - - - X 
15 Agnostus regius globosus Illing - X 

1 6  Agnostus nudus Beyrich - X - - - - - X X X 

17 Agnostus nudus ov alis I l l ing - - - - X 
18 Agnostus parvifrons Linrs - X X - X - - - - V �. 
19 Agnostus gracilis Illing - - X 
20 A gnostus triangu] atus Illing - - X 

21 A gnostus tuberculatus Illi ng - -- X X X 

22 Agnostus lens Gronwall - - - X X - - - - X 

23 Agnostus punctuosus Angelin, - - - - X X - X X X 

24 Agnostus bibullatus Barrande - - - - X 

25 Agnostus pulchel!us Illing - - - - X 

26 Agnostus altus Gronwall - - - - X X - X X X 

27 Agnostus cf. incertus Brogger - -- - - X - - - - X 

28 A gnostus kierulfi Bri:igger - - -- - - X -- X X X 

29 Agnostus b ifurcatus Illing - - - - - X 
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Tab le K. (Concluded) l 2 3 4 5 6 7 8 9 lO 
- --- - ·-- -- --- -- -- ·- ·--

Trilobita (cont .)  
30 Agnostus rotundus Gronwall - - - - -

� j = 
- X X 

31 Agnostus gland i formis Angelin X 
3:?. Agnostus c f  nathorsti Brogger - - - - X - X 
33 M i crod i scus pun ctatus Salter - - - X X X X X X X 

34 Microdiscus punctatus scanicus Li nrs - X X - X -- - - X X 
35 Hart.>hi l l i a  i n  flata ( Hi cks) - X X X X -- -- X X 

36 Hartshil l ia  spinata Ill i ng - -· - -- X 
37 Conocoryphe bufo H i  eks X - - - - ·- - - X 

38 Eri n nys venulosa Salter - - - - X - - X X X 

39 Holoce phal i na p1· i mordiali s  Salter - - - - - X - - X X 

40 Holocephalina i ncerta Ill ing - X X X 

41 Para doxi des aurora Sa l ter X - - - - -- - - X 

42 Paradoxides sp. X l 43 Paradoxidcs hicksi Salter X X X - :- 1 :- - X X X 

,14 Paradoxides rugulosa Corda - I X X - - X 

45 Paradoxides da vi  dis Salter _ i  _ _  - X X -· X X 

46 Clarella pugnax (Il l ing)  X I X  
47 Anopolenus henrici Salter - - - - - X - - X 

48 Corynexochus pusHlus Illing - X 

49 Li ostracus elegans B i ll i ngs - x X 
50 Solenopleura applanata S alter - - - X -· - - - X  X 

51 Solenopleura cf . applanata Salter - - - - X 

52 Solenopleura variolaris Salter - - - - X - - X  X 

53 A graulos sp. - - - - x 

Explanation (For detail see text) 

Cols. 1 -6 Zones of the Paradoxides Bcds at Nuneaton Warwick-
shire England (Condensed From Illing) 

Co l. l. -Zone of Paradoxides aurora Hor. A4 
Col.  2. -Zone of Paradoxides hicksi Lower divi sion Hor. B & C. 
Col. 3. --Zone of Paradoxides hicksi Upper d ivision Hor. D. 
Col. 4. -Zone of Harlshdlia Hor. E. 
Col . 5. - --Zone of Paradoxides rugulosztS Hor. F. 
Col .  6. -Zone of Paradoxides davidis Hor. G. 

Cols. 7 - 1 0. Occurrences in other Localities 
Col. 7 . -Com ley d i strict of Shropshire England 
Col .  8. --North Wales 
Co l. 9.--South Wales 
Col. 1 0. - -Scani a South Sweden 
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The Nzmeaton Distrz"ct of Warzvickshire. The Cam
brian of \Varwickshire has long been included in the two 
great div isions of the H:1rtshill quartzite at the base and 
the Stockingford shale above. The former is essentially 
equivalent to the Lower Cambrian, but the Stockingford 
shale series includes Middle and Upper Cambrian, as well 
as the Tremadoc series. The detailed studies of Illing 
have made possible a more precise discrimination of hori
zons within these shalesl. The Nuneaton District ( a.pproxi
mately Long. ]O 30' W, Lat. 52J 30' N.) shows only 
discontinuous exposures, but by the diggin g of trenches it 
was possible to get the re1ationships in the greatest detail. 
The old Stockingford shale series was subdivided by Lap
worth into: 

D. Upper or Mercvalc Shalcs, ( Tremadoc) 
C. M iddle or Oldbury Shalcs ( mostly Upper Cam

brian ) 
B. Lower or Purly Shalcs. ( mostly Midclle Cam

brian) 
These rest in turn upon the 

A. Hartshill quartzz"tc (Lower Cambrian) 
The faunal divisions however, do not correspon cl entirely 

with the lithological ones. 

A more detailed subdivision of these beds was sub
sequent1y made by Illing as follows. 

llfercvalc S!tales 

Vldbury Shales 
Monk's Park Shales 

Lower Tremadoc 

(Approx .) 2000 ft. 
Dolgelly 

1 B. C. Illing, Paradoxides fauna of part of the Stockingford shale 
of Nuneaton. Quarterly Journal of the Geol. Soc. of London. 

Vol. LXXI, 1915, p. 391, et seq. with Geological map. 
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:Murriwood flags and shales Ffestiniog? 
Outwoods shale Maentwrog 
Abbey Shales ( 90 ft.) Menevian 

Purley Shales 
Upper Purley shales 
Middle Purley shales 
Lower Purley shales 

Harts!zill quartzite 
Camp Hill grit 
Tuttle I--lill quarzi te 
Park Hill quartzite. 

l\Tenevian 
Menevian? 
Lower Cambrian 

()30 ft.l 

The upper 2 divisions of the Oldbury shales are cor
related on the basis of their position , but the Mæntwrog 
age, or Lower part of the Upper Cambrian of the Out
wood shale member, is known from fossils, for Olemts and 
other early Upper Cambrian fossils have been obtained 
from it. Only the Abbey shales, which name is given to 
the lower �)0 ft. of the original Oldbury shales, has been 
stuclied in great detail and has yielded a rich Menevian 
fauna, but from an excavation in a horizon about l 00 ft. be
low the top of the Purley shales, a specimen of Paradoxides 
sjogreni has been obtained together with Conocoryphc 
coroJZata. As the Paradox·ides mentioned is known only 

1 This thickncss is taken from Illing's map, where the \vidth 
of the outcrop of the shale appears to be fairly constant 
between the Hartshill sandstone and Abbey shales . The width 
of the outcrop, as nearly as can be determined, is 825ft. and the 
dip at the contact with the Hartshill quartzite is 50°. This would 
give a thickness of sl i ghtly over 630ft. That this is a conservative 
figure is indicated by the fact that 3/4 of a mile fm·the .- north
west at Abbey Mount, the upper contact with the Abbcy slnle:; 
shows an increase of dip to 70° 
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from the P. ælandt"cus zone of Sweden, these upper Purley 
shales are tentatively correlated with that zone. Again in 
the Lower Purley shale, up to 40 ft. above the base, 
specimens of Callavia have been found, thus showing that 
the lower division of the group bel ong s to the Lower 
Cambrian. It would be of interest to know the general 
character and fauna! succession in the int ermedi ate porti on 
of the Purley shales. 

The entire series of the Abbey shales has been sub
divided into 7 groups, these being lettered from A to G. 
Division A the lowest, with a thickness of nearly 20 ft. 
is again subdivided into 4 parts numbered Al to A4. In 
the lower 3 divisions, Al to A3, only brachiopods and 
sponge spicules are found, and these have not been deter
mined. There are a1so a few fragments of trilobites. These 
beds rest upon the reddish-colored Purley shales and contain 
intercalated red layers in the lower part. At the top of 
d ivision A2, the hard bluish-gray shale contains brick-red 
inclusions, while the base of the succeedin g horizon is 
separated from it by a distinct erosion surface, shown by 
t he variation in thickness of the shale bed, which separates 
continuous limestone beds, in the adjoining portion of the 
two divisions, this thickness changing f rom 6 to 3 ft. in 
the distance of 5 yards, while at the same time, the base 
of the overlying calcareous bed is irregular. Also the 
line of contact is marked by glauconite and abundant frag
ments of brachiopods. 

Illing suggests "that this probably is merely an in
stance of contemporaneous erosion of s light extent, due to 
shallowin g of the water", ( Loe. cit. page 396) Viewed 
however in its broader aspect as marking a distinct line of 
division between the Paradoxz"des hz"cksz" and older zones, 
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it assumes more sigificance, especially when considered in 
the l ight of the evidence for a disconformity indicated by 
the "Fragment Limestone" at the base of the Tessini zone in 
Scania, and the very pronounced disconformities found in 
the Comley region. 

The succession of faunas in the several large divisions 
of the Abbey shale are given in cols l to 6 of Table K 
which is condensed from the much more detail ed tab le 

given by Illing. From this it will be seen that there are 
a number of distinct fauna} zones. These are summarized 
by Illing as follows in descending order. 

Horizons G3 to Gl. Upper Paradoxides davidz"s 
zone, also contains P. rug-ulosus which however 1s rare. 
The fauna is given in Col. 6. 

Horizons F3, to Fl, Lower Paradox:ides daviclz�s zone 
(Illing) , but hetter designated Paradox:ides rug-ulosus zone, 
since this alone is present while P. davidis is wanting. 

Horizon E3-E l. ( in part) . Ifartshillia zone with 
H. inflata cornmon . This species however also occurs in 
lower horizons. Paradoxides rug-ulosus still occurs in E 3 
but is rare, nor is it known from horizons lower down. 
( Col. 4 Ta ble K) 

Horizons D3-D1, are referred to the Upper Paradox
ides ltick,:,·i zone, in which P hicksi is abundant and Agnostus 

fz"ssus is common. D3 and El, are moreover closely united 
by having Clarella pug-nax in common just as E3 is 
united to Fl and F2 by the presence of Paradoxz"du 
rug-ulosus. E2 is rather a transition bed between the two, 
its 4 determined species occurring both in the lower and 
the higher horizons. 

Horizons C3-B l, are designated the Lower Parac-loxides 
!ticksi zone, for here that species is rare. Ag-nostus rex: 
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on the other hand is abundant though it also occurs m 
higher beds. Liostracus eleg-a?ts on the other hand Is 

characteristic though it extends into horizon Dl. (Tab1e K 
col. 2) 

Finally , the Lower bed A.4, (Table K col. l) ts 
characterized by Parado.-ddes aurora which is restricted to 
it, but P. hicksi is also found there though rare. Other 
species are Co?tocoryphe bu.fo and Ag1wstus sulcatus. The 
5 other species of Agwstus foun d here continue through 
the series, nevertheless it is apparent that we have a zone 
sufficiently distinct and this can be c> "'1pared with the 
Parado�ides aurora zone, which in the � David's region 
Iies between the P. !ticksi and P. harktzc .. � �· zone, which 
there is the lowest Paradox:z.des zone. 

The absence of the Paradox:ides .forchhammeri zone, 
and the immediatc superposition of beds with Olmus upon 
those with Paradox:ides david·is, indicates a hiatus in the 
succession, representing as it does the final retreat of the 
Middle Cambrian sea from this section and probably the 
long exposure before the return of the Upper Cambrian 
Sea. The disconformity moreover, is recognizable in the 
physical characters of the beds. To quote Ill ing (Loe. cit. 
p. 39 5). "The upper limit of the Abbey shales is marked 
by a coarse calcareous conglomerate, varying in thickness 

from 1-8 inches. It rests upon an eroded surface of the 
underlying blue shales, though the extent of the erosion 
cannot well be judged, owing to the proximity of the 2 
trenches.l In a single trench the bed is found to migrate 
over horizons varying in vertical position by 2 inches, while 
between 2 trenches, about 70 ft. apart, the migration ts 

1 The reference here is to the trenches dug for the purpose of 
studying these shales, as the surface exposures were inadequate. 
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at least () inches. The conglomerate contains large flat 
and rounded pebbles of the underly ing shales, abundant 
irregular quartz grains, showing strain-shadows, a few feld
spars, large zircons and numerous pebbles of fine-grained 
igneous material , which appears to be a partly devitrified 
pitchstone. The glauconite and calcite are both abundant 
and many of the pebbles and crystals have an iron-stained 
border." 

Illing's comments on the significance of the material 
in these conglomerates, are of great interest in this con
nection , and clearly indicate the importance of this dis
conformity. 

He says «There is no known horizon either in the 
underlying Abbey shales or in the Purley shales, from 
which the igneous materials could have been derived, and 
the facts seem to require the postulation of extensive 
erosion in the neighbourhood, with perhaps the exposure 
to denudation of the pre-Cambrian igneous suite. The 
large pebbles in the bed, the rap id variation in thickness 
and the abundant glauconite and quartz gra ins, all point to 
the conclusion, that it was deposited under shallow water 
conditions. Further, this conglomerate is followed by a 
type of lithology quite different from that of the beds 
below, consisting of a greenish-gray micaceous shale, which 
at a higher horizon alternates with abundant beds of flag
stones" (Loe. cit. p. 395.) 

Further comment is unnecessary and when this well
characterized exampl� is considered in connection with the 
fact that all over the British, and a large part of the 
east American region, this same hiatus is indicated by the 
absence of the higher zone, and now and then by physical 
characters, it is quite evident that this is not a local feature 
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but one of the major breaks in the geological succession. 
As such it falls in line with the similar great disconformi
tics which we have recognized at the summit of the Middle 
Cambrian in ne-d.rly all the sections in the other 
geosynclines which have so far been discussed . 

Tite Com!ey District. But England presents us with 
an even more interest ing example of the incomplete re
presentation of the Middle Cambrian deposits in the famous 
Comley section of Shropshire. \Ne have already considered 
the character of the Proto!mus bed in this section. The 
relationship is best brought out if we cons i der two sections 
in this region, but we will first give the complete succes
sion of formations in this locality in descending order. 

Cambrovician 
Shoot-Rough Wood shale ( Cx) soft blue-gray 

shale Tremadoc 
Shoot-Rough Road shale, Or�tsia shales (Ca) 

Micaceous shales, with thin 
mud-stones or calcareous courses. 
Upper Cambrian f ossils. 

Hiatus and Disco;ifm/mity 
Middle Cambrian 

Shoot Rough Road Flags 
Billi1igsella Beds (Be ) o ft. 

For the fossils see Table L. 
Col 12, Fine and coarse grits 
with ca1careous and shaly beds, 
held to represent the P. .forch
lwmmeri zone 
Paradoxides davidis Flags (Bb5) 18 ft. 

Coarse gritty flags with a 
ca1careous bed at the summit. The 

500? 
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fossils are g1ven in Col. Il, 
Table L. 

Shoot Rough Road sandstones. 
Parado:x-ides rugulosus sandstone 

(Bb4 ) ? ft. 
Green and brown sandstones 

wi th a. calcareous bed at the su mm it. 
The fossils are given in Col l O 
Table L. 
Unexplored interval (BbB) 

Hill House shale. ( Bb2 ) 300 ft. 
Micaceous flagf,_ry shales, with 

occasional beds of grits. The fos
sils are given in Col 8. Table L. 

Hill House grits or Comley breccia bed. 
Paradoxz'des intermedizts grits B. 

b l 5-38 ft. 
Coarse conglomeratic grits 

and breccias, of fragments of Ac 
2, and A c l, below. The fauna 
ts given in Col 7 of Table L. 

.lhatus and Disconformz·!J' 
Hill House Flags. 

Dorypyge !aket· flags (Ba3) fauna 
in Col. 6 Tab1e L, 4 ft. + 

Phosphatic gritty flags. 
Quarry Ridge shales ( Ba2 ) 300 ft. 

Fine blue and brown shales 
with bands or beds of hard ringing 
grits. Fossils in Col. 5, Table L. 

Quarry Ridge grits 
Paradoxz'des g1�·oomz· gri ts (Ba l ) 2 5 ft. 
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Hard, ringing, glauconitic grit, 
with conglomerate and a thin phos
phatic deposit at the base. Fauna 
m CoJ. 4, Table L. 

Hiatus and Disco;iformity 

The Black limestone 

Lapworthella limes tone (Ad) O. 5 ft. 
Calcareous and phosphatic 

granular material, fauna in Col. 3, 
Table L. 
Proto!emts limestone (Ac5) 0.5 ft. 

Black to pale-gray compact 
phcsphatic limestone, fauna in Col. 
2, Table L. 

.!Iiatus and Disconformity 

Lower Cambrimz 

For the description of lower beds see ante p. 91, 
(p. I I7) 

The disconformity between the Middle ancl Upper Cam
brian, appears not to be indicated by any marked physical 
feature . But the highest bed of the Middle Cambrian Be, 
is only 5 ft. thick. It contains no Paradoxides _forch
lzammeri and the correlation with that zone is based on its 
superposition on the Davidis beds. The zone fossils Bzll
inJ:sella lilldstromi salopiemis Matley, also occurs in the 
Davidis beds, where another species B. cobbo!di is also 
f ound . Three species of Obolus? one of Acrothele and 2 
of Aerob-eta represent the only other specifically identified 
species from these beds. The Acrothele and Acrotreta 
occur in the Davidis bed, (the 2nd species doubtfully). It 



418 A. W. GRABAU 

is quite probable that the true Forchhammeri zone, the 
Andrarum limestone of Sweden, is unrepresented here. Pos
sibly careful study, such as made by Illing at Nuneaton, 
will also disclose physical evidence of the break between 
Upper and Midclle Cambrian. 

Another break seems to separate the Rugulosus beds, 
from the underlying horizons, though these beds have not 
been studied. But the most significant break in the section 
is represented by the Comley breccia beds and this is well 
brought out by a consideration of the two sections, sepa 
rated only by a distance of 200 yards. (Text-Fig. l O) 

In the Quarry Hill section at Comley, the Hill House 
Shales rest on 38 ft. of the Comley breccia bed. This 
is a coarse conglomeritic rock, \vith fragments of Paradoxz:
des intermeditts and occasionally other f ossils. The se gr i ts 
mark a distinct disconformity, but they rest upon 4 ft. of 
the Hill House shale with Dorypyg-e !aket" and Acrothyra 
comleyensis. Both of these species are again characteristic 
of the Quarry Ridge grits near the base of the section, 
but these 2 formations are separated by 300 ft. of shales 
and grits, the Quarry Ridge shales (Ba 2), which more
over carry no zune fossils. This quarry ridge grit, 25 ft. 
in thickness contains Paradoxides g-roomi which is cor
related by Cobbold with the P. æla11dicus zone of Sweden 
and rests with a conglomerate and thin phosphatic deposit, 
on the Hanfordian or on the Lower Cambrian beds, there 
being here a pronounced disconformity between the two. 

This same disconformity is seen in what is known 
as excavation No. 49 of the British Association, which 
is 200 yards away, but here the remarkable fact is 
found that it i s  the Comley breccia bed with Paradoxides 
z. 1ztermedius, which here Iies directly upon the older rocks, 
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but shows a thickness of only 5 ft. This clearly shows 
a remarkable overlap, and the evident erosion of the 
Quarry Ridge shales, which 200 yds away, underlie the 
Comley breccia bed, with a thickness of 300 ft, and are 
preceded by the Quarry Ridge grits, with P. groomz, 2 5 
ft. thick. Tl1Us in the short clistance of 600 feet, about 
330 ft. of the lower series are cut out by erosion and 33 
ft. of the Com1ey breccia bed are cut out by overlap . As 
Cobbolcl distinctly says, "faulting is here out of the ques
tion ." 

\Vith th is well authenticatecl example of interzonal 
erosion and overlap in England and the examples already 
described from Sweclen, we are justified in interpreting the 
zonal arrangement of the faunas and the often insignificant 
thicknesses of the formations, as pointing to a succession of 
floodings and emergences over the flat marginal plain of 
the geosyncline, and we may hope on careful search, to 
find other eviclences of such breaks between the various 
zones where these are well expost:d to observation. 

In the following tab1e the zonal d istribution of the 
Middle (and some Upper ) Cambrian fossils of this regron 
are grven . 

The gr eat terminal d isconformi ty between the Middle 
and Upper Cambrian is further emphasized by the fact 
already noted (ante p. 89 (I I 5) ) that in the l\hlvern 
Hills, the Middle Cambrian is entirely wanting. The \Vhite
Leavecl-Oak shales, with Upper Cambrian fossils rest direct
Iy and disconformably on the Lower Cambrian Hollybush 
sandstone. 

Tlze Acadian o.f Easter1z JVortlz Amerz"ca 
The Midd1e Cambrian beds of Eastern Canada were 

first studied most extensively in the region around St. John 
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Table L. 

Middle and Upper Cambrian 

of Comley England 

(after Cobbold) 

Brachiopoda 
1 2 3 4 5 6 7 8 9 10111213114 

l Micromitra sp. ----- - --- - - x 
2 Paterina labrador i ca Billings x x 
3 Obolus parvulus Cobbold x x 
4 Obo lus cf. schmalenseei 

Walcott - - - - --- ---- x 
5 Obolus? gibbosus Cobbold - - - - - - - --- - x 
6 Obolus? linnarssoni Cobbold - - - - - - - - - - - X 
7 Obolus? sp. a - - - - X 
8 Obolus? sp. b - - - - - - - x 
9 Lingulella ferruginea !3alter--------- x x 

10 Lingulella nicholsoni Cal-
laway 

-
- - - - - - - - - - - - X 

11 Lingulella viridis Cobbold x x 
12 Lingulella sp. - - - - - - - - - x 
13 Acrothele coriacea Linnr s. ---- ------ x x x 
14 Acrothele saggittalis (Salter)

!
---------·- x x 

15 Acrothele schmalenseei var 
matleyi Cobbold - - - - - - - - - - ? x 

16 Acrothele socialis v. Seebach - - - � - x 
17 Acrothele sp. a. ----- ------ x 
18 Acrothele sp. b - - -- - - x 
19 Acrothele sp. c - ---- - - x 
20 Acrothyra comleyensi s Cob-

b� ---X-X 
21 Acrothyra cf. sera Matthew-- x 
22 Billingsella lindstromi 

salopiensis Matley - - - - - - - - - - x x 
23 Billingsella cobboldi Matley ------ - -- - x 
24 Billingsdla sp. -- - - - -- x 

25 Orusia lenticularis 
Wahlenberg - - ----- -- -1-- x 
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Ta ble L. (C ontinued} l 2 3 4 5 6 7 8 9 lO 11 12 13\1 4 
· -- - - -- - - - - - - - ·- -

Pleropoda etc. 
l Hyolithes crassus Cobbold - X 
2 Hyolithes sculptilis Cobbold - X 
3 Orthotheca ba yonet Mat-

thew - X 
4 Lapworthella nigra Cobbold -- X 
5 Salterella? beila Cobbold - X 
6 Salterella? striata Cobbold - X 
7 Hyolithellus micans Billings 
8 Hyolithellus mi cans var. 

X X X X X X X 

robust a Cobbold - - - X -- X 
9 Helenia cancell ata Cobbold X X X 

10 Helcionella cingulata Cob-
bold ? X 

11 Helcionella oblonga Cobbold --- X 
12 Latouchella costata Cobbold X X 
13 Latouchella? striata Cobbold - X 

Trilobita 
1 M icrodiscus comleyens is 

Cobbold - X 
2 Microciiscus lobatus Hall, X X 
3 Microdiscus punctatus Salter --- --- X 
4 Microdiscus cf. punctatus 

Salter -- - - - - - - - - X 
5 Microdiscus simplex Salter - - - X 
6 M icrod iscus speciosus Ford X X 
7 Agnostus fallax Linrs - - - - --- - - - X 
8 Conocoryphe emarginata 

longifrons Cobbold --- X 
9 Conocoryphe equalis Linrs --- --- X 

10 Conocoryphe bufo Hicks - - - - -- X 
11 Liocephalus impressa Linrs . X 
12 Liostracus dubia Cobbold -- - - - - X - -- X 
13 Liostracus lata Cobbold - -- - - - X 
14 Liostracus pulchella Cob-

bold - -- - - - - - -- X 
15 Agraulos cf. quadrangularis 

Hall & Whitfield ---- -- x - - - X  
16 Agraulos holocephalus Mat-

thew ---- -- --
-- X 
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Tab le L. (Coucluded) 1 2 3 4 ,i 6 7 [ 9 10 11 12 
- -- - -- - - --- -- - ---

Trzlobita 
17 Strenuella sp. - - - - - - X 
18 Protolenus latouchii Cobbold - X 
19 Protolenus morpheus Cob-

bold - X 
20 Mohicana ela va ta Cobbold - X 
21 Mohicana lata Cobbold - X 
22 Dorypyge lakei Cobbo1d - - - X- X 
23 Dorypyge reticulata Cobbold - - - - - - X 
24 Paradoxidcs clavidis Salter - - - - - - - - - - X 
25 Paracloxidcs rugulosus 

Corda - - - -- - - - - - X 
26 Paracloxicles intermeclius 

Cobbold - - - - - - X 
27 Paradoxicles groomi La p-

worth - - - X 
28 Para<1oxides sp. - - - X 
29 C alla via cf. callavii (f rag-

mcnts) X X 

Explmzatimz (For cletails see Text) 

Co l. 

Co l. 
l. 

2. 
Lower Cambrian (See Further Table Ill Cols 7-11) 
Protolenus beds (Hanfordian) Ac5 

Co l. 3. 
Co l. 4. 

Co l. 5. 

Co l. 6. 

Lapworthel!a limestone Ad. 

Quarry Ridge grits. Paradoxides groomi Zone Bal 
Quarry Ridge shales Ba2. 

Hillhousc Flags Dorypyge lakei Zone Ba3. 

13 14 
-- -

Co l. 
Co l. 

7. 
8. 

Comley Breccia bed. Paradoxides i11termedius Zone Bbl 
Hillhouse shales Bb2. 

Co l. 9. 
Co l. 10. 

Col. 11. 
Co l. 12. 

Co l. 13. 

Co l. 14. 

U nexplored horizon Bb3. 

Shootrough-road sandstones Paradoxides rugulosus· Zone 
Bb4 

Paracl.,xides davidis Zone Bb5 
1-Jiltingselta Zone Be. 

Upper Cambrian Orusia shales Ca 
Shootrough-wood shales (Tremadoc) Cx. 
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New Brunswick, where Dr. G. F. Matthew named them 
the Acadian series, and with the Johannian and Bretonian 
included them in his St. John group. The Acadian series, 
which is here not over 200 ft. thick, rests by overlap 
upon the crystallines, beginn ing with basal sandstone. 
Although this and some of the immediately succeeding beds 
have been identified with the Protolenus horizon, it is 
somewhat questionable whether that division is actually 
represented in the St. John section. The lithological divisions 
of the St. John group do not fully correspond with the 
palæontological zones, for a part at least of the Johannian 
division, which is primarily a sandstone series, appears to 
be referable to the Middle Cambrian. The zones here re
cognized are the following in descending order. 

Division C1d2 Dorypyge zmze. ( Table M. col. 11 ) 
Dark-gray shales and limestone lentils. Among the 

spectes are: --

LiostracJts ou angmzdiamts (I-Iartt ) var 
Ag-rau!os ceticepha!us carinatus Matthew 
Anomocare mag·mtm Br6gger var 
Ag-nostus parvi.frons tesse!us Matthew 
Axnostus punctuosus Angelin var. 

Besides species of Dorypyxe (see the table M. col. 11 ) 
As Howell said, the presence of Axnostus punctuosus 

var, "may indicate that some of that zone may lap over 
from Hicksi into David is time, as A. pu nct11osus is not 
known below the Davidis zone of Manue1s. P. davidis 
itself is absent . . " 

Division C1d1 Paradox-ides abmaczts zone (Table l'vi. 
co l. 9) 

Dark-gray shales, characterized by Paradox:ides abenacus 
Matthew, Conocoryphe pustu!osa and many other species 
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of trilobites includi n g  1 3  spec ies and varieties of Agnostus 
( see ta ble M .  col . 9 )  

Division C l c2 Paradoxides eteminz"cus zone ( Table 
M .  col . 8 )  

\!Vith P. eteminicus and 4 varieties, P. acadicus 1\Tat
thew, P. regina Matthew and P. micmac Hartt besides 
many other species of trilobi tes and some brachiopods, all 
of which are confined to this zone. 

Division C l c l  Zone of Paradoxides lamellatus Hartt, 
Liostracus ouangOJzdianzts ( Hartt ) and several varieties as 
well as other trilobites and some brachiopods l i sted in 
table l\1. col. G .  

From an  i nspection o f  thi s  tablc, i t  will be seen that 
so far as the trilobites are concerned at least, the zones 
are d istinct . vVhere only the divis ions C 1 c or C l d are 
g i ven hmvever, ( cols 7 and l O respectively ) the respective 
spec ies may occur i n  both of the minor divisions, though 
more often th i s  cla ssification 1s due to the fact that the 
exact posit ion of the species i n either sub-divi sion l or 2 
"·as not given . 

As wc have scen , the Paradoxz"des davidis zone 1s 
n ot present in  th is  section, unless it is in part represented 
by zonc C l d2 , the Dorypy g·e zone wh ich is the highest in 
the typ i caJ Acadian division of this  region.  

The zonc of l'aradoxides forchhammerz· i s  likewise 
unrepresented so far as that species is concerned , though 
the lmYcr part of the Johann ian of the St . John region, 
that is C 2 ,  is  regarded as representing that horizon. The 
Johannian consi sts  of l f> O  ft . of sandstones and flags, 
m ost�y \vith worm bor ir. gs.  Only 2 species of Lingulella 
o r  Lingu!epis have bcen fcur.d ,  namely L. starn· and Li1Z
g-u!el!a rugu!a and l:oth of tl:ese may l::elcng to the upper 
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rather than the M i dd1e Cambrian portion . On the whole, 
the Johannian divi s ion must be regarded as represen ting to 
a large extent a group of continental sediments which ac
cumuhted in thi s  region chiefly after the final retreat of 
the sea at the end of M iddle Cambrian time and before 
i ts return in Upper Cambrian t ime. 

Cape Breton. In Cape Breton, where the Dugaldian 
is so well developed , both the Hanfordian (Protolenus) and 
Acadian have a very incomplete development and may even 
in part at least be absent. In fact the M iddle Cambrian 
seems to be large1y represented by shallow water or even 
continental deposits, in wh ich felsite conglomerates, ranging 
up to 7 0  ft . in thickness, are of rather frequent occurrence . 

At Boundary Brook and elsewhere from B O O  to 400 ft . 
of lVI idclle Cambr ian deposits occur with at least B of these 
conglomerate beds. On the east side of Myra Valley, the 
formation I S  more largely clayey beds with lentils or 
irregular layers of carbonate of lime carrying Parado�rides 
cf ruxztlosus and other fossils apparently of the P. ruxulosus 
zone . The higher bcds are often very shallow water if  
not  continental dcposits, containing trails ( Ctenichnites ) and 
burrows ( Mmzocratcrion ) . 

'vVhat is regarded as representing the Paradoxides 
forchhammeri zone is foun d in  the Myra Valley, cons1stmg 
of flags and slates with Linxulella, Acrothyra etc l isted 

under Division C 2 a  and C 2 b  in the table. 

Eastcr;z .iVewfomzdland. The most detailed recent work 
which has been don e on the M iddle Cambrian of Eastern 
North America is that by Dr. B. F. Howell on the "Faunas 
of the Cambrian Paradoxides Beds at Manuels" l . Here 

1 Princeton University Contributions to the Geology of New
foundland No. 7. Bull . of American Pal. Vol. XI, No. 43, pp. 
140 with plates and tables. 1925. 
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Table M. 

Acad ian or Paradoxides b eds 

of Newfoundland, New 

Brunswick a nd Cape 

Breton 

.SpongidP 
1 Protospongia minor distans 

Matthew 
2 Protospongia fenestrata 

Salter 
3 Eocory n e  gemi num Mat-

thew 

Archæoc;·at/zidæ 
4 Archæocyathus? paranoides 

Matthew 

Graptozoa 
5 Dendrograptus? primordia-

lis Matthew 
6 Protograptus alatus Mat-

thew 

Cystoidttt 
7 Eocystites pri mævus Mat-

thew 

Hyolithidæ and Gastropoda etc. 
1 Hyolithes ten uistriatus 

L i nrs 
2 Hyolithes ( Camerotheca) 

da ni anus Matthew 
3 Hy olithes ( Camerotheca) 

micmac Matthew 
4 Hyolithes ( Camerotheca) 

gracilis Matthew 

Manuels St. John New l Cape 
N ewf oundl. Brunswick Bn::ton 

O" ;: . ;c: :0 
o iil ! :=- 0.. 
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- - - - -

- - - - -

- - - - X 
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7-\ g 1oli1 12 
- --

9 1 3  14 

- - X 

- - X 

- - X 

- - X 

- - X 

- - X 
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Table M. (C ontinued) 1 2 3 4 5 6 7 8 9 10 11 12  13  14 
- - - --- - -- ·- - -- - - - - -

Hyolithidæ and Gastr. etc. (cont.) 

5 Hyolithes (Diplotheca) aca-
dicus Matthew - - - - - - - - X 

6 Hyolithes ( D iplotheca) aca-
dicus sericus Matthew - - - - - - - - X 

7 Hyolithes (Diplotheca) aca-
d icus obtusus Matthew - - - - - X 

8 Hy olithes (Diplotheca) hy-
att i caud atus Matthew - - - - - - - - X 

9 Ste notheca (Parmaphorella) 
acadica (Hartt) - - - - - X 

10 Stenotheca concentrica 
Matthew · - - - - - - - � - ! x  

11 Stenotheca cf. cor nucopia 
Sa lter - - - - X 

12 Stcnotheca hicks iana Mat-
thew - - - - - - - - X 

13 Stenotheca nasuta Matthew - - -- - - X 
14 Ste notheca rad iata Mat-

t h e w  - - - - - X 
1 5  Stenotheca tria ngularis 

Matthew - - - - - X 

Braclliopuda 
l Obo Jus fragilis ( Walcott) - - - - X 
2 We stonia escasoni (Mat-

thew) - - - - - - - - - - - - X 
3 Li ngulell a  can i a Walcott - - - - - - - - - - - - X 
4 Li ngulella concinna Mat-

thew - - - - - - - - - - - - X 
5 Li ngulella ferruginea Salt . X X X X X - X - - X - - X 
6 Li ngulella flumenis Mat-

thew - - - - - - - - - - - - - X 
7 Li ngul ella radula Matthew - - - - - - - -- - - - - - X 
8 Li ngulella rotunda Mat-

thew - - - - - - - - - - - - X X 
9 Li ngulella tumida Matthew - - - - - - - -- - - - - X 

10 Li ngulepis exigua (Mat-
thew) - - - - - - - - - - - X X 

11 Lingulepis starri �fatthew - - - � - - - - - - - - - X  
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Table M ( Cmztinued) l 2 3 4 5 6 7 8 9 10 1 1  12 1 3  14 
- - - -- - -- - - - -- -- - -

Braclzz"opoda (cont. )  
1 2  Acrothele matthewi (Hartt) ? - X ? - - X - - X 
1 3  Acrothele matthewi lata 

Matthew - - - - - - X - - X 
14 Acrothele matthewi multi-

costa Matthew - - -- - - - X - - X 
15 Acrothele prima costa ta 

Matthew - - - - - - - - - X 
16 Acrotreta baleyi  Matthew - - - - - - - - - X 
17 Acrotreta gemmula Mat-

thew -
- X 

18 Acrotreta gra cia W alcott - - - - - - - - - X 
19 Acrotreta m i sera (Billings) X x - - - - X 
20 Acrotreta sagittalis ( Salter) -

- - - X - - - - X 
21  Acrotreta sagittali s  magna 

Matthew -
- - - -

- X - -- X 
22 Acrotreta sagittalis trans-

versa (Hart) -
-

- -- -
- X 

23 Acrothyra proavia (Mat-
thew) - - - - -

- - - - - - - X 
24 Discinopsis gul ielmi (Mat-

thew) - - - - - X 
25 Protorthis  bi l l ingsi (Hartt) - - - - - X - X 
26 Protorthis latourensis (Mat-

thew) - - - - - -
- X 

27 Protorthis quacoensis (Mat-
thew) - - - - - -

- X 
28 Bill ingsella coloradoensis 

(Schumard) - - - - - --
- - - X 

29 Eoorthis hastingsensis 
(Walcott) - - - - - - X - - X 

3 0  Eoorthis papias (Walcott) - ? X 
31 Iphidella ornatella Linrs. - - cf 

32 Iphidella pannula maladen-
sis  (White ) - - X 

Trilobta 
l A gnostus acad icus Hartt - - - - - - - X 
2 Agnostus acadicus declivis 

Matthew - - - cf cf - - - X 
3 A gnostus barlcwi Belt - -- - - X 
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Table .M. (C01ztinued) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
- - - - - - - ·- - - - - -

Trilobita (cont .) 
4 Agnostus barlowi defini-

tus Howell - - X 
5 Agnostus barrand i i Salter - - - X 
6 Agnostus b ilobatus Bar-

rande - - - - X 
7 Agnostus bifurcatus Illing - - - - X 
8 Agnostus claræ Howell - - X 
9 Agnostus cf. exeratus te-

nuis lll ing - - x - X 
10 Agnostus f allax Linrs. - - - cf cf - ·- - X 
1 1  Agnostus f allax conci nnus 

Matthcw - - - - - - - - X 
1 2  Agnostus fa llax trilobatum 

Matthcw cf - cf - - X 
13 Agnostus fallax vir Mat-

thew - - - - - X 
14 Agnostus fissus Lundgren - - - X - - - - X 
15 Agnostus cf. fissus per-

rugatus Grouwall - - - - X 
16 Agnostus fissus trifissus 

Matthew - - - - - - - - X 
1 7  Agnostus gibbus Linrs - - - cf - X 
1 8  Agnostus gibbus acutilobus 

Matthew - - - - - - - - X 
1 9  Agnostus gibbus hybrida 

Brogger - - - cf 
20 Agnostus gibbus partitus 

l\1atthew - - - - - - - - X 
21 Agnostus graci lis llling - - - - X 
22 Agnostus gra nulatus (Bar-

rande) - - X X X 
23 Agnostus i ncertus Brogger - - - - cf 
24 Agnostus k jerulfi llrogger - - - - cf 
25 Ag nostus lævigatus cicer-

oides Matthew - - - X X 
26 Agnostus lævigatus mamil-

la :vi atthew - - - - X 
27 Agnost us lævigatus terra -

nov i cus Matthew - - - X X 
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Table M. (C ontiuucd) 1 2 3 4 5 6 7 8 9 10 11 12!n'14 l ' 
- -- - -·- - - - - - - - - � --

Trilobita (cont.) 
28 Agnostus longi frons par-

vulus Howell - - - - X 
29 Agnostus nathorsti Brogger - - - - - - - - X 
30 Agnostus nathorsti  conflu-

ens Matthew - - - - - - - - X 
31 A gnostus nud us Beyrich - - - cf cf 
32 Agnostus obtusilobus Mat-

thew - - - - - - - - X 
33 Agnostus parv i frons Li nrs. - - - cf cf - - - X - X 
34 Agnostus parvifrons mam-

millatus Brogger - - - - X 
35 Agnostus parvif rons nepos 

Brogger - - - - - - - - - - cf 
36 A gnostus parvifrons punct i-

fer Hmvell - - - - X 
37 Agnostus parvifron s tessela 

Matthew - - - cf - - - - - - X 
38 Agnostus parvifrons trun-

cata Matthew - - - - - - - - - - X 
39 Agnostus planicauda Ange-

l in  - - - - cf 
40 Agnostus punctuosus A nge-

l in  - - - - X 
41 Agnostus punctuosus Ange-

l in,  var. - - - - - - - - - - X 
42 Agnostus pusill us Tullberg - - - - cf 
43 Agnostus rectangularis Ho-

well - - - - X 
44 Agnostus regulus Matthew - - - - - X 
45 Agnostus rex Barrande cf cf cf X X 
46 Agnostus rex transectus 

Matthew - - - - - - - - X 
47 Agnostus sulcatus Ill i ng - - - ? ? 
48 Agnostus umbo Matthew - - cf cf - - - - X 
49 Agnostus vaningeni Howell - - - X 
50 Agraulos affini� Billi ngs cf 
51 Agraulos ceti cephalus cari-

natus Matthew - - - - - - - - - - X 
52 Agraulos halli anus Matth. - - - - - - - X 
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Table M. (C ontinued) 1 2 3 4 5 6 7 8 9 10 11  12 131 4 - - - -- -- - ·- - - - -- -- - -
Trilobita (cont . )  

53 Agraulos? holocephalus 
1\1atthew - - - - - - - X  

54 Agraulos? nanus Matthew - - - - - - - X  
55 Agraulos? pusi l lus Matthcw - - - - - - - X 
56 A graulos? rob erti Matthew - - - - - - - X  
57 Agraulos social is  Bill ings - - - X  - - - - - X  
58 A g raulos? whitfieldianus 

Matthew - - - - - X  
59 Agraulos? whitfieldianus 

compressus Matthew - - - - - X 
60 Anopolenus henrici Salter - - -- - X 
61 A nomocare magnum Brog-

ger var . - - - - - - - - - - X 
62 Bailiella baileyi  (H artt) - - cf - - - - X 
63 Bai liella b a ileyi arcuata 

Matthew - - - - - - - x 
64 Ba i liella venulosa (Salter) - - - X X 
65 Ba iliella walcotti Matthew - - - - - X 
66 Centropleura pugnax Uling - - - - X 
67 Clarella venusta (Bi lli ngs) - - - X 
68 Conocoryphe aequalis Linrs - - - X 
69 Conocoryphe bullata How-

ell - X 
70 Conocoryphe elegans 

(Hartt) - - X x - - - X 
71 Conocoryphe elegans gra-

nulata Matthew - - - - - - - X 
72 Conocoryphe pustulo5a 

Matthew - - - - - - - - - X 
73 Corynexochus mi nor Wal-

cott - - - - X 
74 Ctenichnites sp. - - - - - - - - - - - - - X 
75 Dolichometopus acadicus 

Matthew - - - - - - - - - X 
76 Dorypyge horrida Matthew 
77 Dorypyge quadriceps valida 

- - - - - - - - - X  

Matthew - - - - - - - - - X 
78 Dorypyge wa satchensis 

acadica Matthew - - - - - - - - - X  
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Table M. ( Ccmtinued) l 2 3 4 5 6 7 
�\_:_ 

10 11 1 2  13 1 4 

1 rilubita (co nt .)  
79 Harttella matth ewi ( Hartt ) - - X - - - - X 
80 H arttella matthewi gem-

minispi nosus Matthew - - - - - - - X 
81 Harttella matthewi hispidus 

::\1atthew -- - - - - - - X 
82 Harttella matthewi perhis-

pidus Matthew - - - - - X 
83 Hartshi llia i nfla ta (Hicks) - - - - X 
84 Holoce pha lina pri mordialis 

Salter - - - - X 
85 Liostr acus glob i ceps jacu-

lator Howell - - - X 
86 Liostracus ouangondi anus 

(Hartt) cf cf X -- - X 
87 Li ostracus ouangondi anus 

aurora Matthew - - -- - - - - X 
88 Liostracus ouangondianus 

emargi natus Matthew - - - - - - - X 
89 Liostracus ouangondianus 

gibbus Matthew - - - - - X 
90 Liostracus ouangond ianus 

planus Matthew - - - - - X 
91 L iostracus tener (Hartt) 
'92 L iostracus tener acumina-

- - X X X 

tus Matthew - - - - - - - X 
'93 Liostracus ten er lævis 

Matthew - - - - - - - - - X 
94 Liostracus valid us Mat-

thew - - - - - - - - - X 
'95 :\'Iicrodiscus (Eodiscus ) 

præcursor Matthew - - - - - - - X  
'96 M i crodiscus (Eodiscus) 

pulchellus (Hartt) - - - - - - -- - - X 
'97 Microd iscus ( Eodiscus) 

punctatus Salter - - - X X 
'98 Microdiscus (Goniodiscus) 

dawsoni Hartt - X  - - - x 
'99 Paradoxides abenacus Mat-

thew - - - cf - - - - - X  
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Tabte M. (C mttinued) l 2 3 4 5 6 
���-

9 lO 11 12 13114 
1--

Trilobita (cont.) 

100 Paradoxides acadicus Mat-

thew ------- X 
101 Paradoxides acadicus sur i-

c us Matthew -- ---- - X 

102 Paradoxides bennetti Sal-
ter X X X ? 

103 Paradoxides da vi dis Hi eks - - - - X 
104 Paradoxides eteminicus 

Matthew - X X ? -- -
X 

105 Paradoxides eteminicus 
breviatus Matthew - - - - - - - X 

106 l'aradoxides eteminicus 
malicitus Matthew ---- - - - X 

107 Paradoxides etcminicus 
quacoensis Matthew - - - - - - - X 

108 Paradoxides eteminicus 
suricoides Matthew - - - - - -- X 

109 Paradoxides f orchhammeri 
Angel in -- ----- -- - - - ? 

110 Paradoxides hicksi Salter -- - X 

111 Paradoxides lamellatus 
Hartt - - X -- X 

112 Paradoxides lamellatus 
loricatus Matthew - - - - -- -

X 

113 Paradoxides re gina Mat-
thew -- ----- X 

114 Paradoxides rugulosus 
Corda - - - - X 

115 Ptychoparia adamsi Bill-
ings - - - - -- - -- X 
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Table M ( Conduded) l 2 3 4 5 6 7 8 9 10 11 12 13 14 
- -"- - - --- -- -- - - --

Trilobita (cont.) 

116 Ptychoparia linnarssoni 
Brogger ---- ---- - X 

117 Ptychoparia linnarssoni 
alata Matthew --- -- ---- - X 

118 Ptychoparia limbata l\ :lat-
thew - --- --- -- X 

119 Ptychoparia rogersi (Wal-
cott) cf 

120 Solenopleura acadica 
Whiteaves - - - -- - - -- X 

121 Solenopleura acadica elon- __l_ gata l\1atthew -- - -- - - X 

122 Solenopleura arenosa Bill-
ings -- - -- - - -- - X 

123 Solenopleura applanata 
(Salter) - --cf cf 

124 Solenopleura communis 
Billings - - - - X 

125 Solenopleura robbi (Hartt) - - - - -- - X 

126 Solenopleura robbi orestes 
(Hartt) - -- -- - --

X 

127 Solenoplcura robbi parva 
l\:Iatthew - -- - ----- X 

128 Solenopleura variolaris Sal-
ter - --- X 

Ostrac(lda 
Beyrichona triceps l\Iatthew --- - - - - - - - -- X 

Leperditia curta -:\1atthew --- ---- -X 

l 
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the Acadian beds, which, as we have seen , Iie disconforn1-

ably upon tl}e Catadoxides beds of the Hanfordian have a 
total th ickness of 302 ft. and they have been divided by 
Howell into 3 zones as follows in descending order . 

3. Zone of Paradoxides daviclis (Beds 93-125) 
Kellegrew Brook formation 31 ft. 

2. Zone of Paradoxides hicksi ( Beds 36-9:3) 
Long Pond Formation in ft. 

l. Zon e of Paradoxides bmnetti. (Bed s 1-3 5) 
Chamberlains Brook formation 234 ft. 

The zone of Paradoxz"des jorchhammcri is entirely 
wanting in this section , the Upper Cambr ian beds with 
Agnostus piszformis, which occur some 30 ft. above the 
highest layer with Paradoxides davidis, term inating thi s 
part of the section. The lower part of this intervening 
series appears to be barren, but just below the to p, a f ew 
fossils have been found which suggest the possi bil i ty that 
the beds separating the highest P. davidis Iayer, (Bed 
125) from the Agnos!zts piszformz"s bed may represent 
either or both of the zones of P. forchhammcri and 
Agnostus laevigatus. Walcott considered tbat Bed 12 5 
represents a basal conglomerate varying from 2-6 inches 
in thickness and containing many dark argillaceous concre
tions, also pebbles of a reddish siliceous rock. This narrow 
band of conglomerate, which is  f ound on both side s of the 
r iver, is taken by Walcott as the base of the Upper 
Cambrian . 

Howell rather questions this interpretaticn because he 
says "Many of the pebbles, concretions or whatever they 
may be that occur in it, appear to show by their shapes 
and posJttons that they could not have been rolled into 
place" (Loe. dt. p. 63). The bed in questicnn�arks the 
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dividing line "between the fossiliferous shales of the Par
adoxz'des davidis zone and the superjacent barren mcasures 
of unknown age." 

The on ly fossils from bed 12 5 occur in the masses 
of phosphatic material, not in the surrounding matrix and 
hence "it is possible that the phosphatic masses of this 
bed are really fragments of older deposits." (Loe. eit.) 

\Vhether the true conglomeritic nature of these beds 
is  established or not, there can be little question that a 
hiatus exists between the Middle and Upper Cambrian beds 
of this section. 

The very detailed analysis to which Howell has sub
jected these beds, gives us an excellent record of the 
range of the faunas. It is true that Howell has come to 
W.\e conclusion that he has "discerned no good evidence of 
subaereal erosion in any part of the Paradoxides section at 
Manuels." 

"The varied character of the sediments involved" he 
continues "proves that the condition of deposition changed 
from time to time, some of the beds, such as the phos
phatic ones at the base and summit, may possibly indicatc 
some sort of stratigraphical break, for some or all of their 
phosphatic bodies may really· be pebbles that have been 
rollecl into place, but no good evidence of the erosion of 
any bed after its consolidation has been found, nor have 
any suncracks or indubitab]e ripple-marks been discovered" 
(Loe. cit. p. 62 ). Howell considers that the suggestion 
of ripple-marks is due to the unevenness of the upper and 
lower surfaces, caused by the development of a nodular 
structure. He finds such evidence in beds l, 4, 21, 24 
and 27. 

In considering the various beds of this  section and 
thci1· faunas somewhat in detail, it is perhaps pos sihle to 
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make. a sliRhtly more detailed subdiv ision. Tl1lls while 
Paradoxides be1znetti Salter runs through the entire 237 � 
ft. of his Bertnetti zone ( beds 1-35 ) , and is only question
ably represented in the next higher bed, we find that it is 
present alone only in the lower 139 ft. and 7 inches, that 
is in his beds 1-18 or to be more exact in beds 1-13 
which aggregate 3 1  ft. and 7 inches. Bed 13 conta ins 
many black, probably, phosphatic nodules in some of the 
beds, and lenses of uneven upper and lower surfaces usually 
from 1-4 ft. or more broad and from a few inches to l. 
ft . thick. The faunas of beds 1-1 8 ( chiefly 1-13) are 
l isted in Col. l of Table M. Bed 14, 2 ft. thick has 
furnished n o  f ossils . Bed 15, 40 ft. thick is very poor 
in fossils , containing an undetennined species of Paradoxi
des (rare) Liostraczts cf. ouangondiamts which here makes 
its first appearance and an undetermined Hyolithid, all of 
t hem rare. Bed 16, which is  Il ft. thick contains no 
fossils, whi1e bed l 7 which i s  15 ft . thick has only furni
shed Liostracus cf. oztangondimzus ( Hartt,) whicn i s  rare . 
Again Bed l 8, which is 40 ft. thick has furnished no 
f ossils .  Thus we ha ve he  re  a group of  beds l 4 to  18 
with an aggregate thickness of l 08 ft . which are mostly 
unfossilifcrous, the only significant species being Lz'os
tractts cf. oumzgondianus which is a new arrival in this 
region. 

Bed l H, 4 ft. and 5 inches thick, is aga in f ossili
ferous and consists of 2 beds of tough nodular shaly lime
stone enclosed between, as well as separated by, 6 inch beds 
of bluish gray shale. Paradoxides bennetti i s  again com
mon, but with it Pa,radoxides cf. etemi1zicus Matthew makes 
it first appearance and is oommon.  Another common form 
is Lz'ostracus cf. mtangondianus (Hartt,) whi1e Conocoryphe 
bu/lata Howell and Goniodiscus dawsoni (Hartt) make the ir 



MIDDLE CAMBRIAN OR ALBERTAN PULSATION 439 

first and last appearance here. The other fossils too are 
rare. They are listed in Col .  2 of table M. 

The next succeeding bed (No. 20) with a thickness 
of 82 ft. appears to be again unfossiliferous and consists 
of altemating greenish gray and bluish gray shales. These 
beds separate bed 19 which may be called P. bennet!t" 
eteminicus zone from the next succeeding division beds 21-
35 which is again markedly fossil i ferous and has an aggre
gate thickness of 11 ft. 6 inches, Both P. bemzetti and 
P. eteminiClts continue, but in Bed 21 , which i s  only 7 
inches thick Paradoxidø> lamellatus makes its first and 
last appearance in this sect ion. This may then be called 
the P. bemzet!t" eteminicus lamellatus zone. 

The other fossils assoc iated with this are 

Liostractts cf. ouangondianus ( Hartt ) (rare ) 
Harttella matthewz· (Hartt) common and first appear-

ance 
Lt.JZffltlella .ferruginea Salter (rare ) 
Ae1�othele sp. 
Acrotreta cf. gemmula Matthew (rare, first appear

ance ) 
Micromitra ( Iphidella ) cf. onwtella ( Linnarsson) first 

and only appearance in this bed. 
Steno!heca sp . 

The bed is a tough nodular gray limestone with un
even up per and lower surf aces, which Howell thinks are 
probably due to the nodular character of the bed and not to 
eroswn. Scattered crystals of iron pyntes occur . 

The first 2 species continue into bed 22, which is 
one inch thick, but P. lamellatus does not occur again. On 
the other hand, in the next succeeding bed No. 23, which 
is. 8 inches thick Paradoxides pan•ocu!?ts Howell makes 
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its first appearance. Its last recorded occurrence IS 111 bed 

26. \Ve have thus :1 new combination which continues 

for 2 ft. and 4 inches, and may be called the P. bemzetti 

etemin·icus-parvoculus zone. 

P. bennctti an d P. ctcminicus continue to bed 3G, 
when both disappear, although the former is no longer re
presented by positively identified individuals in bed s 33-35, 
which occupy the upper 2 Yz ft. of this clivision. Again P. 
bennettt' is doubtfully recorcled from bed 41. They are 
replaced by the new zone foss il Paradoxides hicks·i. In 
Col. 3 of Table M are given the fossils recorded from 
beds 2 1  to 35. The next succeed ing series of 37 ft . 

constitutes the P. hicksi zone of Howell. 

As touching on the question of abrupt fauna! change, 
we may here note that the typical last occurrence of Par
adoxides bemzetti is in bed 32, where it is associated with 
P. etcminicus which extends to the top of Bed i35, when 
it disappears, being followed by l Yz inches of unctuous 
white shale covered by Yz inch of soft blue shale. This 
bed contains no fossils , but is followed immediately by beds 
with Paradoxidcs hz'cksz·. \Ve should however note, that 
after the normal disappearance of Paradoxides bemzetti 
fragments doubtfully identified with it occur in the succeed
ing 2 Yz feet of I:mestones. Such fragments have been 
found as high as bed 41, some 9 ft. above the point of 
last appearance, and about 6 Yz ft. above the base of the 
P. hz'cksi zone. In like nlanner rare fragments doubtfully 
identified as P. ctemz'niczts occur in bed 49, more than 9 
ft. above the base of the P. hz'cksi zone or the top of 
the last normal occurrence of P. eteminicus. These frag
mentary occurrences need not necessarilly be explained as 
the continuance of the spec ies, but might very well indicate 
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broken fragments from the older horizons included in the 
newer ones. If that is the case they serve to indicate t he 
existence of a hiatus, between the Bennetti and the Hicksi 
zones.  That the two faunas are on the whole distinct, is 
shown by the f act that out of the 2 7 species recorded 
from it, 4 or about 15 per cent come up from below. 
One of thesc is  the wide-ranging Lz"ngulella ferruginea. 
Of the others Lt:l)stracus tener, abundant in  the upper part 
of the Bennetti zone, recurs in  beds 38 to 40, thus  ex
tending for about f) ft. into the Hicksi zone, which is as far 
a s  the f ragmcnts of P. bemzetti extend above the last normal 
occurrence of the species. The same thing may be sa id 
of the next species, Conocoryphe elegans, which recurs in 
beds 40 and 41, that is bed s which Howell has called the 
transition zone. The third species of tri lobite Agnostus 
gramt!atus, must be cons idered a persistent type, since, 
it not only occurs in various beds of the Hicksi zone, but 
continues into the Dav id is  zone. Thus there ::t re 2 wide
ranging forms and 2 t ri lobites which extend only into the 
so-called t ransit ion beds, that i s  beds which contain frag
ments of the characterist ic  t rilobites of the underlying zone. 
If the interprctation, that these are reworked beds, is 
correct, t hen these trilobites may aJso be weathered out 
inclusions, though of course, there is  no p roof here that 
they are not also persistent types. 

If w e  now summarize these lower zones, we note that 
P. bennettz" i s  the first to make its appearance, continuing 
for something less than 30 ft. (See Text-Fig. 1 1). Then 
during an interval when l 08 ft. of strata is deposited, 
thi s trilobite is absent, after which it appears again abruptly 
in bed 1 9, but with it appears a new fo rm P. eteminz.cus, 
which is a zone fossil of the Middle Cambrian beds at 
New Brunswick, where P. bennetti does not occur, although 
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Howell holds that it is represented by P. regma. After 
continuing for an interval of about 4 � ft ., both these 
trilobites disappear from the l\hnuel's region, while 82 ft. 
of barren strata are deposited. 

Then they both return to continue to the end of the 
zone, but with them occurs an invasion of P. lameflatus, 
another New Brunswick zone fossil . This however, con
tinues only through a bed 7 inches thick, when it is re
placed by P. parvoculus which remains during the deposition 
of some 2/3 ft. of strata after which it also disappears. 

vVith the appearance of Paradoxz'des hicksi the other 
species of Pm-adoxides, as we have seen, disappear, except 
for the sporadic occurrence of more or less in  determinable 
fragments. But near the Middle of the Hicksi zone, we 
have another abrupt incursion of a New Brunswick zone 
fossil namely Paradoxides abe1zacus, though in this case, 
the identification is only comparative. This extends through 
beds 51 and 52 which have a thickness of 2 ft. 4 inches. 

Turning now to the Paradoxides davidis zone, we 
find that it ranges through the upper 30 ft. of this series. 
In the highest 4 inches it is represented only by doubt
fully identified fragments. Paradoxides hicksi has dis
appeared, except for a doubtfully identified fragment in bed 
l 01 about 9 � ft. above the base. A new form, one of 
the European fossils Paradoxides rugulosus makes its 
abrupt appearance in a phosphorite-bearing bed (No. 1 15). 
This bed 2 ft. 8 inches thick, has 7 species restricted to 
it, namely Centropleura ( Anopolemts) henn'd (Salter) 
Solenopleura variolaris (Salter ) Solenopleura communz's 
Billings, Holocephalina pr·imordialis Salter, Ag1tostus lae
vigatus mamz'lla Matthew, Stenotheca cf. cornucopia Salter� 
Hyolithes cf. tenuistriatus Linrs. 4 other species have here 
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their last appearance and only 3 Agw,osti continue onward 
as do the Paradoxides. Of these however P. rugulosus 
disappears in  the overlying pyritous shale 9 inches thick, 
where one of the Agnosti also disappears. It is of inter. 
est to note, that underlying this bed i s  a hard heavy-bedded 
dark-gray limy shale, full of fragments of Paradoxz"des 
davz"dis. This i s  bed 114, which has a thickness of l ft . 
and six inches. Below it is another bed ( 112) full of 
triiobite fragments. Do these beds mark exposure with 
fragmentation of the trilobites and d id  the renewed marine 
invasion bring with it the Paradoxz"des 1'7tgulosus and the 
7 other new species which here appear suddenly? This 
possib1e l ine of interruption between Becl 114 and 115, 
lies 22 ft. above the base of the Dav idis zone, that i s  
above the midclle of  that zone. P. davz"dis itself seems 

to continue . 

Although the leading trilobites are distinct, there i s  a 
greater similarity between the faunas of the Davidis and 
the Hicksi zones. Out of the 41 species l isted from the 
zone ,  1 3 or nearly 32 per cent, are held over from below. 
These are 

Solenoplcura cf appla1zata, characteristic up to the base of 
113, 

Baileyella venulosa rare in l 09 and 113, but common m 
bed 88 of the upper Hicksi zone, 

Eodisczts punctatus, widely ranging through both horizons 
up to 115, 

Agnosbts 1'ex, rare in l 09, 112, hut frequent in the lower 
zones, 

A. gramtlatus already referred to as a persistent form, 
extends to bed 11 O. 

Agnostus cf. acadicus dechvis extends to 115. 
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Agnostzts cf. parvijrotzs rare only i n  bed D9, near the 
bottom of the Davidis and rare in 90 or 
Dl, near the top of the H icksi zone, 

Agnostus laevigatus terranovicus Matthew, characteristic of 
the Davidis zone up to bed 115. Occurs only 
and that rarely in  bed 90, 2 ft. below the 
top of the H i cksi zone 

A. laevzgatus ciceroz.des, common and rather widely rang
ing, in both Davidis and H icksi zone. 

Agnostus cf. nudus, characteristic of both zones but not 
extending above 110, 

Li1zgulella .ferrztgi7zea, wide-ranging through the Bennetti 
and the lower Hicksi zone, but occurring 
on ly as rare individuals in Bed l O l of the 
Davidis zone. 

Acrotreta misera, typical of both zones, but not extending 
above bed l 09. 

Recalling the remarks made about the poss ible break 
between beds 114 and 1 15, we see that most of these 
forms that have come up from below do not extend beyond 
this point. 

We may now summarize the several Paradoxides zones 
of the sections studied. In desceQ.ding order these are 

I. Bornholm. zone of Paradoxides .forchhammeri 
zone of P. davidz·s and P. rugulosus 
zone of P. tessz.ni 
zon e of P. hicksi 

Il. Andrarum and Oeland. Southern Sweden. 
zone of Paradoxides forchhammeri 
zone of P. davidis · and P. brachyrltachis 
zone of P. tessini 
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zone of P. hicksz' 
zone of P. oelandt'cus and P. sjogrem· 

Nuneaton \tV anvickshire England 
zone of P. dav·idis 
zone of P. rugulosus 
zone of P. ht'cksi 
zone of P. aurm�a 
zone of P. sjogrem� 

Comley. Shropshire England 
zone of P. davidt's 
zone of P. ntgulosus 
zone of P. intermedius 
zone of P. o·roomt <> 

V. St. Davids, South \V ales. 
zone of P. rfavidis 
zone of P. kicksi 
zone of P. aurora 
zone of r. har knes si 

VI. Manuels, Newfoundland 
zone of P. davidis and P. 1�ug·u!osus 

zone of P. hicksi and P. cf abenaczts 
zone of P. parvunculus 
zone of P. lamellatus 
zone of P. ctcmim'cus 
zone of P. bemzettz' 

VII. St. John, I\'ew Brunswick. 
zone of P. abenacus 
zone of P. efemi1Z·icus 

zone of P. lamcllatus 

Jf we now compare these various zones, we see that 

there is considerable discrepancy, only the Paradoxides· 
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davidis zone bein g found in all the section s except that in 
New Brunswick. It has been customary to consider the 4 
zones of the Swedish region as typical namely P. oelandiczts 
at the base, P. tessini, P. davt�dis, and P. forchhammen:, 
and correlate, as best may be, the zones in the other sec
tions with these. Thi s practice is bascd on the supposi tion 
tltat all these sections are complete i.e. without breaks in 
continuity, an d that therefore in each section the deposits 
th.ere found represent the entire M iddle Cambrian interval, 
except where either the lowest or P. oelandz"czts zone was 
missing at the base of the section as i n  Bornholm, or the 
highest P. forchhammerz· was missing as i n  England or 
Newfoun dland, though even here attempts were sometimes 
made to find representatives of thcse beds. 

If however, we consider the possibility that none of 
these sections are complete throughout, and that in all of 
them \Ve find a greater or lesser number of gaps, separat
ing the zones, then we are not restr icted to the 4 standard 
:zones but may have twice or 3 times that nun-:ber. Some 
of these may be present in several, others possibly only 
in one or two districts, being elsewhere represented by gaps 
due to actual emergences. For the supposition that exten
sive areas may remain submerged for long periods of time 
without sedimentation and without the invasion of the 
faunas found i n  neighbouring districts, appears to me 
something of a geological myth. Such conditions might be 
possible for a few years, but can hardly be expected to 
oontinue for centuries, and if we give the Middle Cambrian 
its proportionate share of the full length of Palæozoic 
time, we are not dealing with centuries, but with millen
iums, and at the very !east with several thousan d  of these. 
To assume that in such a length of time, with continuous 
submergence, only 4 meters of sediments can accumulate,. 
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is placing a rather heavy burden on the imag inat ion of the 
geologist. It seems far more l ikely that such a succession 
represents repeated emergences for considerable t ime per
iods, generally one at the end of a zone of deposition, 
followed by resubmergence, with the invasion of a new 
fauna . That during the emergence a portion of the pre
vious sediment should be rendered available for reiricorpora
tion in a succeeding deposit i s  to be expected, and this 
would in itself readily account for the inclusions of frag
ments of the Iarger, and more or less unbroken parts of 
the smaller trilobites and other organic remains of the 
older in the newer series. It m ight be profitable to keep 
this suggestion in mind as a working hypothesis to  guide 
further field researches in the detailed zoning . 

1f we now attempt to range these successive Paradox
·ides zones in the order of their appearance, it is prob
able that the succession would be somewhat as follows 
beg inning with the oldest. ( See Text-Figs 11 and 12). 

l. Zo1te of Paradoxz'des oe!a1tdicus a1td P. sjogreni 
(Text-Fig. 11). It i s  very probable that this is to be 
regarded as the oldest zone, despite its I imited distribut ion, 
which as we have seen is restricted to Southern Sweden 
though P. sjogrem· has been found l 00 ft . below the top of 
the Purley shales in Nuneaton England, and that as illing 
suggests, may represent this zone. There are however 
several hundred feet of Iower strata in that section, before 
we come to the known Lower Cambrian and it is not 
impossible that an older Paradoxides zone may be found, 
or else represen tatives of the Hanford ian and possibly the 
Dugaldian. 

2. The P. hark1tessi Zo1te. (Text-Fig. 12). Although 
there is no section known, in which the relation of this 
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Text-Fig. 11. Diagrams showing in black rectangles, the relative positio n and tbe 

vertical ranges of the several dominant species of Paradoxilks in the Mi ddle Cam
brian of 

l. Manuels Brook New Foundland (llowell) 
2. Nuneaton England (Illing) 
3. Andrarum Sweden (Moberg) 
4. Bornholm Is!. Denmark (Westergaard) 
They are all drawn to the same soale, as g iven, and the reference line is tbe 

base of the P. davidis zone. (See Text) 



MIDDLE CAMBRIAN OR ALBERTAN PULSATION 449 

St. Davids 
S. Wales 

.;p 

l ,.., 

� 
i �-

� :-. 
:;;,- � <;• ,... ;"! 
!:!. QJ c:: 

Cl ..., QJ 

� ;"! 

� "' 
ii: 
�· 

;;:p ,.., 
:r QJ 
;:; ,.... ::. "' 
�-

Comiey 
Eng l. 

� 
� o "' c: "' 

ap :-. 
:;· 
� .... :l <b 
� Zi .J' ... 

(IQ 
o o �-

Nunealrm 
England 

g> QJ il" 
o .., 
� � .... 

o 

g 
� !l 
� & 

g 
:; 
o 

Text-Fig. 12. Diagrams shnwing in black reotangles, the relative po&itinns, and 
the ranges of the dominant species of Paradoxid�ts in the Middle Cambrian of 

5. St. Davids South Walt-s (Hicks) 
6. Comley district England (Cobbold) 
A different scale is used as indioated because of the greater thickness of the 

seetions, but the Nuneaton ranges (2) are reproduoed on the same scale to faeilitate 
eomparison with Fig 11. The reference as in Fig. 11, is the base of the P. dav idis 
zooe (For further details see Text) . 
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to the preceding zone is shown, it is probable that thi s  
constitutes the second invading fauna, though there is no 
proof that it may not antedate the P. ælandicus zone. 
P. harknessi is the lowest zone in South Wales, (Text
Fig. 1 2 )  but though we know that it occurs in yellow 
·sandstones of · division F, 1 50 ft. thick, and in the succeed
ing 1 500 ft. of gray purple and red rock ( Dev. G) we 
do not know its zonal distribution,  frequency, or state of 
preservation in these formations. It is quite possible that 
a part of the 1 500 ft . of Division G of the section may 
represent a barren interval, which would provide room for 
the P. ælandicus zone. Again the lowest P. harknessi sand
stone, is preceded by l 000 ft. of purple sandstone ( division 
E) and this may represent the barren interval, equivalent 
to the Oelandicus zone. All that we know is that the P. 
aurora zone, occupies the next higher d ivision ( H )  gray 
rock 1 50 ft. in thickness, but whether this zone follows 
immediately upon the Harknessi zone or is separated from 
it by an interval, is not known. In the Nuneaton district, 
the P. aurora zone is separated from the lowest P. sjogreni 
zone ( ?  = Oelandicus zone) by an unknown interval of l 00 
ft. of shales. This may include the horizon of P. hark-
1tessz .  But i t  must not b e  forgotten that there i s  also a 
lower zone, below the lowest zone · of Nuneaton, which 
leaves space for the Harknessi zone. On the other hand, 
the striking fragment limestone of the upper Oelandicus 
zone of Sweden i s  suggestive of a long period of exposure 
in post-Oelandicus tip1e, and therefore makes possible an 
interval for the Har�nessi zone. 

3. The P. gr()otni Zone. This is the lowest zone in 
the Comley district where the clastic beds �nclosing it rest 
disconformably upon the Protolenus or older horizons. It 
is succeeded there by 000 ft. of shales without Paradoxz"des 
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and by 4 ft . of grits with Dorypyge lakii. . Cobbold cor
relates this entire group of beds with the Oelandicus zone, 

. but this is merely in deference to the prevailing op inion 
that the f our Swedish zones represent the entire Middle 
Cambrian. P. groomi probably belongs later in the suc
cession and it is very probable that it i s  younger tha"lt 
the P. hm-knessi zone, but it is more difficult to decide 
whether it belongs below or above the P. attrora zone, 
since there is nothing to guide us with certainty. There 
is another fact which wc must not forget, namely that 
Illin g recogn i zed a distinct hiatus and disconformity in the 
lower part of his section ( in A3 ) below the horizon in 
which S. mtrora actually was found. This hiatus may have 
a greater sign ificance than he was willing to assign to i t, 
and it may i ndicate the place of insertion of the Groomi 
and the east American zones which precede the Hicksi 
zone. The P. kicksi zone follows the Aurora zone both 
in St. Davids and at Nuneaton. On the other hand in 
Newfoundland the Hicksi zone is preceded by a considerable 
series of beds with at least 4 other zones represented. 
We therefore consider that these 4 zones also fall below 
the Aurora hori zon s. I have placed them above the Groomi 
hori zon, but that is purely tentative and due to the fact 
that we do not know the exact posi tion of the P. groomz·, 
with reference to the other hor i zons. W e do know how
ever that in the Comley district the P. groomz· hori zon is 
separated from the next succeeding one, with P. inte1'meditts 
not only by 300 ft. of shales without Parado:ddes, but 
also by a great hiatus and erosion interval ( see ante p . 
4 l o ( 6 I 2) ). This gi ves room he re for an y num ber of 
additional zones. 

4. The P. betznetti Zone. This is the lowest zone 
in the Manuels section of Newfoundland, wherc it  rests dis-
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conformably upon the Hanfordian . Howell correlates i t  
with the Harknessi-Aurora and Groomi zones of Great 
Britain and the P. sjo gre1zi zone as well , but since there 
are only 3 species of Agnostus common to the Bennetti 
zone and one or the other of the European zones ref er red 
to, and since only one of these A. granulatzts Barrande 
is  positively identified from Newfoundland, this correlation 
does not seem to have a very strong foundation . Moreover 
A. granulatus ranges from the Aurora to the lower Davidis 
zone in the Nuneaton district and occurs in the Nantpig 
of North Wales. 

Again of the other two species mentioned, A. exm'atus 
temn·s, ranges throughout the entire series from the Aurora 
to the upper Davidis bed in Nuneaton , while the other, 
Agnostus rex, ranges through the Aurora and both the 
lower and upper Hicksi beds of Nuneaton . 

The only other fossil in common between the New
foundland and British zones is Lz"?Zgulella .ferruginea, which 
occurs in the Rugulosus and Davidis  zones of Comley and 
in both the Cæred and the Nantpig formations of North 
Wales. Paradoxides ben?Zetti i tself was originally descri
bed by Salter from the Newfoundland region) 

This trilobite occupies the lower 3 1  � ft. of the 
section ,  ( Fig. 1 1 ) though in the first 3 ft, it is repre
sented only questionably. After that it disappears and the 
next l OS ft. of strata are mostly barren except for 
Liostracus cf ouangondianus . After this interval P. bmnettz: 
appears again in bed 1 9 , and continues for 4 ft. 9 inches, 
while a new form P. eteminicus appears at the same time. 
Both however again disappear in the next 82 ft, which is 
barren . Both then reappear in bed 2 1  and continue to 

1 Quarterly Journal Geol. Soc. of London 1859 Vol. XV, p. 552. 
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the end of the zone after which they are represented by 
fragmentary specimens of mostly doubtful identification in 
the transition beds of the P. hicksi zone as already noted. 
( ante, p. 440 ( 6 36 ) )  P. bennetti is not known from any 
other locality. 

5 .  P. etemz"nims Zone. This was first described 
from the Acadian of New Brunswick, where it forms the 
second zone ( C l c2 ) be ing preceded by the Paradoxides 
lamellatus zone. If however, the identification of P. ete
mz"nicus in bed l 9 is correct, then that species really 
precedes P. lamellatus, since the latter only comes in with 
the reappearance of P. cteminicus and P. bennetti in the 
Newfoundland section more than 82 ft. above the first 
appearance of the former. 

It may of course be true that P. lamellatus really 
appeared earlier, than P. eteminictts as assumed by Mat
thew, and the fact that it only occurs in bed 2 1  of the 
Newfoundland section means that it is merely a sporadic 
recurrence or perhaps a left over. This species too has 
not been reported from other localities. 

6. Zone of P. lamcllatus . This species occup ies the 
lowest bed ( C  l c l ) of the Acadian series of New Bruns
wick and there it was found by Matthew to underlie the 
P. eteminicus zone. Though as we have seen, it really 
appears later than P. ctcminz"cus i n  the Newfoundland sec
tion, but that may not be its true zonal position. If not, 
the order of the 2 zones should be reversed. 

7 .  Zone of P. parvoculus. It i s  questionable whc
ther thi s should be regarded as a distinct zone, since it only 
occupies a small interval, i. e . ,  2 ft. 4 inches appearing im
mediately above the bed in which P. lamellatus occurs. 
Like that species , it is a companion of P. etemz"nz"cus and 
P. bennetti and it probably has not distinct. zonal value. 
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8 .  Zone of P. aurora. This i s  the lowest zone in 
the Abbey shale of the Nuneaton district occupying divi sion 
A4 above the hiatus and disconformity in A3.  According 
to the range-table published by Illing it wholly precedes the 
P. hicksi zone though

. 
that species is also found, though 

rarely, in D ivision A4 . The Aurora zone occupies about 10 
feet at Nuneaton but continues through 1 5 0 feet at St . 
Davids. 

9. Zone of P. ht"cksz�. This is a very important and 
wide-spread zone. In St. David' s South vVales, it occupies 
divi sion I, which is 300 ft. thick and immediately succeeds 
beds with P. aurora. It is not known at Comley, but 
although it occup ies less than 39 feet in the Nuneaton 
district it  also follows the P. aurora zone . In Sweden it 
is doubtfully recorded from the "Fragment l i mestone, " i s  
represented by a variety in  the Exsulans l imestone ( 5 . 5 8  
ft. ) and occurs aga in i n  the M. scan-icus zone ( 5 ft ) . 
Throughout this  higher part, i t  is accompan ied by P. tessini. 
The same relation holds true for Bornholm , where the P. 
hicksi zone is the lowest in the entire succession, occupying 
the Exsulan's  limestone and the overly ing Ag-nostus parz,i
frons bed . The thickness it occupies however is less than 
2 ft . On the other hand P. tessim." continues t o  a much 
higher horizon. The Hicksi zone is thus so wide-spread, 
occurring in  all the sections except the Comley, that we 
must regard i t  as a distinct zone. 

10. Zone of Parado:C'ides abenacus. This zone too 
was first recognized in New Brunswick, and .i ts only other 
occurrence is in Newfoundland, from 1 3- 1 5 1 /3 ft. above 
the base of the Hicksi zone, which . however continues 
beyond it. In the Newfoundland region , the ider t ification 
is not wholly without doubt and it may be that here too 
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we have ihcluded fragments from a horizon which really 
helongs below the Hicksi zone. 

1 1 . Zone of P. intermed·ius .  This  is only known 
from Comley where it forms the second zone, occupying 
the Comley breccia bed, which is separated from all the 
underlying beds by a disconformity and in some cases at 
least by 3 0 0  ft. of strata. Cobbold correlates it wi th 
the P. hz"cksz· zone and when the Comley and St. David's 
are compared, i t  is seen to fall in the upper part of the 
inter val occupied by that form. But we do not know what 
zones are cut out in this great disconformity and since P. 
·intermediu:s has so far been found only in this one section, 
it may well occupy the horizon between the P. hz'cksr: and 
the next succeeding zone, which in the St . Davids and 
Newfoundland regions is the Davidis zone, but elsewhere 
the two are separated by the Tessini and the Rugulosus 
zones. 

1 2 . The P. tessz"JZ-i Zone. This is known only from 
Continental Europe, where it is typically developed in Scania 
and in Bornholm. In both it begins with the Exsulans 
limestone simultaneously with P. hicksi in Bornholm, but 
somewhat later than the first appearance of that in Scania. 
In the latter region, it ranges through some 60 ft. of strata, 
extending into the Davidis zone, where however, it is very 
rare, and probably represents a sporadic  inclusion from the 
lower horizon. For as we have seen there is good reason 
for believing in the existence of a disconformity betwe�n 
the Tessini and Davidis zones. 

13 .  Zo11e of P. rugulosus. This is typically deve
loped in Comley and Nuneaton, in both of which localities 
it underlies the Davidis zone. In Nuneaton it rests on the 
Hicksi zone, but in Comley, it is separated by 300 ft, of 
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practically unf()ssiliferous rocks from the preceding P. inter
medz"us zone. · As we have seen, the Tessini  zone also 
comes bet\yeen the Hicksi and the higher zones, so it · 
would appear that that zone belongs just below the Rugulosus 
horizon . It is true that in Bornholm P. 1'ztgulosus occurs in  
the Davidis horizon, and that P. tessz"ni is also represented 
there, but if we consider that there i s  a hiatus between · 

the Davidis and Tessini zone as previously suggested, we 
can understand that material from several lower horizons 
may be included secondarily in the highd:· zone. 

In Newfoundland too the Rugulosus zone is found, i ts 
only occurrence however being in beds 1 1 5 and 1 1 6 within 
the Davidis zone and from 22 ft. to 25 ft . 5 inches above 
the base of that zone. Either then these 2 forms existed 
simultaneously or else the older forms inclusions in the higher 
beds, and this is barne out by the Bri tish section where 
P. rugulosus distin ctly precedes P. davz"dis . Finally i t  
should be said that P. hz"cksz· is also reported from the 
Davidis bed of Newfoundland, occurring in bed 10 1 ,  from 
7 ft. 1 1  inches to 9 ft. 5 inches above the base of the 
Davidis zone. S ince this  is a questionably identified frag
ment, it probably represents an inclusion from belo\•• as in 
the case of Scan ia and not a recurrence. P. rugulosus 
is also a zone foss il in Spa in and Mon tagne No i re, in 
France. 

1 4 .  P. davidis Zo1ze. This is the best characterized 
zone throughout all the sections occurring, as already noted, 
in all the northern except the incomplete New Brunswick 
sections.  At St. Davids i t  occupies 3 5 0 ft. of strata and 
follows the Hicksi zone. At Comley, i t  occupies 1 8  inches 
and follows directly on the Rugulosus zone. In Nuneaton 
it occupies about 4 ft . and follows the Rugulosus zone 
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with an interval between, but P. rugulosus recurs in the 
highest 2 2/3 ft. of the Davidis zone wher.e it is rare 
and may represent a secondary inclusion . In 

, .
Andrarum. 

this  zone occupies also only a few feet and lies on the 
Tessini zone with a sporadic recurrence of that species, 
probahly an inclusion, and with it is associated P. brachy
rhaclzis .  In Bornholm it occupies less than 3/4 of a foot 
and appears to be associated with P. ntgulosus and the 
last occurrence of P. tessz"1Zi. Finally in Newfoundland it 
occupies some 30  ft . of strata and likewise contains in its 
upper portion what is  e ither a recurrence or an inclusion 
of P. rugulosus and lower down probably an inclusion of 
P. hicksi. Finally as we shall see P. davz"dz·s is absen t 
from the northern section ( Spanish and Montagne Noi re 
regions) and from the Polish region in the far East. 

1 5 . Zo1te o.f P . .forchhammeri. This is widely dis
tributed throughout the continental part of Europe being 
known as far east as Central Poland and even in the 
Siberian Basin of Russia. Throughout the Scandiavian re
gion i t  is the terminal member of the series and this is 
true for the Mon tagne Noire reg ion as well . It is how
ever, absent from all the regions of the western border of 
the geosyncline, that is  from all the British and east 
American sections, though the zone has been cited from 
Cape Breton where so far only the brachiopod facies has 
been found . 

It must be clearly understood here that this arrange.. 
ment in to l ;, zones instead of the original 4, which have 
always been considered as occupying the entire interval is 
purely tentative, and based on the assumption of discon
tinuous deposition and repeated invasion of the Acadian sea 
from the

· 
center of evolution . \Vhether all or even most 

of these zones will tnm out to be valid, depends on future 
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careful zonmg, and the study of recurrent lower types in 
higher horizons, to determine whether or not they represent 
mechani cally included fragments . It i s  therefore merely 
suggested as a guide for future research . 

Other Localities in the Caledonia1z Geosyncline 

Having reviewed the importaut sections in which zonal 
arrangement of the species of Paradoxides is recogn i zed, 
we may briefly note the more or less incomplete or inade
quately studied M iddle Cambrian sections, in other parts of 
this geosyncline. (See Plate Il b.). 

Eastern 11fassachusetts. In the Braintree region south 
of Boston, Paradoxides has long been known from the 
Hayward quarry, l this being the first Paradoxides found 
in America. The rocks consist of a series of green i sh 
argillites often interbedded with reddish slates and not 
infrequently intruded by granite . The th ickness, though 
considerable, is unknown, since the beds are all much dis
turbed and neither basal nor upper contacts are known. 
The fossils so far obtained from these beds are the 
following 

Paradoxz.des harlmti Green 
Pm-adoxides haywardi Raymond 
Ptychoparia 1·ogersi (Walcott ) 
Agraztlos quadrmzgztlaris ( Whitfield) 
Agnostus cf. rex (Barrande) 
Acrothele gamagei ( Hobbs) 
Hyolithes shaleri ( Walcott ) 
Hyolithes? haywardensis Grabau 

1 See Grabau. Cambrian Terranes or the Boston Basin. · Occas
ional Papers of the Boston Socidy of Natural History, Vol. IV 

part 3, pp. 601-604, pls. 31 -38 
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P. harlmtt" has been thought to be allied to P. ben
uetli, and it is with the lower part of this zone that 
Howell correlates these beds. There are two species in 
common between the Braintree fauna and that of P. bennetti, 
namely Ptychoparia rogersi ( Walcott) and Agnostus cf. 
rex ( Barrande ) . Howell thinks that P. bennetti & P. 
!tarla1zi are closely related if not identical. StiU it appears 
from Salter's figure of the type, and from his description 
that P. bennetti is a J?Uch broader form, and if the two 
are distinct, as I am inclined to think they are, we may 
perhaps have another zone represented by the Braintree 
slates. They mark the south-western-most extension of 
the Paradoxz"des beds on the Atlantic coast. 

Iberian Peninsula. Middle Cambrian beds appear to 
be wide-spread over Spain and Portugal, extending into 
southern Fraace, where they are known from the Montagne 
Noire. 

Neither Lo\Ver nor Upper Cambrian seems to be 
present, but only the Acadian Paradoxides beds. One of 
the best devP.lopments is in the Province of Aragon, in 
northeastcrn Spain, 'vhere outcrops in the vicinity of the 
village of Murero and on the Jiloca River, south of the 
Ebro, ( approximc>.te Long. 1° 30' W, Lat 41°, 30' N.) 
give a nearly continuous suteession. The strata here are 

inclined but not strongly faulted or folded.l 
The section in descending order is as follows. 

Super formation Tertiary beds . 

.!Iiatus and Unconformity 
Cambrian beds. 

13. Unf ossilif erous shales, passing in thcir 
upper part into the Gres Armoricain �00 m 

l Douville R. La Peninsula lberique. Handbuch der Regionalen 
Geologie. Heft. VII, (Vol. HI, pt. 3) pp. 9, lO, 'Fig. 7. l911 (?) 
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12. Shales with some Sands tone beds and 
beds with Scolt:thes and Tigz"!#tes 

11. Fissile shales. Unctuous to the touch, 
non-f ossilif er o us 

l O. Green shales, wi th large Paradoxz'des 

9. Unfossiliferous shales, with beds of 
dolomitic limestone? 

8. Green sandy shales, ferruginous and 
non-f ossilif erous 

7. Very ferruginous shales, with strongly 
sandy beds passing into sandstones with
out fossils 

6. Reddish shales, more or less ferruginous 

5. More str ongly red-coloured beds, with 
small ferruginous Iayers 

4. Greenish argillaceous shales, with spots 
of red, f ossilif er ous 

3. Green and grayish shales, with quar tz ite 
bed, non-fossiliferous 

2. Mari y shales, f erruginous and non
fossiliferous 

l. Greenish shales, with Pm-adox·z'des 

50 m 

20 m 

25m 

10 m 

6 m 

15-20 m 

10 m 

20 m 

10 m 

8 m 

15 m 

The base of the s ection is not shown nor ts it known 
what the underlying strata are. Again, there is no clear 
indication in the recorded section where the upper border 
of the Acadian is to be drawn. In any case above Division 
l O the beds appear to be of continental type, this indicat
ing the retreat of the sea. Continental sedimentation pro
bably continued to Lower Ordovician time, the sea return
ing early in Lower Ordovician time, as shown by the 
fossiliferous members of the Armodcain sandstone. 
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The Midclle Cambrian fossils apparently all belong to 
one zone that of P. rttgulosus, or , if there are several 
zones present, they have not been differentiated; The fol
lowing are the characteristic species. 

l. Paradoxides ruguloszts Corda, Very abundant 

2. Paradoxides pradoanus Barrande 

3. ConocorJphe sulzeri Schloth. 

4. Conocoryphe heberti Munier-Chalmas et Bergeron, 
very abundant 

5. Conocorype coronata Barrande 

6. Solenopleura rz"beroi Barrande 

7. Solenopleura cf. rouazrouxz Munier-Chalmas et 
Bergeron 

8. Ag1tostus sallesz· M-Ch. et Berg. 

The same fauna has been found in other parts of 
Spa in, z·. e. in the Toledo Mountains in the province of 
Ciudad-Real in South Central Spain; in the Province of 
Leon and the Asturias in north\'•.;est Spain, and in the Can
tabrian Mountains. From none of these localitites however 
is a det ailed section available. The locality at Villa Boim 
in eastern Portugal has already been referred to ( ante p. 
93, (II9))· No section is available, but the list of fossils 
quoted by \Valcott contains, as already noted, a curious 
mixture of Middle and apparently Lo\ver Cambrian fossils, 
which means that the collections were not kept distinct. 
The identifications of the trilobites probably need revision. 

JJ:fontag?te Noire, France. The southern extension of 
the Central Plateau of France (Long 2-30 E, Lat 430 25' 
N) which rises through a mantle of younger deposits, has 
the general character of 2 anticlines, in the centers of 
which the crystallines are exposed by erosion. One of 
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these is Montagne Noire. The older Cambrian here has 
been thought to be affected to some extent by the met
amorphism, so that it has been held that towards the 
centers of the anticlines the Cambrian slates grade into 
mica schists, and the limestones into epidote and amphibole 
rocks. 

The thickness of the Cambrian beds appear's to be 
very great, the estimates being 2000 meters. The lower 
beds are chiefly continental sandstones but locally with 
Kutorgz"na. They probably represent the Lower Cambrian. 
The higher beds underlying the Tremadoc shales are 
unfossiliferous Upper Cambrian sandstones. Between the 

. two are marine Midclle Cambrian beds, and these in des
cending order comprise the following: 

C. Upper Shates with: 
Paradoxides cf. forchhammeri 
Lz.ostracus cf. Hnnarssonz" 
Solcnopleura canna# 
Agraulos difformz"s 

and others 

B. Middle Shales, Yellow and violet, with: 
Partuloxz"des mu!iterraneus Pomp� 
Partuloxides cf. pradoanus 
CotWcoryphe coronata 
Cønocoryphe heberti 
Conocoryphe levyz" 
Solenopleura rz"be?:roi 
Agnostus sal!esi 
4gnostus ,eL, .glandiformz·s 
Trochocystz"tes bohemz"cus 
Trochocystites barrandz"i 

and others 
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A. Lower dark limestones with 
Paradoxz'des rouvillt"i 
Conocoryphe coranata 
Conocoryphe hebcrti 
Holocephalina holocephala 
Solenopleura cf. ribet.1'0i 
Lz'ostraczts couloumanus 
Agrazt!os ceticephalzts 
Agraulos longicephalus 
Corynexochus delagei 
Microdisczts cf. scu!ptus 

and others 
It thus appears that both the Paradoxides forchham

mcrz· and the P. rugztlosus beds are here represented, but 
the Paradoxides davidis beds seem not to be present, 
unless indeed the Rugulosus bed represen t them. Some of 
the leading species of the P. rugulos,us zone are also found 
in the beds of that . zone in Aragon, and elsewhere in Spain, 
as comparison with the list on p. 461 (657) will show. 

Sardi1zia. The Cambrian beds of the Island of Sardinia 
are a part of the deposits formed in the old Mediterranean 
extension of the Caledonian geosyncline, the same extension 
in which the Cambrian of Spain and Montaigne Noire 
were deposited, while in the extreme end of this extension 
the Cambrian beds of Syria were formed. We have here 
thus a Mediterranean arm from the Caledonian gcosyncline, 
which probably was the forerunner of the Tethys of the 
later geological periods. 

The age of the Sardinian deposits has long been in 
doubt and it has been a general custom to refer them to 
the Lower Cambrian. They comprise a series of argil-
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lutites rich in trilobites, alternating with quartzose sand
stones, and dark limestones. Some of the sandstones are 
unfossiliferous and strongly cross-bedded and are regarded 
as beach or dune formations, while others show their true 
beach character by the occurrence of trilobite shields, 
Lin gula shells and /J rchæocyathids, spread out in a manner 
closely comparable to the conditions seen on modern flat 
sandy beaches. 

The argillaceous beds abound in trilobites the early 
stages of which are often abundantly represented. First 
among these in point of importance, is the genus Olenopsis. 

(O. zoppii Meneghini, O. b01�nemanni Meneg., O. mzcrur

oides. Bornemann, O. lo?Zgispinalus Bom. ) 
The genus Co?Zocephalus is represented by 5 species, 

and another remarkable trilobite is the genus Metadoxides, 
with which the Caladoxides of· the Hanfordian of New
foundland was once idcntified.l The original locality from 
which Bornemann and Meneghini described these Sardinian 
fossils was at Iglesias and Canalgrande. According to 
Bornemann the succession at Canalgrande is as follows in 
descending order. 

4. Sandstones with trilobites ( Giordanella ) and 
A rchæocyalhus. 

3. Extensive alternations of sandstones, with Olenop
sis, Metadoxides and other trilobites and lime
stones with Archæoc;•athus and Cosdnocyathus, 
with Lingu!a shales and coarse sandstones with. 
Cruziana or Bi!obites. 

l Bornemann. Die Versteinerurigen des Cambrischen Sthichten

systems der lnsel Sardinien. Nova Acta d. Kaiserlich-Leopold

isch-Cø.rolisch-Deutschen Akademie der Naturforscher, Bd. Ll .. 

No. l, 1886, Bd. LVI, No. 3, 1891 
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2. Massive limestone beds. 

l. Alternating layers r ich in trilobites and quartztttc 
sandstone with sponge remains, also dark lime
stones. 

From several of these strata Meneghini and Bornemann 
described fragments of Paradoxides among them P. getznat'i 
Men. and P. bifidus Born . which Pompeck j regards as perhaps 
belonging to the group of Paradox·ides rugulosus. Another 
species described by Bornemann i s  P. asper, the generic 
position of which i s  questioned by Pompeckj, though he 
thinks that i f  it i s  a Paradoxides, it is probably referable 
to the gro up of P. spinosus Boeck. The exact p os i ti on of 
the Paradoxides in the stratigraphic series of the Sardinian 
Cambrian i s  still in doubt, but Pompeckj holds that they 
could only come from horizons l or 3 of Bornemann, or pos
�ibly from both, which would place these beds in the Middle 
Cambrian instead of the Lower as originally assumed. The 
sandstones of division 4, with A1·chæocyathus and Gior
danalla were referred by Frech to the Tremadoc, since 
Giordanella resembles A1tgelina, a typical Welsh Tremadoc 
form. 

Recently Pompeckj has described some additional Cam
brian trilobites from a new locality, La Cabitza, which lies 
about 30 km E of Canalgrandc, but only about 5 km S.E. 
of Iglesias.l The rocks here are steeply inclincd and are 
vari-colored fossiliferous shales ranging from violet or claret 
color to yellow or ochre when weathered. From these beds 
he has described the following species. 

1 G. F. Pompeckj. Versteinerungen der Paradoxid es Stufe von La 

Cabitza in Sardinien, und Bemerkungen zur Gliederung des Sar

dinischen Cambrium. Zeitschrift der Deutch. Geo!. Gesellschaft, 

Bd. 53, 1901, pp. 1-23. 
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Paradoxides mediterranezts Pomp. (of P. rugulosus group) 
Conocoryphe lzeberti Mun.-Chalm. et J. Berg. 
Conocoryphe levyi Mun.-Chalm. et J. Berg. 
P t;•choparia sp. 

The dose similarity of this small assemblage to the 
Rugulosus fauna of Montagne Noire is evident and empha
sizes the fact that both belong to the same basin of de
position. Pompeckj has regrouped the trilobite faunas of 
Sardinia in the following manner. 

Division C. Fauna with Gz"ordanella dilatata Bornemann, 
Anomocare arenivagum Menegh. and Archæ
ocyathus z"chnusæ. 

Division B. Fauna with Olenopsis and .lt:fetadoxides and 
(?) Paradoxz"des asper etc. 

Division A. Fauna with Paradoxides mediterraneus, Con
ocoryphe hebert i and C. levyi (La Cabitza 
fauna ) 

Pompeckj would put all these divisions, even division 
C, into the Middle Cambrian. His reason for placing the 
higher division in the Midclle Cambrian rather than the 
Tremadoc is first, the entire faunal distinctness from that 
of the Tremadoc of Montagne Noire, and secondly the pre
sence of Anomocare and the fact that Giordanella dilatata 
ts a dose relative of Anomocare. This highest fauna may 
then represent the Forchhammeri horizon. 

It is still a matter of some uncertainty whether the 
rich Archæocyathid fauna described by Bornemann from 
Sardinia occurs in beds altemating with or in those over
lying the Cambrian faunas. The stratigraphy of Canalgrande 
is involved because of disturbances, and unfortunately the 
outcrops are no longer accessible and no one appears to 
have studicd the section since Bomemann's time. I have 
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repeatedly expressed the opinion that the age of the Ar
chæocyathid beds might be post-Cambrian , for the fact that 
the same species occur in Siberia ( Torgoshino limestone) 
and South Australia, makes the question of distribution one 
of great difficulty, i f  they are of Cambrian age, whereas. 
if they belong to the Tremadoc or early Ordovician, their 
distribution offers no difficulty. At present no final ansvrer 
can be gi ven to this question. 

Syria. The ult imate extension of the Middle Cambrian 
sea in the Mediterranean region is found on the side of 
Wadi Saramudj in the Wadi el Araba district of Arabia 
Petraia, about midway between the Deacl Sea and the 
Gulf of Akaba. ( approximately Long . 350 301 E, and 
between Lat 30 l and 31 o N.) Here a formation of red 
sandstones l ies discordantly upon the pre-Cambrian volcanic 
and other sediments, with a maximum thickness of about 
240 meters .  The base of the series consists of conglo
merates and coarse rubble rock in which the blocks are 
fragments of the old crystallines but l ittle worn, giving the 
aspect as if they were formed at the foot of a cliff.l 
Above these are red sandstones of uniform character and 
regular horizontal bedding with occasional layers of thin 
pebble hands and layers of magnetite grains . These beds 
are followed by red and green-gray marls 14 meters thick, 
and these pass upward into a ser ies of hard dolomitic 
limestones, dolomites, s iliceous limestones, and quartzites, 
from 50 to 60 meters in thickness .  There are occasionally 
coarse oolite grains, and in some of the layers more or 

less sil icified shells of brachiopods ( Siphonotreta) and 
Hyolythids are found. In some sect ions fragments of large 

l Can thi s  be an old ground-moraine? See the position on the 

map. Plate Il. 
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trilobites have been found, which suggest Paradoxides. 
Others suggest the occurrence of Ptyclzoparia. Of interest 
is the presence of copper in these deposits. 

\Vhile this is suggestive, the identification of the 
fossils is by no means sufficiently accurate to determine 
the age of these beds as Middle Cambrian .  lndeed, it is 
not even certain that the beds are Cambrian at all. In 
any case, they mark a temporary invasion of the sea after 
a long period of purely continental ( possibly in part glacial ) 
deposition .  

The Bo!temian Basz·1z. The classical section for the 
Cambrian of the continent of Europe in central Bohemia, 
presents still many puzzling questions, especially in regard 
to the degree of the completeness of the sections and the 
relation of the several parts to the more northerly development. 

Although the thickness of the series is equal to, if 
not greater than, any other found on the continent of Europe, 
the fact remains that the greater part of the series is 
-composed of non-marine sediments. Frequently a portion 
of these have been placed in the Lower Cambrian but there 
i s  no convincing palæontological proof that either the Lower 
Cambrian or the early Middle Cambrian (Dugaldian and 
Hanfordian) are present. 

The most complete succession is f ound in the vicinity 
of Przibram in Central Bohemia, about 35 miles S. W. 
of Prague, ( Approximately Long. 1 40 E, Lat 490 40' N.) 
The succession according to Kettnerl i s  as follows in 
descending order. 

1 Bull International du L' Academie des Sciences de Boheme, 
Prague 1915. Sbornik Statniho, Geologickeho, Ustavu Ces
koslovenske, Republiky. Prague. Vol, Ill, 1923. French summary. 
Vol. V. 1925 (see table p. 48). Summarized by Bubnoff, Geo ... 
logie von Europa 1930, Vol. Il, part I, p. 436. 
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Upper Cambr·ian. Cr 

Cr Brezove Hory conglomerates 400-500 meters 

Similar to the conglomerates of 
Ca4 but containing fragments of the 
underlying Jince shales. lnterbedded 
are siliceous shales of oolitic  structure. 
Northward the thickness decreases to 
200 meters. 

Middle Cambrian. C{j 
C[3 ji?Zce Shales 200-250 meters 

Gray-green shales, which in the 
type region show little bedding structure 
and contain the famous Primordial 
Fauna of Barrande. Southward this 
division dwindles to 80-120 meters. 
The bedding becomes more pronounced 
and sandstone beds are intercalated 
while the shales become unfossiliferous. 

Recently the following zones have been established m 

this series: in descending order. l 
5. Zone of Lingulella walcotti 

4. Zone of Ellipsocephaltts hoffi 

3. Zone of Paradoxides bohemicus 

2. Zone of Stromatocystites pentangularz's and Para
doxides spinosus 

l. Zone of Paradoxides rugulosus 

For list of species see Table VII 

1 Kettner, R. Deux excursions dans d' Algonkien et le Cambden 
de la Boheme. Zvlastni Otisk z. Vestniku Statniho Geolog. Ust. 

· Cesk. Rep. VII, 3, 1931, p. 39. 
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Lower Cambrian Przibram Series Ca ( in part probably
continental Middle Cambrian ) 

Ca4 Tremosna conglomerates 175-300 meters. 
Predominantly light-coloured, very 

hard conglomerates with white quartz 
pebbles and quartz-sand cement. Near 
Przibram, where the thickness is reduced 
to 130 meters, it i s  occasionally of 
reddish colour. ( Svatahora facies ) pos
sibly equivalent in part to the Milec 
conglomerates farther Northwest . 

Ca3 Sadek-Bohutz'n graywacks 500-600 meters. 
Reddish, green ish and gray sand

stones, alternating with clay shales. 
Cross-bedding i s  common, and so are 
ripple-marks and mud-cracks. Siliceous 
shales and  conglomeratic graywacks 
form a defini te horizon in this series. 
The greatest thickness is at Przibram, 
thinning away in all d irections to 300 
meters. 

Ca2 Hlubos conglomerafe 350-500 meters 
Chiefly with quartzite and liddite 

pebbles, embedded in a reddish ground 
mass.  The greatest thickness is N.  E. 
of Przibram. Towards the Northwest 
they decrease to 150 or even 60 meters. 
Southwestward they pass into quartz 
sandstone and conglomerates and cannot 
easily be distinguished from the overly-
ing or underlying formations. 

Ca l Zz'tec conglomerate 20-100 meters-
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Variable conglomerates of greenish 
-colour, with chloritic cement. They 
contain pebbles of nearly all the rocks 
of the Algonkian (Sinian ) , and granite 
and gneiss fragments as well. 

The source of the :;ediments evi
dently was in the Old-Land to the 
south and east of Przibram, and the 

overlap i s  towards the Northwest. Also 
in the northwest, the marine transgres
sion reached earlier, as is shown from 
the sections in the departments of Skrej 
and Tej rovicel . 

The succession here is as follows in descending order. 
Cp'3 VosNIK co�GLO:.IERATE 

Complex conglomerate, with many varieties of 
pebbles , only found at Tej rovice . 
Cp'2 SKREJE PARADOXIDES SiiALES. 

Cray-green shales, sometimes sanå.y in the lower 
part. The fauna is very rich, conta ining 
Paradoxides 7 species. 

( Including P. spz·nosus, P. rotundatus etc. ) 
Agnostus many species 

( including A. 1zuclus and A. bibullatus) 
Conocor;-phe 2 species. 

1 Pompeckj, Die Fauna des Kambriums von Tejrovice und Skrej 
in Bohmen. Jahrbuch der Geologischen Reichsanstalt (Rundes

anstalt) Vienna, Vol .  45. 1895. 

Kettner R. La Geo!ogie du Cambrien de Skreje et de Tejro

vice, et des terrains environants. With Geol. map. Sbor ni 

Statniho geologickeho Ustavu Ceskoslovenskc Republiky. Vol. 

Ill, 1923 French Summary p. 52-63. 
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Ptychoparia several species including Pt strz"ata and 
Pt mar gz"nata 

So!enop!eura 2 species 
Agrau!os 2 species 
E!!ipsocepha!us 3 species 
Sao hz"rszda 
Trochodstz"des etc. 
Acrothe!e, Ac1'otrata, Ortht"s etc .  

According to Pompeckj the relationships are most 
pronounced with the Middle Cambrian of Scandinavia and 
England, cven more so than with the corresponding beds of 
Southem France. He correlates these beds with the P. 
tessz·m· and P. davidis zones, i.e. the Menevian of England. 

Cp'l TEJROVICE SANDSTONES and conglomerates underlain 
by brownish-gray graywacks with an abundance · 

of Bi!!ingsel!a romingen·. The fauna comprises: 

Trilobites 
Paradoxz"des sp. 

* Ptychoparia cf. striata Emmr. 
Ptychopan·a emmrichi Barr. 

* Ptychoparia cf. mar ginata Potnp. 
* El!ipsocepha!us vetustus Pomp . 

Brachiopoda 
Billz"ngse!la romt.ngeri ( Barr. ) 

* J amese!la per pasta Pomp. 
*] amesella kuthani Pomp. 

Gastropoda 
He!cimzel!a tmuis Smet. 
Helcionella lata Smet. 

* He!cio1zel!a ava Perner 
* He!cz"onel!a pompeckji Perner 

He!cz"one!la media Smet. 
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Helcionel!a anu!!ata Smet. 
Pelagiel!a jahni Smet. 
Pelagie!!a lohovicmsis Smet. 

* Pelagiel!a perneri Smet. 
C a' 4 JVfi!ec conglomerate Light coloured conglomerates 

& sandstones with the oldest fauna of Bohemia . 
The following have been listed: 
Trilobita 

Paradoxides perneri Smetana 
Paradoxides kustai Smetana 
Paradoxides wa!cotti Smetana 
Paradoxides tejrovicensis Smetana 

* Ptychparia striata Emmr. 
""Ptychoparz·a e.f. mar ginata Pomp. 

Ptychopan·a sp. nov. 
* El!ipsocepha!us vctusflts Pomp. 

E!!ipsocepha!us sp. nov. 
Conocoryphe contjroJtS Pomp. 
Solozop!ettra? torzfrons Pomp. 
A,:;raulos sp. nov. 

Brach iopoda 

*lamese!!a kuthani Pomp. 
*l amesc!fa perpasta Pomp. 
l amesella perpasta macra Pomp. 
l amcsel!a perpasta subquadrata Pomp. 

Gastropods etc. 

* Pclagiel!a cf. per?Zeri Smetana 
Pelagic!la sp. nov. 

""Helcione!la ( Cal!oconus) ava Perner 
* Hc!cio?Zc!la pcmpeckji Perner 

It has been suggested that this represents the Oeland
-lCUS horizon, but the distinctness of the fauna is apparent. 

At the base near Skreje are breccias 
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Hiatus tZ?zd uncon.formity 

PRE-CAMBRIAN crystallines etc. 

In general then, while continental deposits were form
mg in the south, marine sedimentat ion began in the more 
northern section . 

In his table ( loe. cit 1923 p. 59) Kettner correlates 
the three divisions CJ3' l, Cf3'2 and G.B'3 of the Skreje 
and Tej rovice region with the J ince beds of the Przibram 
and Jince regions but still considers the underlying Milec 
beds Ca'4, which Pompeckj thought to be Lower Cambrian, 
as referable to the l\Iiddle. This is certainly borne out 
by the fauna, for though that is  distinct, it i s  a Middle 
rather than a Lower Cambrian fauna, carrying as it does 
four species of Parmloxides. On the whole it is not so 

different from the next succeeding fauna C.B'l for at least 
8 or 50% of the 16 specifically named forms of Ca'4 

pass up in to this next h igher bed Cf3' l. These are marked 
by asterisks . It i s  however quite different from the 
normal J ince fauna. 

Tlze Bavarimz extemion. West of the Bohemian 
border in the Frankenwald of Bavaria South Germany, two
interesting Middle Cambrian faunas have been discovered 
and described by A. \Vurm.l (See map, Plate Il b) 

l A. Wurm. Ueber ein Vorkommen von Mittel-cambrium (Para
doxides Schichte n) im bayrischen Frankenwald bei \Vildenstein, 

sud)ich Presseck. Neue3 Jahrbuch fur Mineralogie etc. Beilage· 

Band Vol LII, B, 1925 pp. 71-93, pl. Ill. 
A. Wurm. Ueber eine neue Mittelcambrische Fauna aus dem 
bayrischen Fra nkenwald und ihre Bedeutung fur die Stratigra

phie des iilteren Paliiozoicums. Neues Jahrbuch fur Mineralogie 
etc. Beilage-Band LIX, Abt. ll, 1928, pp 31-47 plate V. 
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The f ollowing is the general succession in· descending 
order, including the formations of both localities . 
Super.formatz"on. Tremadoc.  Leimitz Beds . 

Hz'atus and Disconformz't;• 

Middle Cambrian 
5.? Orthis  shales of Poppengriin 
4.? Dobra sandstone 
3.  Paradoxides beds of W i ldenstein 
2. Red shales and sandstone series of Schwarzenbach 

and Conocoryphe beds of Lippertsgriin. 
l. Border Shale series. 

Hz'atus and Uncon.formz't;' 

( Lower Cambrian absen t ) 
Sztb.formatt'ort Precambrian gneiss. 

The exact age of the Lower Border shales ( Rancl
schief er Serie) is not known, but W urm places them in 
the Midclle Cambrian. No fossils have been founcl in  this 
series. In a number of localities effusive diabases occur 
in the series showing that this was a pcriod of vulcanicity. 
These beds rest on gneiss. 

The lowest fossil iferous horizon is that at Lipperts
griin west of Hof and about l 5 miles west of the 
Bohemian border. ( Approximately Long. 11 o 50' E, Lat. 
500 20' N.) The fauna here occurs in reddish and yel
lowish somewhat quartzitic shales, which alternate with flaggy 
sandstones and carry nodules of limestone. The series is 
several hundt ed meters thick, though exact measurements 
are i mpossible as the beds are included in an extensive 
series of apparently isoclinal and steeply dipping strata. 

In the heart of the Frankenwald at Culmitz, shales of 
similar petrographic character are called the Schwarzenbach 
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series. They were formerly referred to the Upper Devo� 
nian, but the discovery of Middle Cambrian fossils in what 
appears to be the same series leaves little doubt that they 
too belong in this lower hor izon . 

The following species are described from these Lip-
pertsgriin beds . 

Conocm/yphe heberti Mun .-Cha1m. et Berg. 
C01zocor y p he coronata ( Barrande) 
Solenop!eura ribeiroi ( Barrande) 
Sao hz"r suta Bar rande 
Paradoxides sp. 
Trochocystz"tes 

This fauna is referred by \Vurm to the horizon of the 
Exsulans bed of the Scandinavian series, which, i t  will be 
recalled is in  the T essini zone. There are 3 species char
acteristic of the Bohemian middle divis ion and one, Con
ocoryphe hebertt·, which is typical of the lower and middle 
division of the Montagne Noire ser ies and the Span ish 
Paradoxz"des beds. This last species is also found in Sar� 
dinia, and appears to be represented in Bohemia as well. 
A higher Middle Cambrian fauna has been described from 
the Bavarian Frankenwald at Wildenstein, south of Presseck 
( Approx Long. 11 o 30' E. Lat. 500 l 5' N. See map Plate 
Il b. ) Thcse beds have been named the Wildenstein series. 

The rock consists of graywacke-quartzite, quartzit ic 
clay-sb.tes, and, less frequently, quartz it ic  sandstones. The 
graywacke is generally micaceous, sometimes the sandstones 
are somewhat arkosic, and locally the color indicates much 
i ron oxide. The quartzit ic clay-slates that chiefly carry the 
fossils, are markedly bituminous, the bituminous matter 
forming i rregular concretions or cloudy impregnation centers. 
The molds of the trilobites are generally covered with 
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"them. Wurm holds that the deposits were formed in shal
low water . 

The mode of occurence of the fossils has some inter
est. The trilobites are mostly fragmentary, the head shields 
predominating. Some of the strata are entirely filled with 
fragments.  Of an ochery quartzite from the Roslein dis
tr ict, Wurm remarks "that it carries quantities of trilobite 
fragments, often i n  a remarkable state of preservation, 
showing the surface sculptures. The fragmentation and 
destruction is largely of a primary nature and resulted in 
strongly agitated waters . Enti re exo-skeletons, such as are 
-common in Bohemia, are here among the rar ities." vVurm 
here resorts to the usual explanation for the cause of such 
fragmentation, but we have already ra ised the question in 
an earlier part of this article, whether such explanation i s 
really valid. Fragmentation under subaerial conditions dur
ing emergence, and subsequent reassemblage of the fragments 
in layers by gravi tative assortment in  the readvancing sea, 
seems a more normal explanation of the phenomenon, but, 
.as previously remarked, one that must also be subjected to 
rigid test. The effect of the commingling of the faunas 
·of two zones, fragments of the older and more or less 
complete individuals of the latter, deserves consideration in 
this connection. The fauna described from these beds com
prise the following determined forms. 

Paradoxz.des spitws-zts Boeck 
Ptychoparia striata ( Emmr. ) 
Agrau !os ceticepha!us Barrande 
Agrau!os frankenwa!densis Wurm 
Conularia schloppensis Wurm 

Besides these, there are unidentified trilobite fragments, 
3 specifically unidentified Conularias, 3 specifically uni-
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dentified Hyolithes, Orthis sp, and remains of cystoids 
and cirripedes. Wurm points out the fact that there are 
no species in common with the older fauna of this region 
i. e.  the Lippertsgrlin fauna, but that there is dose analogy 
with the younger Bohemian fauna,  with which indeed it  
has all except the new species in common. 

Central Poland. The Lower Cambrian of the Ste. 
Croix Mountains of central Poland has already been given, 
( see p .  9 9 ,  I25 ) and the approximate location of the 
region has been indicated. The Protolenus fauna also has .  
been given in Table Ill  Col 2 1  and referred to in the 
discussion of that hor izon (p .  3 5 7, 553 ) . We may now 
summarize the remainder of the section, though leaving the 
discussion of the Upper Cambrian for a separate articie . 

Sectt"on in the Ste. Croi:x: Mts. ( Swz"ety Krzyz ) of 
Central Polandl 

SuPERFORMATION Tremadoc . Glauconite sandstones. 
u PPER CAMBRIAN 

l O .  Shales and quartzites with the Peltztra scarabæoi
des fauna. 

9b. Shales and quartzites with the Parabolz"na fauna. 
9a .  Shales and quartzites without fossils . 

.liiatus and Disconformz"ty 
MIDDLE CAMBRIAN 

Acadian 
8b Coarse sandstones with poor fauna including 

Ellipsocephalus po!ytomus and Parado:x:z"des sp. 

1 J. Czarnocki . Le Cambrien et sa fa une dans la partie centrale 
du massif de S-te Croix. Bull. du Service �ologique de 
Pologne vol. IV, liv. 1-2 pp. 189-207 , 1927 , (Polish) Ibid: Extr. 
du Compte Rendu XIV Congres International, 1926 Madr,d 1927. 
18 pp. 
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Sa Coarse sandstones but somewhat finer than the 
higher beds, white and yellow and green ish shale 
layers. 

The following species have been recorded : 
Pm-adoxides poloniczts Czarnocki 
Paradoxides slowiecensis Czarnocki 
Paradoxides tessini Brongn . 
Paradoxides lamberti Czarnocki 
Liostracus lz'nnarssoni Ang. 
Solenopleura brachymetopa Ang. 
Solenopleura bucculen!a Gronw. 
Agraulos cf. quadrangu!aris Whitf. 
Strenue!!a wz'mmzi Czarnocki 
Str enue!!a.'P mober gi Czarnocki 
E!lipsocephalus cobboldi Czarnocki 
Ellipsocephalus multiformis Czarnocki 
Conocoryphe sp . 
Acrothele granulata Lnrs.  
Lingulella siemiradzkiz' Walcott 
Mz'ckwitzia variabz'lis Czarnocki 

7.  Fine-gra in ed sandstones without fauna. 

Probable hiatus and disconformity 

Hanfordimz 
6.  Shales with sandstone layers and a rich fauna 

with Pro!olenus as the leading type. (The fauna 
i s  given in Col. 2 1 .  Ta ble IlL ) 

5.  Light green shales, with light-coloured sandstone 
layers and a rich fauna, with Ellipsocephalus 
predominating.  This and the fauna of Division 
4 below are listed in Col 20 of Table Ill. 

4.  Sandstones and sandy shales with a poor fauna .  
Strenuella kiaeri, Hyolithes, Lz'ngulella, etc. 
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Hiatus and Disconformity 
LowER CAMBRIAN 

Mesonacis Beds. Divisions 3, 2 and 1 .1 
These have been described on pages 9 9 - 1 00,  and the 

fauna l isted in Col . 1 9 of Table Ill .  

Unfortunately I have not. been able to find any record 
of the thicknesses of these beds, in any of the Pol ish 
literature available. 

So far as the available lists of fossils indicate, there 
are no species in common between the Hanfordian ( Pro
tolenus) and Acadian ( Paradoxides ) and a s  already noted, 
the only species which the Hanfordian has in common with 
the Lower Cambrian i s  Stremtella kz"aeri, which ranges 
through all these divisions of the Polish Hanfordian. 

Between the Hanf ordian and Acadian, the hiatus, 
bes ides being indicated by a change in fauna, i s  further 
emphasized by the unfossiliferous sandstone No 7, which 
separates the fossiliferous beds of the two series. The 
far gr eater hiatus between the Middle and Upper Cambrian 
i s indicated by the unfossil iferous beds � a  of the section, 
which d ivides the Parabolina beds of the Upper Cambrian 
from the Paradoxides beds of the Middle Cambrian. More
over the lower fossiliferous zones known in the Upper 
Cambrian elsewhere in this geosyncline, are absent here. 

Division 8b of the Middle · Cambrian has been thought 
to represent the Forchhammeri zone, but even so the still 
higher Ag1zostus laevigaltts zone, known in Sweden, is 
wanting. In like manner the P. davidis zone appears to 

be unrepresented, for division Sa carries the zone fossil 
P. tessini. 

1 The numbering is that used by Bubnoff pp. 631-632 
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In the Pepper Mountains ( G6ry Pieprzowe) of Poland 
on the shores of the Vistula, 3 km, below Sandomir, Gtirich 
has studied an outcrop of steeply dipping, much folded and 
disturbed clay-shales , with extensive intercalations of hard, 
light-gray quartzite in the upper portion, this becoming 
darker towards the top, where a thin conglomerate layer 
with pebbles up to the s i ze of a nut seems to terminate 
the series. In the se beds Giirich l discovered a Middle 
Cambrian fauna . Some of the blocks of the black quartzite 
were completely filled wi th fragments of trilobites, includ
ing the following species .  

Ag1.!ostus fallax Linnrs. 
Agnostus gibbtts L innrs . 
Agnostus sp. 
Liostractts lz"nnarssonz· Brogger 
Paradoxides cf. tessi11i Brngn. 

From these Sandomir beds, apparently Division Sb of 
our section , J .  Sa,msonow i cz2 has obtained Lingulella 'l/t.stulæ 
and Paradoxides? sp. Samsonowi cz also recogn izes an older 
Middle Cambrian fauna, that of the Sloptow sandstones. 
from which he obtained Paradoxides cf. oelandicus Sj ogren 
and Agraulos sp . 

Incomplete as our knowledge of these Polish beds is,  
i t  serves to poin t the probable pathway, by which these 
Middle Cambrian faunas arr ived in Europe. Present in
dication s  point to the Irkutsk Basin of Siber ia as the 

1 G. Gi.irich. Ueber eine Cambr ische Fauna von Sandomir in 
Russisch Polen.  Neues Jahrbuch fi.ir Mineralogie etc. Vol 1,  

1892 P· o9 
2 Sur la Stratigraphie d-..: Cambrien et d e  I'Ordovicien dans la 

partie orienta l e  des Montagnes Swiety Krzyz (Sainte Croix) ·  
Pologne Centrale , Bull . du Service Geologique de Pologne Vol . 
1. French resume pp. 68-70. 1920. 
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center of evolution of this fauna, as it apparently was the 
center of evolution of the preceding Lower Cambrian fauna. 
Some authors (A.  Born and Holtedahl ) have sought to 
derive the fauna directly from the Boreal realm across the 
whole of Scandinavia.l There are however several objec
tions to this. First and foremost we have the absence of 
the entire pre-Acadian Middle Cambrian series, which there
f ore could not ha ve been deri ved from the northern 
region along this  line. Secondly the development of the 
various zones is  so scattered, and there are so many 
interruptions indicating periods of exposure, and moreover 
the formations are so thin, that it does not seem possible 
that this was the pathway of invasion. Thirdly, the 
number of zones represented in Scandinavia is limited to at 
most 4, but since the many other species of Paradoxides 
and other trilobites, whi ch in other sections form distinct 
zones, must have come from the same center of evolution, 
the Scandinavian region cannot be considered as the path
way. For as we have seen, these f::>rms appear suddenly 
and can only be expla ined as successive invasions from 
without, and therefore the central portion of the pathway 
along which this repeated invasion took place should show 
at least a greater array of them, than is  seen in the 
Scandinavian region .  For although interzonal erosion would 
remove some of them, as we know that it has removed 
them from many parts of the Swedish and British region , 
it is not l ikely that such erosion would remove them from 

1 A. Born. Cambrium, Ordovicium, Gotlandium; in W. Solomon� 

Crundzuge der Geologie Vol 2, Pt. 1, 1926. P. Holtedahl. Pal

æogeography and Diastrophism in the Atlantic Artic region,. 

during Palæozoic time, American Journal of Science. Vol 49. 
1920. 
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the entire pathway of the invasion . l The Scandinavian, l ike 
all the other regions at present kno\vn, which carry Middle 
Cambrian deposi ts in the Caledonian geosyncline must be 
regarded as marginal to the pathway of invasion with the 
overlaps on the shallow borders. 

There seems then at present no escape from the ne

cessity of regarding, with Bubnoff, the broad east-west low
land belt of North Germany, between the Baltic and the 
region of the Bohemian and Bavarian Mountains, as the 
pathway of invasion, and that the west Norwegian region 
was separated from the Baltic  regi on by that same Cale
don ian Lz"mc1z2 which Holtedahl has indicated for the 
Ozarkian- Canadian that i s  Cambrovician t ime on his pal

æogeographic  map of the Arctic region .3 Of course we 
know l i ttle or nothing of the formations beneath the Ter-

l Hans Frebold, (Zentren epirogener Hebung als Schwellengebiete 

in  den palii.ozoischen Me eren des baltischen Schildes, und sein�r 

randlichen Teile; -Neues Jahrbuch fur Mineralogie  etc. BeHage

Band LIX Abt. B, pp. 48-79) woul d refer; these disconforrnities 

to local elevations or "Schwellen" (limens, see below) i n  the 

sea-bottom with the formation of island-like land-masses, subject 

to erosion and non-deposition. This would be a satisfactory 

explanation if deposition in the surrroundi ng regions were uninter

rupted . 

2 I suggest thls name for those separating elevations to which 

the Germans apply the name "Schwelle" and for which we 

could use the word szll if that ba d not be en preoccupied for 

intrusive sheets of volcanic material. Limen nsed in this sense 

in a topographical term. If it,  or another suit ab le one has been 

used for such structures before this, I will ingly cede priority. 

3 Olaf Holtedahl. On the Palæozoic formations of Finmarken in 

Northern Norway. America n  Journal of Science 4th Series. 

Vol. XLVII, 1919, p. 102, fig. 8. 
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tiary and Quaternary beds, but unless this can be regardect 
as the pathway of immigration, we are at a loss to find 
another, unless of course we can regard the Atlantic Ocean 
as in ex istence at that time when it might fulfill the 
requirements of a center of evolution of this phase of the 
Cambrian fauna. Then however we are faced with several 
new difficultie5. First among these is the absence, in all 
the sections bordering the Atlantic, of the true Paradoxides 
oelandicus zone at the bottom of the Acadian Series, and 
again the absence of the P. forchhammeri zone at the 
top, both being found farther east. Again we have to 
explain the pathway of communication between the Altantic 
and the North Siberian region, though if there is no con
tinuity of the Caledonian L i men, such commun ication could 
easily be a ff ected along the roadway between Scandinavia 
and Greenland.  In that case however, we must provide 
another barrier to prevent thi s  fauna from entering the 
Palæo-Cordilleran geosyncline. 

If then the Atlantic Ocean was in existence at this 
time, that is,  if  the continents held essentially their present 
position in Palæozoic time, we rnay regard the Atlantic as 
the center of evolution of the Paradoxides fauna, as well 
as the center of evolution of the Ho!mia-Cal!avia fauna. 
For this earlier time however, we rnust erect the Caledonian 
Limen or barrier across the entire North Atlantic to keep 
the Holmia an d Olenellus faunas from intermingling. 

If on the other hand the Atlantic Ocean was not in 
exi sten ce, and the land masses were united into one, as 

shown in Pl. Il, there see:ns i10 other pathway of invasion 
than a former geosyncline, n ow occupied by the North 
German lowlands. In that case however, we meet with 
another difficulty in the Ural Mountains. For to connect 
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the European geosyncl ine with the North Siberian basin, 
such a pathway across the Urals seems necessary. As we 

have already seen when discussing the Lower Cambrian of 
this  geosyncline (ante p. 107, I33) no Cambrian strata 
are known from the Urals, the oldest beds res ting up on 
the crystallines being Devonian or possibly late Silurian. 

Of course it is possible that the Cambrian and Ordo
vician strata of this region were metamorphosed in the first 
elevation of the Urals, or, if they on ce extended across 
some part of the Urals in unaltered form, they were re
moved again by pre-late Silurian or pre-Devonian erosion. 
That for such erosion there was plenty of opportunity, we 
shall see as we progress in o ur studies. Again i t  i s  
possible that the pathway of connection was further south, 
somewhere along the northern border of the Caspian and 
through Central Asia. The recently discovered, and still 
undescribed, Cambrian fauna of the Tianshan region in 
Western China, may throw light on this problem. Middle 
Cambrian beds are recorded from the head-waters of the 
river Ob in western Siberia, as far south as 500 North 
Lat. and as far west as 800 E. Long. The Chinese occur
rences are south of Lat 450. (See Plate Ile). 

Middle Cambrian of Siberia 

The greatest development of the Cambr ian on the 
Eurasiatic Continent i s  in the lrkutsk Basin of Siberia, 
between the Lena on the east and the Yenissei on the 
west. Unfortunately neither the stratigraphy n or the pal 
æontology of this vast region has been studied in detail 
and we are still dependent on reconnaissance work. For
tunately this  was summarized for us by Obrutschew, who 
has made the obscure Russian literature available in his 
Geologie von Sibirien 192(>. He has also given us a 
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summary of the latest and most detailed work of S. 
Obrutschew Jr. for the Angara region from the cataract of 
that river to the Yenissei ,  and this may serve as a basis 
for the discussion of the Siberian Cambrian. 

The Lower 
P· 102 (I28))· 
succession in the 

Cambrian has already been given (ante, 
The Middle Cambrian has the following 

Angara region in descending order . 

Super formation. Upper Cambrian 

Probable hiatus and discotiformity, 
but contact hidden in a concealed interval. 

Midd le Cambrian ( Cm2 ) 
7. Tschadobez Series 

Various bituminous lime
stones and dolomites with vari
colored marl layers in the up
per part. 

250m. 

6. Gra y li mestones and dolomites l 00 m. 

5. Gray limestones and dolomites 
with layers of red and green 

4. 

3. 

marls 1 00 m. 

Dark-gray l imestone 
mite layers. 

L ight-gray dolomites 

with dolo-
100 m. 

lf10 m. 

2. Gray limestones with dolomite 
layers 200 m. 

l. Black bituminous li mestones, 
with layers of red and green 
argillaceous limestones 200 m. 

Probable hiatus and discmiformity 
but contact hidden in a covered interval. 

550-600 m. 

1100 m. 
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Subjormati01z. Lower Cambrian. 
All the limestones and dolomites of the Middle Cam

brian are bituminous with foetid odour (Stinkstein) and 
they have a notable salt (NaCl) content. The only fos
sils reported are Stromatopora-like structures. 

It is by no means certain that the three divisions of 
the Cambrian are here separated by disconformities though 
in some of the marginal districts this has been found. For 
when we consider the great thicknesses of the formations 

. .and their prevailingly calcareous character, it seems probable 
that we have in at least some parts of this region con
tinuity of marine sedimentation throughout Cambrian time. 
lf that was the case, we must expect to find there the record 
of the continuous evolution of the faunas throughout the 
entire Cambrian time. For it is of course obvious that 
this evolution must have proceeded in the Littoral district, 

. and it is not l ikely that all parts of this Littoral district 
of Cambrian time have been destroyed. It is of course 
only the fauna preserved in the deposits of the Caledonian 
geosyncline, with which this basin is concerned, for as is 
obvious from earlier discussions, the faunas of other geo
synclines had separate centers of evolution. But it is prob
.ably only the Siberian region, which is so situated, that 
this record is available, and it promises a rich harvest for 
the future students of the palæontology of the earlier 
Palæozoic rocks. 

In the upper Lena River region; between Kirensk 
( approximately Long. l 090 E. Lat. 560 30' N.) and \Vit
imsk ( approximately Long. 1130 E, Lat. 590 N.) the 
Middle Cambrian is again exposed. In the vicinity of 
Kirensk, the rocks are much disturbed, and here and else
where the limestones of the Middle Cambrian form the 
high rocky banks of the Lena from Kirensk down stream. 
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In this section too, limestones are dominant. Same
times they are well stratified, at others they appear massive 
and siliceous or dolomitic, rarely argillaceous, but often 
bituminous. The texture is variable and sometimes appears 
brecciated with chert veins, but rarely with sandstones. 
Many beds show a concentric structure, suggestive of Stro
matopora. The colors are more often light tut occasion
ally dark-gray or brown. In the upper part of the series 
the rock is thinner-bedded, and intercalations of sandy-clayey 
marls are frequent. In the middle part marls and sand
stone layers are rare, dense uniform limestones predomina
ting. In the lower part finally, the limestones are thin
bedded the colours variable and interbedded layers of 
greenish, reddish, violet and even bright-red marls and clays 
become characteristic. Gypsum too, occurs here and the 
presence of salt is indicated by saline waters. This suggests 
the possibility of salt lagoonal formations at the end of the 
Lower Cambrian retreat, and during the early stages of the 
Middle Cambrian advance. 

The thickness of the entire Middle Cambrian series 
is several thousand meters. A trilobite fauna has been 
found on Peledui River, one of the tributaries of the Lena 
at Witimsk, and on the Lena below Olekminsk (approxi
mately Longitude 1200 E. Lat. 60U N). 

The palæontological studies of Miss B. W. Lermontowa, 
as reported by Obrutschew, gave the following results: 

At the junction of the Sin ja ja River, on the left 
bank of the Lena, about 350 versts below Olekminsk, the 
.base of the Middle Cambrian is shown resting upon the 
marls, clays, and platy limestones of the fossiliferous Lower 
Cambrian black shaly bituminous limestones. Apparently 
.from the lower part of the Middle Cambrian, the follow
ing fossils have been obtained: 
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11-h"crodiscus lenaz"cus 
Agnostus schmidti 
Solenojleura b ituberculata Lermontowa 
Protolenus as·iatz"cus Lermontowa 

Here is evidently the source of the Protolentts fauna 
-of the Hanf or di an. Previously noted species are Ptycho
paria czekanowskii and P. meglizkiz", together with Micro
dz"scus kochz", fiE. lenaicus and Agnostus schmidtz". The 
Kutorg ina cingulata reported from these beds was shown 
by Wa1cott not to belong to that species. As further 
bearing on the relationship with the west European fauna, 
may be stated that the two species of Ptychoparz"a men
tioned, are closely rclated to P? ( fi:ficrodz"scus) amzio Cobbold 
and llficrodz"scus !eJZaicus is dose to M. comleyensis Cobbold 
of the British Protolenus fauna 

At three localities on the Peledui River which JOms 
the Lena below Witimsk, the following species were found 
m siliceous limestones. 

Olenoides s z"berz"cus Lermontowa 
Solm opleura belta Lermontowa 
Ptychoparia.'! rschonsnizkii Lermontowa 
Hyolithes sp. 
R'uto rgina? sp 

These again suggest Middle Cambrian. 
In the extreme southeast of the bas in, on the Ma ja 

.and Aldan rivers, which become confluent on the parallel 
of 600 North latitude (approximately Long. 1350 E) and 
subsequently join the Lena below Yakutsk, the following 
section is reported by Obrutschew in descending order. 

e. Dark-gray, calcareous, qnartzite- l ike sandstone. 
passing into quartzitic flagstones. 

d. Greenish-gray siliceous shales and black c1ay shales. 
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c. Gray and green crystalline limestones. 

b. Reddish-brown and brick-red marls. 

a. Gray-green dense siliceous shales, somewhat marly 
with layers of dark-gray quartzitic sandstone, and 
some light-gray siliceous fossiliferous limestones. 
From the latter, the following fossils were obtained 
at localities between the mouths of the Tschais
kaja and Tschabda, according to the identifications 
of Lermontowa. 

AJZomocare lz"mbatum ( = Coosz"a'? limbata Wal
cott.) 

A?Zomocare dzfjormz"s (Angelin) ( = Agrados dif-
jormz"s Ang. ) 

Anomocare excavalum (Ang.) 
Cetztropleura sp. 
Corynexochus macrophthalmus Lermontowa 
Agnostus aculeatus micropzmctatus Lermontowa 
AgJZostzts laevz"gatus Dalm. (or A. altus Gronw. ) 
AgJZostus gz"bbzts hybrz"da'? Brogger. 
Agnostus parvzfrons'? Lnrs. 

The first 7 of this series determine the age of these 
beds on the Ma ja to be that of the Paradoxides jorch
hammerz" zone, though the last two \vould indicate a Iower 
horizon. The determination of these two however IS un
satisfactory for lack of pygidia. 

It is evident that we are here in the region of the 
shallow marginal zone of the basin, where clay and sandy 
beds predominate. It is of further interest to note that 
this region is less than 400 versts from the shores of the 
Okhotsk Sea. It has in fact been suggested that some of 
the red beds underlying the Devonian on the shores of 
Okhotsk Sea may also belong to the Cambrian. 
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The Wilui River joins the Lena below the great bend 
at Yakutsk approximately on the 64th parallel. Within the 
basin of this river the Middle and Upper Cambrian beds 
are well exposed, the Upper Cambrian on the Wilui and 

the Njuja, the latter a tributary of the Lena between 
Witimsk and Olekminsk. The thickness here is not less 
than 1500 meters. The l\1iddle Cambrian in this section 
consists of a great series of limestones, reddish brown, red 
and greenish gray, coarse-bedded, dense and sometimes 
siliceous. In both the lower and upper part the I imestones 
sometimes become sandy and contain intercalations of red 
sandstones and clays, sometimes with gypsum. Two tril
obites Anomocare pavlozvski·i and Liostracus ma;,de!i were 
identified by Schmidt from these beds and referred by 
Walcott to the Middle Cambrian genus Anomocarella. 

Among the f ormations whose age must still be con
sidered as not fully establ ished is the Archæocyathid lime
�tone of Siberia. Limestones with Archæocyathids have 
been reported from many Iocalities, but it is by no means 

<:ertain whether they are all referahle to the same horizon, 
nor is the exact horizon i tself known. The best known 
of these deposits is the Torgoschino limestone, exposed on 
the banks of the Yenissei, opposite the city of Krasnoiarsk 
(approximately Long. 93o E. Lat 56° N.) Here above the 
v:illage of Torgoschino, the limestone has a thickness of 
l 0-1 5 meters, and rests unconf ormably upon the strongly 
f olded Pre-Cambrian graywacke sandstones and shales with 
diabase and porphyry dykes. The limest one is poorly 
stratified, Iight- colourecl , dense, somewhat siliceous and 
dolomitic, with numerous veins of red sardonyx. A rich 
fauna of Archæocyathids has been obtained here including 
the f oEowing species : 
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ARCHAEOCYATHIDS 

Algæ 

Cosdnocyathus corbicula 
Coscinocyathus dz"anthus 
Cosdnocyathus calathus 
Cosci1zocyathus aff. cancellatus 
Coscinocyathus veszca 
Coscinocyathus campanula 
Coscinocyathus elongatzts 
Coscinocyathus irregularis von Toll 
Archæocyathus patulus 
Archæocyathus acutus 
Archæocyathus adzt1icus 
Archæocyathus sz"bz"rz"cus von Toll 
Archæocyathus proskurjakowi von Toll 
Archæocyathus ijitzkii von Toll . 
Rhabdocyathus sibiricus von Toll ( gen. et. sp . ) 
Sjn"rocyathus sp. 

Con.fervites primordialis 
Trilobites 

Dorypyge slatkowskii 
Solenopleura? siberica 
With the exception of the new species described by 

von Toll, the Archæocyathids are mainly the same species, 
a.•; those found in the Archæocyathus li mestone of Sardinia. 
The trilobites indicate Middle Cambrian, and while it is 
not difficult to understand the presence of similar Archæ
ocyathids in the Middle Cambrian of Sardinia, thei r pre
sence in Australia, where many of the same species occur, 
is more difficult to understand, if they are referable to the 
Middle Cambrian . 

The Torgoschino limestone, if not interrupted by 
faulting, passes beneath the level of the river, and appar-
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ently under an extensive series of red shales and sand
stones, the Katscha series, the age of which i s  entirely 
unknown, as i t  contains no fossils . Thi s  is in turn succee
ded by the. Lower Dinantian Ursa Series of continental 
sediments.  The age of the Katscha series, which is some 
200 meters in thickness, has been variously designated a..">

from the Devonian downwards. Obrutschew is inclined to 

call it Upper Cambrian, merely because of its super-position 
on the Torgoschino limestone. There may however be a 

hiatus of unknown magnitude between the two, and hence 
nothing definite can be said regarding their ages . 

Limestone with Archæocyathus and Coscinocyathus also 
occurs in the Kusnezk basin of Siberia on the northwest 
slope of the Salair Mountains. Here the species of the 
Torgoshino l imestone occur. The same group of limestones 
appears again in the Minussinsk region. 

Bennett Islmzd 

Far to the north in the Arctic lee Ocean of today. 
l ies Bennett Island, north of the New Siberian group of 
Islands, in approximal Lat. 780 N. Long. l f>OO E. Here 
a M iddle Cambrian fauna was found by von Toll, and this 
has recently been described by Holm and Westergaardl 

Bennett Island with an area of 200 square km. and 
a maxirnum elevation of 1500 ft, is a continuation of the 
Northern Siberian Tableland. It consists of Cambrian and 

1 G. Holm and A. H. Westergaard. A Middle Cambrian Fauna 

from Bennett Island. Memoires de l' Academie des Sciences de 

L'Urss. Classe Physico-Mathematique, Vol. XXI, No. 8, Resultats 

scientifiques de l'Expedition Polaire Russe en 1900-1903, sous 

la direction de E. Toll. Sect. C, Geologie et Paleontologie Livr-
8, 1930. with 4 plates. 
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Lower Ordovician strata, which are traversed and covered 
by basalts. Von Toll's collections were brought to Europe 
after his  tragic death, and so far only the Cambrian have 
been described. The material is shale, the "matrix mainly 
composed of chlorite and muscovite, in which fragments of 
quartz are fairly abundant and scattered laminæ of graphite 
and rare grains of sulphite are to be seen. In the nodules, 
calcareous matter is fairly abundant. It contains quartz 
fragments often accumulated into thin layers , also scales of 
chlorite and muscovite."l The rocks appear to have been 
somewhat metamorphosed. In some parts of the shales, 
the fossils are frequent, though not often well preserved. 
The f ollowing are the spee i es described. 

1. Agnostus pisiformis bater vVestergaard 
2. Agnostus glandifo?'mis Angelin 
:3. Agnostus bitubcrculatus Angelin 
4-. Agnostus 11udus h_,vperboreas Westergaard 
5. Agnostus latirltachis Westergaard 
(). Agnostus arcticus vVestergaard 
7. Agnostus repandus vVestergaard.  
8. Agnosbts 5 undetermined species. 
H. Cenfropleura loveni ( Angelin ) 

1 O. Anomocare excavatum (Angelin ) 
11. A 1zomocar e siberz'cum \V estergaard 
12. Anomocare? sp. 
13. Solmopleura? sp. 
1 4. Agra ttlos d!fformis ( Angelin) ? 
1 5. A gr au l os acu,minatus ( Angel in ) ? 

vVith two exceptions, Nos. 4 and 5, all these speci
fically identified forms are represented in the zone of 
Paradoxides forchhammerz· in Scandinavia, either by the 

1 N. H. l\fagnasson. Quoted by \Vestergaard. 
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·same or closely related forms. Only one, No. 4, represented 
-by Ag nosllts nudus marginatus Brogger,  is characteristic 
of the Davidi s zone of Scandinavia and doubtfully reported 
from the Forchhammeri zone. Ag1'aulus dif.formis occurs 
m both zones. 

There is  thus no doubt that the Bennett Island fauna 
represents the zon e of Paradoxides forchhammeri and if 
-our interpretation of the palæogeography is  correct, these 
forms are representatives from the center of origin and 
distribution of these animals, in other words the Scandina
vian forms are migrants from the region now includ
ing Bennett Island . The distance between the two regions 
i s  more than 4000 km, but the remarkable similarity of 
the faunas clearly indicate that l ittle modification took place 
dur ing the migration. The fauna of the Maga River, al
ready referred to on p. 490 (686) is essentially this same 
fauna, as the deposits there are beyond doubt contemporary 
wi th those of Bennett Island. 

There can be li ttle doubt that this fauna will even
tually be found widespread over the lrkutsk basin, unless 
subsequent erosion has rernoved it. 

One point is significant, and that is that "no form 
·of the Bennett Island fauna i s  related to any one of the 
genera distinctive of the contemporary fauna of Eastern 
Asia, which is one more proof that there existed no direct 
communication between the Siberian Sea and the Sin i an 
( Catha ysian ) Sea in Cambrian time." (\Vestergarrd lo,·. 
dt. p. 21.) 

This requires the rectification of the palæo-geogra
�phic map of Asia in Middle Cambrian time, published in 
192 3, and thi s i s  given here in Plate Ile. 
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TEIE NORTHERN APPALACHIAN 

GEOSYNCLINE 

In Lower Cambrian time, the Northern Appalachian 
geosyncline was an extensi on of the American Boreal Sea, 
and for a t ime at least continuous with the Southern Ap
palachian geosyncl i ne ( see PI. I). ·. In Middle Cambrian 
time, on the other hand, the Northern and Southern Ap
palachian geosynclines were separated by the Albany axis, 
and the connection with the Boreal Sea came to an end. 
Thi s  i s  clearly shown by the distinctness of the faunas of 
the Middle Cambrian, so far as they are known from the 
Northern Appalachians. It i s  true there are only two local
ities, Little Meti s Quebec and St. Albans western Vermon t 
which have so far furnished undoubted Middle Cambrian 
fossils, but it i s  precisely the second of these local i ties in 
which the Boreal or Olenellus type of fauna is most typi
cally developed in Lower Cambrian t ime, and on that 
account i t is most significant. As we have seen, the Lower 
Cambrian of the Appalachian and of the Atlantic Provinces, 
or if we accept Pangæa, the Caledonian geosyncline, were 
·
absolutely distinct faunistically except for pelagic types. 
This distinctness is maintained by the southern Appal
achians in Middle Cambrian time, but not in Vermont, where 
the surprising discovery of a typ ical Acadian fauna closely 
related to the fauna of the Caledonian geosyncline was. 
made. 

This raises the question of the entrance of that fauna 
into the Northern Appalachians, for the nearest point at 
which this fauna occurs i.e. in eastern Massachusetts, is 
more than 150 miles distant, and if we eliminate the ex
.tensive foldings of the rocks whi ch have occurred since, it 
is more than likely that the original distance between these 
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points was at least twice if not 4 times this · amount� 
Either then, there must have been a connection across thi s  
intervening portion o f  this Old Land o f  Appalachia, ot 

else the connection must have been direct with the Siberian 
Sea, which as we have seen was the most probable center 
of o ri gin of thcse f aunas. 

Transection of the Old Land of Appalachia, especially 
in the New England region, seems, unthinkable, and a vio
lation of the normal se,1uence of geographical development, 

so far as this has been ascertained. On the other hand 
the extcnsion of the Finmarken Gulf of the Siberian Sea, 
and its junction with the northern Appalachian geosyncline, 
is in perfect harrnony with the general plan of paleogeo
graphic evolution which has so far ernerged. For as we 

have seen, this Gulf already existed in Lower Cambrian 
time, extending as far south as Lat. 650, if not further.  
All that i s  required i s  the further extension of this gulf 
across the Norwegian region, i ts junction with the Northern 
Appalachian region and the more or less complete separa

tion of the Northern Appalachian from the Boreal Sea by 
the slight upwarping of the geosynclinal bottom between 
Greenland and the northern extension of Fennoscandia. In 
other words i t  requires the formation of a barrier axi s  or 
#men comparable to the Albany axis which divides the 
Northern from the Southern Appalachian geosyncline. Such 
changes are most readily comp rehended on a geograph ic 
basis of Pangæa, but even with the continents in their 
present position, such a geographic differentiation could be 
affected. For in that case the geography would be essen• 

tially similar to that shown on Holtedahl's map for Lower 
Ordovician i. e. Ozarko-Canadian or Cambrovician time. 
(Loe. cit. 19 19 p. l 02, fig. 8). 

On Plate Il this relationship ts shown as i t  would 
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:appear approximately in Pangæa. The exclusion of the 
Boreal Sea by the Greeno-Scandian axis or limeR may or 

may not have been completely effective. If not, we may 
expect to find Boreal elements in the Middle Cambrian of 
this region, mingled with Siberian elements, which alone 
are at present known. So far as now known, Middle 
Cambrian deposits of this geosyncline are preserved on ly 
in northwestern Vermont and in Quebec. But that does not 
signify that they may not have existed, or may still be 
found to exist, in western Newfoundland, the Durness region 
of Scotland, and eastern Greenland. According to Poulsen 
(Loe. cz't. mtle 1932) Middle Cambrian is entirely wanting 
in the east Greenland region, where beds referred to the 
Ozarkian, (Cambrovician of our classification ) appear to 
follow disconformably upon the Lower Cambrian. It is 
true his Hyolithes Creek and Dolomite Point formations 
lie between the Elia Islan d Lower Cambr ian , and the Cas 
Ford Cambrovician formations, and these may ac tually re
present Middle Cambrian . On the other hand they may 
belong to the Upper or to the Lower Cambrian. In any 
case, Poulson's correlation tab1e shows a considerable hiatus 
above the Elia Island formation. 

The older Pa læozoic strata of East Greenland were 
apparently involved in the Taconic falding, which affected 
all the beds from the pre-Cambrian ( Sin ian ) to the Ord
ovician inclusive. The Old Red San dstone type of Devon
ian rests unconformably upon the eroded anticlines and 
synclines of the older Palæozoic. There is however, no 
discordance between the Lower Cambrian and overlying 
rocks, and consequently n\;) marked def ormation took place 
in the development of the Grecno-Scandian limen. 

No Middle Cambrian beds have .been recognized in 
the Durness limcstone series of Northwest Scotland. The 
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disconformity however, · which I located in that section, 
lies in the m idst of calcareous strata, that i s  within the 
Eilene Du bh group, ( see ante p. :35 C 6r) ) . The Grudie 
Group below it still contains the Saltere/las of the Lower 
Cambrian, but it is not i mpossible that another disconform
ity exists between the Grudie and the Eilene Dubh and 
that the lower part of the latter may represent Middle 
Cambrian. The upper series, that i s  the Sailnhor group 
which overlies the Eilene Dubh, carries lower Beekmantown 
fossils, and it and the upper part of the preceding group, 
down to the recognized disconformity, undoubtedly represents 
the Cambrovician transgression. Here then is one of the· 
critical sections that calls for further deta iled research. 

As already suggested, Middle Cambrian may be found 
to overli e  the Lower Cambrian of Northwestern Newfound
land, though at present Cambrovician beds alone appear to 
le present. At Little Metis,I Province of Quebec, black 
shales car ry Acrotreta sagittalis C Salter ) a typical Midd le 
Cambrian species of the Caledonian geosyncline. Aside from 
this, the Vermont region is the only other locality which has 
so far yielded undoubted Middle Cambrian faunas from thi s  
geosyncl ine. ( See Pl. Il a, also fig. 3. ante p. 77 CroJ)) 

Middle Cambria1z o.f Vermont 

The history of the di scovery of these strata i s  a part 
of the Taconic ep ic  of American Stratigraphy. It has been 
outl ined in some detail by Dr. B. F. Howell through whose 
t ireless investigations in this regi on, we owe much of our 
more detail ed knowledge. 2 

1 On the St. Lawence River 175 miles below Quebec city. Approx . 
. Loog 68° W. Lat 4So 401 N. 

2 B. F. Howell. The Cambrian Paradoxides Beds of Northwestern 
Vermont. 16th Biennial report of the Vermont State geologist 
1927-1928 pp. 249-273. 



A. W. GRABAU 

The most recent summary of the strat igraphy and 
structure, based on his  extensive field researches, is given 
by Arthur Kei th and will be used as the basis of our 
discussion.l 

The stratigraphic succession in this region, known 
familiarly as the Slate Belt, has already been given in the 
first of these articles, ( p. 2 3 ( 49)). The Middle Cam
brian St. Albans State, lies disconformably upon the Lower 
Cambrian and is disconformably succeeded by the· Upper 
Cambrian. lts maximum thickness is 200 ft. and in some 
localities it has been entirely removed by pre-Upper Cam
brian erosion. lts present outcrop extends for a few r�iles 
north and south of St . Albans. 

The rock is a dark mi caceous slate with small lenses 
of limestone and sandstone. The base of the slate is 
marked by conglomerate containing pebbles of dolomite. 

Only a few of the fossils found in these beds have 
so far been identified but these are sufficient to show the 
stratigraphic position of the formation. The li st m 

cludes: 
Brachiopoda 

Obolus matinalis \:Valcott 
Httmella vermontana Walcott 
Huenella billingsi Walcott ( horizon not wholly certain) 
Lingulella .franklinmsis Walcott 

Tr i lobita 
Centropleura vermontana Howell 
Elyx sp. 

*Agnostus (2 species) 

1 Arthur Keith, Outlines of the Structure and Stratigraphy of 
N orthwestern V ermont. 16th International Geologicaf Congress 
Guide-Book I; pp. 48-61. Ibid. Wash. Acad. Sei. vol. 22, ·1932. 
p. 357 et seq. 
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*Agrattlos 
* Menocepha!us 
* Ptychoparz"a ( 3 species ) 
* Anomocare. 

Other crustacea 
*Lcperdz"tz"a sp. 

Hyolithids 
*Hyolz"thes sp. 

Dr. Howelll has recently announced the following new 
dassification of these Paradoxidoid trilobites. He also created 
a new subfamily. 
Sub �Family Centropleurinæ (in the family Paradoxidæ) 

wi th thrce genera. 

1 . Ce1ztropleura Angelin, with 
C. loveni Angelin, (genotype) Forchhammeri 

zone of Sweden and Bennett Island 
C. vermontmza Howell, Vermont. 

2. Anopolenus Salter, with 
A. henricz" Salter (genotype) Upper Davi� 

dis beds of Nuneaton and St. Davids 

(Div. F a?Zte) 
A. salten· Hicks, Hicksi zone (Nantpig 

beds ) of North Wales, Davidis beds 
of St. Davids, S. \Vaies (Div. F ante) 

3. Clarella Howell, with 
C. ve?Zusta ( Billings ) ( genotype). Hicksi 

zone of Manuels Brook N. F. 

* Provisional }dentifications by Walcott, listed by Perkins. Rep. 
Vermont State Gcologist 1907-8 pp. 208 and 209. 

1 Geol. Society of America Preliminary list of Titles and Abstracts 
of Papers to be offered at the 46th Annua! Meeting, Chicago 
Ill., Dec. 2�30, 1933, p. 69. 
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C. steenstrttpi ( Angelin). Forchhammeri 
zone of Sweden and Bornholm 

C. pug1zax ( Illing) Upper Hicksi and 
Hartshillia zones. 

C. impar (Hicks) Hicksi zone (Nantpig 
bed ) of North Wales-Menevian 

C. gronwalli Howell and Paulsen Cono
coryphe æqttalis zone ( upper Tessini 
zone ). 

As the only other species of Centropleura (in the 
narrow sense) occurs in the Forchhammeri zone of Sweden 
and Bennett Island, Howell concludes that the St. Albans 
beds of Vermont are also referable to the Forchhammeri 
zone. 

The Finmarkm Regz.on 

In Northern Norway, far beyond the Arctic circle be
tween latitudes 690 and 71 O N, lies the district of Fin
marken the most northern promontory of the Scandinavian 
peninsula. 

According to Holtedahl (loe. cit. 1919) the Lower 
Cambrian Dividals series or Hyolithes zone, with a thick
n�ss of about 240 meters, rests unconformably upon the 
hi��hly metamorphosed Pre-Cambrian gneisses, schists etc. 
Tl).e Dividals series consists of shales and sandstones with 
Piatysolenites antiquissz·musl and other fossils. The same 
series is again found in the Tromso district farther south
west in Norway and in the Tornetråsk section of northern 
Sweden. 2 These beds are succeeded with apparent con-

l A slender cylinder resembling a crinoid stem.-of unknown 
systematic rank. 

2 Guide Book 6, XIth Int. Geo!. Congr. Stockholm 
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formity by the P01-sanger sandstone . This is a very ligh t
colored sandstone compo sed ch iefly of quartz with same 
grains of feldspar ( generally kaolini zed) and having a 

t;hickness of 500 meters or more . Same thinner darker 
sandstones, covered w ith exceed ingly fine interference r ipple
mar ks, and same dar k gray sandy shales occur in the higher 
par t .  In the upper port ion ar e thick, aften reddish -brown 
shales  and green shales with only th in beds of sandstones, 
the whole ha ving a thickness of 50-l 00 meter s .  Then 
follow the Porsanger dolomites, at least 1 0 0  meters thick, 
with curious cyl indr ical CryptczoonJike stromatoliths ( G;'m
nosolm ). Then the series is  cut o ff by a thrust f ault 
which carr ies  the metamorph ic rocks over the old Pal
æozo ic s. 

Summar i zed we have 
Middle ? and Upper Cambr ian etc. 

Porsanger dolo mites w ith Gymnosolen 
Po rsanger shales 
Porsanger sandstones 

H-iatus and dz"scon(orm-ity 

Lower Cambr ian 
Dividals Ser ies  

H-iatus and Unconform-ity 

Pre-Cambr ian crystall ines 

1 00 meters 
5 0- 1 00 m. 

500 m. + 

2 40 m .  

Among the Stromatoliths of the Po rsanger dolo mite i s  
one identical with Gymnosolen ramsayi Steinmann o bta ined 
from dolo mites of the western shore of Kan in Peninsula , 
east of th e White Sea. Similar forms occur in the Upper 
Cambrian Lyell f ormatio n of the Canadian Cordillerans .  

lf the age of  the Porsanger dolo mite i s  Upper Cam
brian or Cambrovician, the Po rsanger shales and sandstones 
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.may represent · shallow water marine and in part continental 
-deposi ts of Middle Cambrian age. If so, and if marine, 
they ought to carry the Centropleura fauna. 

In the Trondhjem di strict of west Norway (Lat.  64°-
6 50 N) , the Sparagmite format ion ( L. Cambrian ? ) is fol

lowed by the Ronos SLA'l'.ES , which though rather strongly 
metamorphosed into brown, and higher up, gray-green 
graph itic m ica slates, stiU carry Dt"ctyonema in their upper 
beds. Their  thickness ranges from l 00 meters in the 
-eastern to more than l 0 0 0  meters in the western part, 
showing that in that direction lay the geosyncline. These 
beds are covered by the Bumark Volcanics and Jasper 
conglomerates of early Ordovician age. 

Considering the great thickness of the Roros group, 
which i s  believed to represent metamorphosed Alumn shales 
( 10 0 0  meters or more) and the fact that i t  terminates with 

·the Dt"ctyouema beds, it seems probable that not only 
Upper but Middle Cambrian as well is  repre sented in this 
series. This wou ld then represent the continuation of the 
Finmarken embayment and i ts junction with the extension 
· of the North-Appalachian geosyncl ine. We need however 
the confirmation of this suppos ition which would be furn
i shed · by the di scovery of the Middle Cambrian Centrop!ettra 

-or Forchhammeri zone fauna. 

lncomplete as our knowledge of these formations is  
at present, there are n o  known facts that militate against 
the interpretation here advanced, and unless new facts are 

discovered, inharmonious with it,  we · may tentatively hold 
that the Centropleura fauna of the Northem Appalachians 
(Vermont etc . ) was derived from the Siberian basin by a 

:transgression of the late Middle Cambrian sea through the 
Finmarken - Trondhjem district of Western Nonvay as 
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shown upon the map of Pangæa in Plate Il or on that 
given by Holtedahl ( loe. cit ) which conforms to the ortho
dox doctrine of the pe'rmanence of con'tinents and ocean 
basins. 

iJliDDLE CAMBRIAN OF THE INDO

CHINESE GEOSYNCLINES 

The M idd le Cambrian of the Himalayan geosyncl ine 
is still only very part ially known, in fact there is only one 
locality from whi ch we have anything like an adequate 
section.  Thi s  is at Spiti, in northern India dose to the 
Tibetan border ( about Long. 78° 2 0 '  E, Lat. 32°  N ) .  The 
pre-Silurian rocks of thi s  region fall into 3 main subdivisions, 
but so far only the upper one has futnished fossil s. The 
entire sequence is said to be continuous , though it is highly 
probable that there are at least several disconformit ies in 
the sect ion. Hayden has referred the entire ser ies to the 
Cambrian system, and describes the three parts a s  ha ving 
the following character in descending order. 

Ill. Upper 
about 

Di vis ion (Parahio 

Gray and green micaceous qua rtz ites and 
thinly foliated slates and shales with narrow 
hands of l ight gray do lomite . Fossiliferous 
at var ious hori zons . 

IL Jlh"ddle Division ( Upper Haimanta of 
Griesbach ) about 

Bri ght red and black slates, with somc 
quartzites, well exposed in the Parahio and 
Upper Pin Valleys of Spiti and in the 

Thanam Va lley of Bashahr, forming a con
s.piwous and constant hor izon. In. the Par-

1 2 00 ft. 

10 00 ft . 
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ahio Valley these beds pass upward into the 
overlying series. 

I .  Lower Dz"vision ( Mz"ddle H az·manta o .f 
Grz"esbach) 2000-3000 ft . .  

Dark slates and quartzites. 
The uppcr fossiliferous or Parahio 

series has been subdivided by Cowper·Reed 
as follows. l  

1 9 .  
1 8 . 
1 7 . 
1 6. 

1 5 . 
1 4. 

1 3 . 

SecHmz in the Parahz"o Valley o.f Spz"tz" 

Conglomerate 
Quartzite and siliceous shale about 
Gray dolomite weathering brownish red 
Flaggy sandstone, quartz ite and siliceous 
sla te 
Gray dolomite, weathering brownish red 
Siliceous slates with gray quartz ite bands 
and thin beds of pink dolomite, ( slates 
chiefly gray and green, but weathered 
pink ) 
Dark siliceous slates with a few frag-

50 ft. 
2 0  ft. 

40 ft . 

30 ft . 

2 50 ft. 

mentary trilobites 30 ft .. 
The species recorded are 
Bathyuriscus? stolitskai Reed 
Dicelocephalus? interpres Reed 
Olenus? hz"mmztensz"s Reed 
These are regarded as Upper Cambrian 

Probable Hz"atus and Discon.formiiJ' 

Middle Cambrimz 
1 2 . Siliceous slate and flaggy quartzite 30 ft. 

l F. R. Cowper-Reed. The Cambrian fossils of Spiti . Palæonto
]ogia Indica, Series XV, Vol VII, Memoir 1 ,  pp. 70, Pls. 1�6. 
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1 1 .  Siliceous and argillaceous shales wi th 
undetermined trilobites 6 ft. 

1 0 . Gray slaty quartzite capped by 6 inch 
bed of dolomite 5 0  ft. 

9 .  Sla te, siliceous above and argillaceous 
below, with a rich Middle Cambrian fauna 

8.  Dark-gray quartz ite 

7. Pink shaly dolomite limestone, with In
determinable trilobites 

6. Calcareous quartzite wi th Lingulella and 
trilobites underlain by a narrow band of 
fossiliferous sandstone 2 inches thick, and 
argillaceous slate with a rich Middle 
Cambrian fauna, every species of which 
however i s  distinct from those in  bed 9. 

5 .  Gray micaceous quartzite, with thin hands 
( 1/ 4 to 2 inches) of mica-schists, no 
fossils. 

4. Slates, alternating with narrow hands of 
gray limestone � inch to 4 in ches 
thick, and with Li1Zgulella and trilobites 

3. Slates, chiefly s ili ceous, and quartzite 
2 .  Dark slates with trilobites 
l .  Red and green slaty quartzites with Lin

gule/la and Nisusia and some trilobites 

3 0  ft. 

60 ft. 

1 2  ft. 

1 0  ft. 

1 50 ft. 

1 0  ft. 
1 5 0 ft. 

30 ft. 

in the uppermost beds 

Total thickness 

2 5 0 ft: 

l 0 0 0 - 1 800 ft. 

The distribution of the spec ies in the several hori zon s 
is given in Table N, from which the remarkable fact appears 
that no two of the horizons have the same species, not 
a single one of the species having been obtained from 
more than one hori zon . With the exception of the highest 
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fossiliferous bed ( 1 3  ), the fauna appears to show a, ·certain 
unity, and there seems no doubt that the lower part of 
the series is referable to the Middle Cambrian. The 
highest of the beds with this fauna is No. 9, for although 
trilobites have bcen reported from bed 1 1 ,  n othing is. 
known of their  character. Nevertheless, I have drawn the 
dividing line between beds 1 2  and 1 3, for the gray 
quartzites and siliceous shales, which succeed bed 9, are 
best classed with the retreating phase of the Middle Cam
brian, while bed 13 may be considered the beginn ing of 
the Upper Cambr ian transgression . Thi s  would give 
thi cknesses of 7 8 8  and 400 ft . for the Middle and Upper 
Cambrian (or Cambroviciao ) respectively, not a very great 
th i ckness, when it is  considered that a considerable portion 
of this  comprises quartzites, and other unfossiliferous beds.  

Another remarkable fact is that the fauna of these 
Middle Cambrian beds of Spiti has no species entirely in 
common with those of China, although there are a certain 
number of related forms. Of course we are dealing with 
distinct geosynclines, although these appear to have a com
mon center of faunal supply, and the locali ties in which 
the fossils are found are very far apart. 

lf the palæogeography shown in the map Pl . Il, 1s 

correct in essentials, there is another fact to be borne m 

mind, namely that the Sp iti, like the Salt Range localities, 
a re much nearer the suggested North Pole of the period, 
than was the Cathaysian Geosyn cline. As reconstructed, 
the Spiti locality would lie between 5 0 0  and 600 North 
lati tude, whereas the Cathaysian geosyn cline would rest in 
the vicin i ty of 1 5 0 N. latitude. Hence we would expect 
to find differences between the two, comparable to, and 
even more pronounced than those between the Mediterranean 
and Scandinavian regions. 
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Table N. Horizons 
10 

Fossils of the Middle Cam- Parahio Series 
brian of the Parahio 

Series of Spit i tl2141619ltt3 
Coelenterata 

Coscinocyathus cf. cor-
bicula Bornemann -

Brac!tiopoda 
1. Nisusia depsaensis 

Re ed X 
2. Lingulella haiman-

tensis Reed -3. Lingulella spitiensis 
Re ed -

4. Lingulella cf. coelata 
Hall? -

5. Lingulella? sp. X 6. Lingulepis? sp. -
*7. Obo! us (W estonia)? 

sp. ·-

8. Acrotrcta para hi o-
ens is Re ed -

9; Obolella cf. crassa 
Hall? -

10. Obolella cf. atlan-
ti ca W alcott -

11. Acrothele præstans 
Reed -

12. Acrothele vert ex 
Re ed -

13. Acrothele cf. spurri 
Walcott -

14. Acrothele? sp. -

P. teropoda 
l. 

2. 

Orthotheca aff. pli-
cata Brogg. -
Hyolithes aff. dania-
nus vValcott 1-

l 

X- - - -

- ? X -- -

- - X 

X 

- - - X 

- - - - -

- X 

-.- - X 

- - X 

-'- X 

- - - X 

- X 
_l_ X 

- X J_. X -
l 

Chinese allies 

*Palæocordilleran allies 

C. el-m·ra \Valcott 

Liugul ejJi$ eros \N ale. 

Hj'olithes c)'bele Walc. 
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Table N. (C o1ttimud) Horizons 

FossHs of the Middle Cam-
in C hi nese allies 

Para/ti o Series 
brian of the Parahio *Palæocordilleran allies. 

Series of Spit i 1 2 4 16 191 t13 
Echinodermata 

1. Eocystites sp. - - - X 
Trilobz"ta *1. Agnostus spitiensis 

Re ed - - - - - - Ag·nostus sp. Walc. 
2. Microdiscus gries-

bachi Reed - X - - - - M. on:mtalis Walc. 
3. Microdiscus haiman-

tensis Reed - - - - X ·�4. Redlichia noetlingi 
{Redlich) - - - - - - R. 1tobilis Walc.=L. 

5. Zacanthoides indicus Camb. 
Re ed - X 

6. Oryctocephalus sal-
teri Reed - - - - X 

7. Oryctocephalus cf. 
reynoldsi Re ed - X 

8. Ptychoparia spitien-
sis Re ed - - - X- - P. lilia vV., P. grauu-9. Ptychoparia strach- losa W. 
eyi Reed - - - X - - P. aclis W., P. to/us 

10. Ptychoparia urceo- w. 
lata Reed - - - X 11. Ptychoparia conso-
cialis Reed - - - - X - P. lilia Walc. 

12. Ptychoparia admissa 
Re ed - - - - X 

13. Ptychoparia pervul- { P. titiana W., P. gra-
gata Reed - X - - - - nu/osa vV., P. con-14. Ptychoparia maopo- stricta W. 
ens1s Re ed - - - - X 

15. Ptychoparia defossa 
Reed - - - x- - P. tellus Walc. 

16. Liostracus civica 
Reed - - X 
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Table N. (Co1Zcludtd) 

Fossils of the Midd]e Cam-

brian of the Parahio 

Series of Spiti 

Trilobz"ta (cont.) l 17. Ptychoparia? hostilis. 
Reed 

18. Ptychoparia? prae-
terita Reed 

19. Ptychoparia? hima-
lai ca Re ed 

20. Conocephalites me..: 
mor Reed 

21. Conocephalites he-
sterna Reed 

22. Bathyuriscus stolicz-
kai Reed 

23. Dicellocephalus? in-
terpress Reed 

24. Ole nus? haimanten-
sis Reed 

25. Agraulos aff. roberti 
Matthew 

26. Agraulos? fervidus 
Re ed 

27. Agraulos? si mulans 
Re ed 

*28. Anomocare conjunc-
tiva Reed 

*29. Anomocara sp. 

30. Shantungia cf. fre-

yuens Dames 

Horizons 
in 

Paralzio Serits 

1 1 2 1 4 1 6 1 9 1 t13 

- - - - X -

- - - - X 

- - - X -- -

- - - - X -

- - - X - -

- - - - - X 

- - -· - - X 

- - - - - X 

- X - - - -

- X 

- - - X - -

- -- - - -

-- - - - -

-- - - X  -

* Exact horizon not recorded. 

Chinese allies 

*Palæocordilleran allies 

{ 5_olmopleura beroeW., 
.5. agno W. 

{ Anomocarella z"nnaW ., 
A. chi1zensis W., A. 
albi01t W. 

Auomocare flava W. { A1zomocare temenus 
W., A. latilimbatum 
Dames { Anomocare 1tereis W., 

* B. rotundatus (Rom) 

Atzomocare megalurus 
(Damt><>) 

A. 1zitz.da Walcott 

{ A. dr)1as v�., A. a�aris 
W., A. uztzda \\-. 

A1zomocarella chiuensi s 
w. 

Dolichome to pus deois 
W. { C!tua1tgia 11itidansW. 
Damesella blackwel-
deri W. 

t Horizon 13 is regarded as Upper Cambiran. 



.512 . A. W. GRABAU 

The Middle Cambrian of Chz"na 

In the Cathaysi an geosyncline, the Middle Cambrian 
fauna has been found at various i11tervals from Tongking 
to Manchuria, and throughout this region it has proved 
richly fossiliferous. The sections for the various important 
districts are summarized by Walcottt and these may he(c 
be given in appr oxirnate order from the north southward. 

Section I .F'uchou Series of Cnanghsingtau ( Tschanghsz"ng-
tazt) Island, Liaotu1zg Provt.1Zce, Manchuria. 

This lies about 240 miles east of Peking in approx
imate Longitude 121°10' E. lat. 3�)030' N. The thickness 
.of the Cambrian beds exposed is from 1225 to 1250 feet. 
The suceession is as f ollows in deseending order. 

8. Massive dark gray limestone in plaees 
mottled ( m..'ly be Upper Cambrian ) 200 ft. 

7. Thinly-bedded, nodular limestone an d 
shale. Hard and upturned with oeeasional 
signs of trilobites. Loe 36f ( about 800 
ft. above 35q or 1000 ft. above the 
base) is in the upper portion of this 
belt. Fossils listed in Col. 26, Table O. 
Thi ekness about 500 ft. 

6. Massive limestone, in places oolitie. (Loe 
36j) No fossils identified. Thiekness 
about 300 ft. 

5. Shale, followed by thinly-bedded lime
stone. Loe. 35q about 70 ft. above 36h 

l Research in China Vol. Ill. The Cambrian faunas of China by 
Charles A. Walcott , Carnegie Institute of Washington. Publica
tion No. 54, 1913. 
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and 200 ft. above the white quartzite. 
Fossi ls listed in Col. 2 5, Table O. 
Thickness 20 ft. 

4. Huge eoneretions, resembling corals. 4-6 
ft. in diameter, in thin huff shale ( Loe. 
36i, no identifi able species ) 4-6 ft. 

3. Chiefly shale, with less limestone and 
green dark-gray and brownish shale, with 
thin layers of nodular limestone. In the 
lower part i s  Loe. 35p whieh is about 
8 0  ft. above the basal quartzite. The 
fo3sils are li sted in Col. � 3, Table O. 
About 50 feet higher i s  Loe. 3 6  h, and 
approximately at thi s  level also lie Ioeali 
t ies 36g and 35o. The fossils are given 
in Col. 24 of Table O. 200 ft. 

2. Green and purple shales, (lo�alities 35n, 
35r, 36e, and 36e,) Fossils listed in 
Col. 22 of Table O. These are nearly 
on the same horizon in a bluff 1 O ft. 
high, the Iowest fossiliferous bed re-
cognized l O ft. + 

l. \Vhite quartzitie sandstone in low di ffs 
only narrow belt exposed ( may be Lower 
Cambrian) Thiekness 

unknown 
Secti01z II Cambrian strata of the Kaiping Basi1z, Hopci 

Provi1tce. 

This lies about 12 5 miles east of Peking. The fol
low ing seetion i s  shown in this basin i n  deseending order.t 

1 Y. C. Sun. Contributions to the Cambrian .faunas of North 

China. l'alæontologia Sinica, Series B., Vol. I, Fase. 4, p. 7. 
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Snperjormatio1z. Lower Ordovician 
Yehli limestone 

Discon.formity 

The disconformity at this point is very pronotmced, 
but apparently no great time interval is represented so far 
as can be judged. The character of the contact has been 
fully described elsewhere.l 
UPPER CAMBRIAN 

5. Fengshan Series 200-300 ft. 
Shales and thin-bedded calcilutites with 

the f ollowing species : 
Lingulella kayseri Grabau 
Obolus luatzhsiensis Grabau 
Ptychaspz·s subglobosa Grabau 
Ptychaspis suni Grabau 
Mansuya orz"mtalis (Grabau) Sun 
Illaenurus sp. 
Anomocare sp. 
These species are fully described in 

Dr. Sun' s monograph. 
4. Changshan Series 150-200 ft. 

Red or purple shales, with 7 or 8 
intraformational or edgewise limestone 
con glomerates ( vV urmkalk) 

The red shale is richly fossiliferous 
and it resembles the Manto shale, except 
for the intraformational conglomerates. 

It contains the following species. 

1 A. W. Grabau. Stratigraphy of China. Vol. I, p. 68 Figs. 33 
and 34 
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Obolus mollt"souensis Walcott? 
Eoorthz·s sp 
Changshanz·a com:ca Sun 
Changshania? truncata Sun 
Agnostus hoi Sun 

Probable Hiatus and disconformity 

MIDDLE CAMBRIAN 
? Kushan formation 

This has not been differentiated from the 
other formations, as no distinctive fossils have 
been found and it is quite possible that it P1ay 
be cut out in the disconformity. This is 
further suggested by the fact that the thickness 
of the underlying Changhsia limestone, is only 
about half that seen in the Lincheng section. 

3. Changhsia Limestone 300-400 ft. 
Oolitic limestones and massive lime

stones usually cliff forming. It contains 
the following species. 

Brachiopoda 
Nisusz·a hayasakaz· Sun 

Trilobita 
Solenopleura nodosa Sun 
Anomocare flava Walcott 
Li'sania recta1zgularis Sun 
Lz.sanz·a? hsuchiachuangensz:\ Sun 
Damese!la blackwelderi var minor Sun 
Dorypyge rz·chthofeni Dames 
DoHchometopus deois Walcott 
Crepicephalus sp. 

These species are included in Col 20 of Table O 
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P1·obable hiatus and discmz.formity 

LowER CAMBRL\N 

Manto Shales 400-500 ft_ 
Mostly red, purple and green shales, 

sometimes interbedded with sandy lime
stones. The formation has furnished the 
f ollowing species. 

Brachiopoda 
l. Acrothe !c cheni Sun 
2. 
3. 

Trilobita 
L 
2. 
3. 
4. 
5. 
6. 

Lz"ngu!e !!a manchurimsis Walcott? 
Obolus sp. 

Conocephalina gerardi Sun 
Conoce phalina kaipz"ngensis Sun 
Emmrichel!a changsltanmsz·s Sun 
Ptychoparia yohi Sun 
Ptychoparia fongi Sun 
Pty choparz·a sp. 
( These species were inadvertently 
omitted from Table IV) 

Hiatus and Disconformt:ty 

SUBFORMATION: SINIAN. 

Sectimz III. Western Hills of Peking. 

In the Western Hills of Peking or the Hsi-Shan, the 
Cambrian strata have long been known, but it is only 
recently that careful sections have been made by Dr. Y. 
T. Sun and graduates of the National University. 

One of the best sections is between Tao-Yuan and 
Shipa�Pa'n, where the strata are exposed in a series of 
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a.nticlines. The succession here according to Dr. Sun is as 
follows. 
Upper Cambria1z 

Taoyuan Formation. 656 ft. 

This is a more or less compact limestone with 
many layers of intraformational conglomerate or Wurm 
Kalk throughout. It represents the Tsinania zone of 
the Upper Cambrian, in its lower portion, .which is 
characterized by Lingulella kayseri Grabau and is 
therefore essentially equivalent to the Fengshan lime
stone of the Kaiping Basin. The two lower zones 
i. e. the Kaolishanz'a zone ( zone 2) and the underly
ing Changhz'a zone ( zone l) are here missing, having 
been cut out by overlap. The higher beds of this 
limestones probably represent the Quadra#cepha!us 
zone. 

Hz'atus and Disconformity 

Middle Cambrz'an 
Nanchuang Formation 262 ft. 

Ooli tie marly limestone, and shaly limes tone with 
Blackwelderia and Dorypyge, proba.bly corresponding 
to the Kushan and a part of the similar limestone 
in the Kaiping basin. A considerable part of the 
basal series of the Middle Cambrian is cut out by 
overlap. 

Hiatus and Disconformity 

.Lower Cambrian 
Manto Forma.tion. Shales and sandstones 
partly red, with base not exposed. 

A comparison of the three sections · in North 
China i. e. the Western Hills, the Kaiping, and the 
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I-�•uchou sections, shows a progressive increase in 
the thickness of the Middle Cambrian from west to 
east. In the vVestem H ills section, it is 2 62 ft. 
In the Kaiping Basin section, it is about 40 0 ft. 
maximum, and at Fuchou on the Liaotung Peninsula, 
it is something over 1, 0 0 0  ft. This suggests that 
the Fuchou section lies near the center of the geo
syncline and the other two on the marginal western 
plain. So far as we know, the Fuchou section is 
the most complete, the higher horizon 36 f, about 
l 0 0 0  ft. above the base, carrying the Kushan fauna. 
This horizon appears to be absent, in the Kaiping 
Basin due to off-Iap and subsequent erosion, or to 
both but represented in the \Vestern Hills. 

In like manner, a portion of the basal beds 
seems to be absent by overlap, though as yet not 
sufficient studies have been made of the Kaiping 
Basin and the \Vestern Hills, to enable us to identify 
the zones with those of the Fuchou section. 

A compar ison with the Lincheng Section, l 70 
miles S. \V. of Peking shows that it too represents 
the greatest th ickne ss of the Middle Cambrian, when 
compared with both the more easterly and the western 
sections, and in this section too, the Kushan shale is 
present. 

Tims it would seem that the Lincheng section 
also lies near the :center of the old geosyncline. It 
belongs to our second line of sections , which extend� 

· from Tungyii in Shansi Province, through Lincheng in 
W. Hope i Province, l 00 miles S. E. of Tungyu, to 
Yenchuang in Shantung 165 miles E. S. E. of Lin
cheng. This passes through the dassical Changhia 
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Three sections of the M
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Cambrian strata of North China in an east west section l Fouchou Section (Iddings); Il 
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e:;tt:ru llillo 5�vliun ncar rekiug (Sun) (125 mile� wc�l of Sect, l!) Co!llpure wilb 
Fig. 14. 

l' or desoription see text. 
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and Kushan sections of Walcott, about 115 miles S. 
E. of Lincheng and 50 miles W. of Yenchuang. We 
shall first consider the Changhia-Kushan section and then 
the Yenchuang, the Lincheng and the Tungyii sections. 

Se cti01z IV Ch' mzghia Dz"strict. Shantung. 

This is one of the most typical 
sections with the strata nearly all well 
exposed and gently dippin g. It lies 120 
miles S. E. of Lincheng and about 200 
miles south of Peking. The general suc
cession is as follows in descending order. 

Superformatt"on. Lowcr Ordovician Dolomite and 
limestone 800 ft. 

Upper Cambrian. Ch'aumitien limestone 600-800 ft. 
Blue-gray limestone, conglo

meritic at various horizons. In 
the upper part is horizon C45, 
which is 800 ft. above the Kushan 
shale. 

IHatus and Disconformity 

Middle Cambrimz 
Kushan shale 50 ft. 

Green shale and slabby limestone, especl
ally characterized by the trilobites Black
welderz"a and Dre panura, the latter widely 
known under the name of "Stone Swallow." 
A�typical locality is at Tawen kou 40 miles S. E. 
of Changhia. 

The fauna is given in Col. 12 of Table O 
Changhia limestone 500 ft. 
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3. Gray limestone mottled with ochre, with 
the species listed in Co l. 3 Ta ble O. 
(Loc's C 18, 19, 21, 22, 24-26, 35, 46) 

2. Dark-gra y oolitic limes tone, with the spee i es 
given in Col. 2 Table O. (Loc's C 29, 
30, 51.) 

l. Olive gray oolitic limestone, with the 
fossils listed in Col. l, Table O. (Loc's 
c 23, 28.) 

Hiatus and Discmiformz.ty 

Lower Cambrian. Mant6 shale 

Iliatus and U?tcon(ormz.ty 

Subformatimz. Taishan complex. 

---:o:----

500 ft. 

Sections V. Sections at Y enchuang m the Sintai 
District Shantung.l 

(Text-Fig. 14) 
In this region which is 50 miles east of Changhia 

the Upper and Middle · Cambrian divisions have not been 
differentiated, but are known as the Kiulung group. The 
following are the subdivisions according to Blackwelder 
:md \Valcott 

Sec!. V A Kiulztngshan Yozchuang 

(vValcott Sec. N. Fig. 8, p. 95) 
Upper Cambrian por tion of the Kiulung 

Group about 250ft. 

l Walcott. Research in China. Vol. Ill, pp. 44, and 45, Sections 
5, 6 and 8. 



522 A. W. GRABAU 

Blue-gray and black limestones with 
various fossiliferous horizons (C 61, near 
base; C 64, at 125 ft, above C 61) 

Hiatus and Disconformity ( Masked ) 
.:.11i.ddle Cambrian portion of Kiulung group 34 5 ft. 

A9. Shaly limestones and gray shales 25 ft. or less 
At the base is horizon C 6 

with the fauna given in Col . 12 
of Table O. This is essentially 
the Kushan horizon 

AS. Shaly limestone and nodular and 
calcareous green shale, with a thin 
bed of conglomerate limestone near 
the middle 12 0 ft. 

At the base of this and the 
top of the next division, occur 
horizons Cl2, Cl3, C14 and 
C40 .  The fauna i s  given in Col. 
11 of Table O. 

A 7. Thin-bedded, dense gray lime-
stones, 7 5 ft. 

At the base i s  fauna CH2, 
given in Col. 1 O of Table O. 

A6. Gray shale and slabby limestone, 
preceded by dense gray limestone 
and then by nodular green shale 75 ft. 

In the Middle portion is 
fauna C2, a littJe lower Cl, and 
lower still C4. This horizon is 
represented in section V-B (M 
of Walcott) by horizon Cl O, and 
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in Section L( of W alcott ) by hori
zon C57. These species are given 
in Col . 9. of Table O. 

A5. Dense gray limestone, preceded by 
dark limestone, partly oolitic 50 ft. 

Hiatus and Disconformit;• 

Lower Cambrian. Manto shales. 

Sectio1z VB. 
Section zn Western Kiulzmgshmz, Yenchztang, 

Sintai, Shantung 
(Walcott: Section M. Figs. 5 and G, p. 44) 

( Text Fig. 14) 
This section shows only the 

lower part of the Middle Cambrian 
and the entire Mant6 shale, about 
52 5 ft. thick, resting upon gra y 
Archæan gneiss. The interesting 
fact about this section is that the 
highest fossiliferous horizon (Cl 0), 
corresponds approximately to the 
horizons C2, and Cl and C4 of 
the preceding section (V-A) but 
whereas in that section, these beds 
lie only about 50 ft . above the 
Manto shale, the distance above 
that horizon in Section V-B is 315 
ft. , and there are 4 additional 
fossiliferous horizons, which are 
not found in Section V-A. This 
clearly shows disconformity and 
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overlap in the two sections. The 
following is the section in des
cending order. 

B6. Massive limestone preceded by no
dular shale, dense gray limestone 
and green shale about l 00 ft. 

In the lower part is horizon 
Cl O with Obolus damesi, Minoce
pha!tts sp. and A1zomocarel!a tem
enzts. ( Col. R, Table O) This is 
correlated by Walcott, with horizon 
Cl and C2 of Section V-A, and 
with hor. C57 in Wa1cott 's sec
tion L. These are given together 
in Col. 8 of Ta ble O, ( compare 
also Sect. IV. bed H, Hor. C71.) 

B5. Light gray and dark gray lime· 
stone (Bed B4 ) , with hard dark 
gray oolite in the Lower part (Bed 
33). 200 ft. 

Horizons C7 and C9, lie in 
the upper part of Bed 33, at the 
base of division 5. The faunas 
are given in Col . 7 of Table O. 

B4. Part of an oo1ite, (Bed 33) and 
gra y sandy limestone (Bed 32) 2 5 ft. 

Horizon C63, is in the Mid
dle of the gray sandy limestone, 

the fauna includes only one species 
Obolus obscztrus. (Col. 6, Table O) 

B3. Lower part of sandy limestone, Bed 
32 and olive shale, Bed 31 40 ft. 
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Cross-bedded green-gray lime
stone, (Bed �30) Horizon C5 in 
the latter. The species are given 
in Col. 5, of Table O. 

B2. Olive green shales, buff earthy 
limestone and brown shales. Beds 
31-37 25 ft. 

In the lower part of 2 7 is 
horizon C8, the fauna given in 
Col. 4, Table O, comprises Pt;·
choparia impar Anomocare sp. 

Bl. Brown shale, preceded by a green
ish conglomeritic limestone (Bed 
2 6), which forms the base of the 
Middle Cambrian in this section 25 ft. 

Total Middle Cambrian shown 

Hiatus a1zd Disconformity 

415 ft. 

Lower Cambrz'a1z Manto shale 525 ft. 
With Redlichia sp . at horizon C60, 

about 250 ft. below es, or 225 ft. be]ow 
the base of the Middle C:tmbrian. 

Hiatus and Unconformity 
Archæan gnezss 

Section VI. Lincheng S. W. Hopei Provz"nce 

This li es approximately 2 50 miles south-west of the 
Kaiping Basin, or approximately 160 miles S. S. W. of 

Peking. ( Approximate Longitude 1140 30' E, Latitude 
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370 15' N.) Here the following sections were made by 
the late Y. T. Chao and Mr. C. C. Tien. 

SuPERPORMA'l'ION. Lower Ordovician 

Ifiaflts and Dz'sconformity 

MmDLE CAMBRIAN 
Kushan formation 50-100 ft. 

Shales and limestones with the fol-
lowing species. 

Brachiopoda 
Obolus linchengensis Sun 

Trilobita 
1. 
2. 

Wongia triangulata Sun (gen. et. sp. ) 
Blackwelderia tieni Sun 

3. Blackwelderia sinensis li1zchengensz's Sun 
4. Stephanocare richthofeni Monke 
5. Teinistion subconica Sun 

These species are included in Col. 21 
of Table O. 

Changhia limestone 700-800 ft. 
Massive and oolitic limestones. No 

fossils have been obtained from this for
mation. 

Probable Hiatus and Disconformity. 

LowER CAMBRIAN Manto shale 200-300 ft. 
Reddish and purplish shale which so 

far has not furnished fossils. 

Ifiatus and Disconformity 

SunFORMATION Sinian Beds. 
This section is of great interest because of the great 
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thickness of the Changhia limestone, which is here succeed
ed by the Kushan shales, with character-istic fauna. When 
compared with the section in the Kaiping Dasin 250 miles 
N. E. where this limestone is only from 300-400 ft. thick, 
and with the Changhia section of Shantung, 125 miles 
S. E. where the thickness is flOO ft. it is apparent that 
portions of these section must be incomplete. In the 
Lincheng and Changhia district the Kushan shale is pre
sent, and the difference of 200 to 300 ft. in the thickness 
of the Changhia limestone may be accounted for by the 
basal overlap. This is also suggested by the fact that 
whereas the Manto shale is 500 ft. in the Changhia sec
tion, its thickness in the Lincheng section 1s only 2'00-
300 ft. 

In the Ka iping section on the other hand, the Manto 
shale is again from 400-500 ft. thick, but the Changhia 
limestone is only from 300-400 ft. in thickness and the 
Kushan shale seems to be absent. The Kaiping and 
Changhia sections are approximately along the line of 
strike, and the small thickness of the Changhia limestone 
in the Kaiping section, coupled with the absence of the 
Kushan is probably to be accounted for by pre-Upper 
,Cambrian erosion or late Middle Cambrian off-lap. 

Section VIl Section at Efinc!tou Tttng-yii Shansz· 
(vValcott Sect. O) 

This lies about 1 70 miles south west of Peking ( Ap
proximately Lang. 112° 50' E, Lat. ;mo 30' N.) 
UPPER CAMBRIAN 

Dense blue limestone 20 ft. 
At the base horizon C7 4, with Eoorthis 

kayseri and Ptychasj'is betla. 
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Hiatus antl Disconformity 

MIDDLE CAMBRIAN 409 ft. 
K. Ocherous gray dense conglomeritic lime-

stone 75 ft. 
2 5 ft. below the top (below C7 4) 

is horizon C73, which has furnished 
Blackwelderia cib::x, and Inouyia.'P re
gularis. (Col. 19 Table 0). 

J. Massive ocherous gray limestone HO ft. 
About 30 ft. below the top of 

this limestone, or 85 ft. below horizon 
. C73, is horizon C77, with Lisania cf. 
bura, Anomocarc sp. and Anomocarella 
zrma ( Col 18 Table O) 

I. Brown gray shale and thin-bedded lime-
stone () 5 ft. 

H. 

·G. 
F. 

Near the middle, or 115ft. below 
horizon C77, are horizons C37 and 
C72. The fossils here found, are given 
in Col. 17 Table O. 
Massive gray oolitic limestone 

About 20 ft. bclow the top, or 
50 ft. below C37, is horizon C71, with 
the species given in Col. 16, Table O. 

This ts reg:trded as the same 
horizon as C l and C2 of section V-A 
and CIO of section V-B. 
Gray shale. 
Gray crystalline limestone 

In the upper part, or about 35 
ft. below C71, IS horizon CG9, with 
the fossils given in Col. 15  Table O. 

45 ft. 

15 ft. 

9 ft. 
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E. Gray calcareous shales 8 ft. 

D. Oolitic limestone 5 ft. 

C. Gray and huff shales, with limestone 
nodules 30 ft. 

35 ft. below C69, is horizon C70 
with the fossils given in Col . 14 
Table O 

B. Hard-brown gray oolitic limestone 1 2  ft. 

A. Slabby huff limestone, dense and hard 35 ft. 

In the lower part, or about 55 ft. 
below C70, and perhaps 15 ft. above 
the base, is C75, with the species listed 
in Col. 13, Table O 

Hiatus attd Dz"scon.formz"ty 

LowER CAMBRIAN Mant6 shales 180 ft. 
Red shales with a basal sandstone and 

conglomerate, 3-15 ft. thick. 

Hz"atus and Unco?t.formity 

PRE-CAMBRIAN Hut' o System 

Comparing this with the section of the Sintai District, 
we find first of a ll, an enormous difference in the thickness of 
the Man to shales, which is l HO ft. here, but over 500 ft. 
thick in the Kiulungshan section of Yenchuang, Sintai 
District in Shantung. A part of this is of course due to 
basal overlap, but another part undoubtedly was the result 
of erosion of the Mant6 shale before the readvance of the 
Middle Cambrian Sea. Again the total thickness of 
the Middle Cambrian in the Hinchou Section, ( Section VII) 
is 4m) ft. while that in section V-A of the Sintai District, 
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at Kiulungshan, is only about 3 4 5 ft, though when the 
missing portion from section V-B i s  added, the section 
would be over 7 5 0  ft. in thickness. Taki ng equivalent 
beds, we have in section VII horizon C 7 1 ,  2 7 5  ft . below 
the top of the Middle Cambrian . In section V-A, the 
equivalent bed is 2 4 5  ft . below the top . The difference 
however is more pronounced when these equivalent beds 
are compar ed with the base of the section.  Thus i n  Section 
VII H inchou, C71 is 140 ft. above the base. In section 
V-B the equivalent horizon ( C10 ) is 315 ft. above the 
base. Finally in section V-A it is only 5 0  ft. above the 
base. This testifies eloquently to the presen ce of a clis
conformity between the Lower and the Middle Cambrian, 
and to overlap . 

The clisconformity between the Middle and Upper 
Cambrian is shown by a comparison between sections in  
Ch' au mi tien (Walcott Sect. E) and Y enchuan ( \V alcott' s 
Section N, our Section -rV-A). Jn  th e former, horizon C -1 5 ,  
lies 8 0 0  feet above the Kushan shale. In the latter which 
lies about 6 0  miles south east of the former, Hor . C64, 

which \Valcott correlates with C 4 5 , lies only 1 5 0 ft. 
above Hor. C6, the repr esentative of the Kushan shale . 
Th i s indicates overlap ,  but not much erosion since the 
Kushan is represented in both sections. 
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TABLE O. 

f1//IDDLE CAMBRIA1V OF CHINA 

In ,the following table, Cols 1 - 3 ,  represent the Middle 
Cambrian of the Changhia District of Shantung.  ( Walcott 
Fig. I, p. 43) Changhia limestone. Cols 4- 8 represent the 
several fossiliferous zones of Section V-B.  at Yenchuang 
m Sh<�mtung. ( See Text-Fig. 1 4  and Walcott Figs 5 and 
6, page 44 ) ·  

Col's .  9 - 1 2 represent the Middle Cambrian or Lower 
Kiulung formation in the Kiulungshan of Henchuang Shan
tung. ( Text-Fig 1 4, Col. V-A Walcott' s fig. 8, page 

45 ) . 
Col's .  1 3- 1 9 repesents the several fossili ferous zones 

of the Kichou Iimestone (M iddle Cambrian) of Hinchou 
south of Tungyu in Shansi . (Text-Fig J 4 ,  Col. VI, \rVal
cott' s fig 3, page 43 .)  

Cols. 2 0-2 1 represent the sections i n  Hopei province 
according to Y. C .  Sun , and Cols 2 2-2 6 represent the 
fossiliferous zones, of the Fuch'ou formation of Tschanghsing 
Island Liautung Peninsula, Manchuria. The details are as 
follows: 

Col . l .  Division I ( lowest) of the Ch'anghia lime
ston e, Changhia section ( Vilalcott C .  2 3  an d C .  28 . ) 

Col. 2 .  Division I l  of the same. (Walcott ' s  horizons 
C. 2 9 ,  C .  3 0  C 4 8  and C. 5 1 . ) 

Col. 3 .  Division Ill of Changhia limestone Changhia 
District (Walcott's horizons C 1 8, C l 9 , C 2 l ,  C 2 2 ,  C2 4, 
C 2 5,  C 2 6 ,  C 3 5, C4 6 . )  
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Col. 4 . Divi sion B 2 ,  Section V-B.  Yenchuang. (\Val

cott horizon C 8 . ) 
Col. 5 .  D ivision B- 3 ,  V-B, Yenchuang Horizon C 5 . 

Co l .  6. Division B4, Section V-B. Yenchuang ( Wal
cott Horizon C6 3 . )  

Col. 7 .  Division B 5 .  Section V-B. (Walcott horizons 
C7, C9.) 

Col. 8.  Division B6.  Section V-B. ( Horizon C. l O. ) 
Also Walcott' s Section L. Hori zon C 5 7 . and hori zon 
Division H, Section VI C. 5 8 .  

Col . 9 .  Division A 6 ,  Lower Kiuling, Section V-A 
(Horizons C2,  C l  and C4) correlated with horizons C l  O 
in Col. 8 and with horizon 7 1 Divi sion H, Section VI 
Col . 1 6. 

Col . 1 0 . Division A 7, Lower Kiuling, Section V-A. 
( vValcott horizon C 62 . )  

Col. 1 1. Division AS, Lower Kiuling, Secti on V-.A. 

(\Valcott ' s horizons C 1 2 , C l 3 ,  C40.) 
Col.  1 2 . Division A9 . Lower Kiuling, Section V-A 

(Walcott's horizon C. 6 . ) Also horizon C. 5 5  of Walcott's 
section F. ( at Chaumitien ) Shantung. These two represent 
the Kushan formation . 

Col . 1 3 .  Division A. Kichou limestone, Section VII. 
Hinchow Shansi (Walcott horizon C. 7 5 ) 

Col . 1 4. Division C . ,  Section VI Hinchou. (\Val
cott' s horizon C70 . ) 

Col. 1 5 . Division F. , Section V II Hinchou . (Wal
cott' s horizon C 6 9 .) 
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Col. l G. Divis:on H., Section VII Hinchou. ( Wal

cott's horizon C71.) 
Col. 17. Division I., Section VII Hinchou. (Vlal

cott's horizons C37 and 72). 

Col. 18. Division J., Section VII Hinchou. ( Wal

cott's horizon C77). 

CoJ. 19. Division K, Section VII Hinchou. ( Wal

cott's horizon C73 ) · Probably the Kushan shale. 

Col. 20. Changhia limestone of the Kaiping Basin, 

Hopei Province. ( See Text-Fig. 13, Section Il). 
Col. 21. Kushan shale of Lincheng, Hopei Province. 

(Text Fig 14 Section VI). 
Col. 22. Fuchou Series, Manchuria. Division 2. 

(Idding's horizons 36c, 36e, 35n, 35r). Sect. I. 

Col. 2 3. Fuchou Series, Manchuria. Division 3a, 
Lower horizon , about 80 ft. above basal quartzite. ( Idding's 

locality 3 5 p). Sect. I 

Col. 24. Fuchou Series, Manchuria. Division 3b, 
Horizon about 50 ft. above the preceding. (Idding's locality 

2Gh, also apprcximate equivalent localities 35o, 36g. ) 
Section I 

Col. 2 5. Fuchou Series, Manchuria. Division 5, 
horizon about 70 ft. above the preceding or 200 ft. above 

white quartzite. (Idding's locality 35q ) . Sect. I 

Col. 26. Fouchou Series, Manchuria. Division 7. 
Upper part. Horizon 800 ft. above the preceding or 
l 000 ft. about the white quartsite. ( Idding ' s Loe. 36f.) 

Sect. l 
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Tite I1zdo- China Sec#ons 

The Cambrian of Tongking has been investigated by 
Deprat and the faunas described by Mansuyl 

The m ost complete section is in the region of Tenfong 
and Changchung. Here the main divisi ons, according to 
Deprat, are as foll ows. 

Up per Cambrian. �) 68 
G .  Beds with Ptyclzaspis walcottz· ..., _ _  i) b ;) m .  
F. Beds wi th Ptyclzaspis angztlata 2 2 0  m .  
E .  Beds with Dolyclzometopus l 7 5  m .  
D. Be ds with C!zuangia nzas 2 2 8  m. 

jlfiddle Cambrian . 804 
C. Beds \Vith Bil!ingsella 2 1 7 m. 

B . Be ds v,rith Stephanocare richtho-
feni 1 1 9 111. 

A. Beds with Blackwelderia -1:69 m .  
The detailed section as gtven by Deprat is  

as  follows in descending order for the Middle 
Cambrian. 

meters 

meters 

Divisi on C, with Billingsella 2 2 1 meters 

2 1 .  Thin-bedded limestone with thin m
terbedded sandy and marly layers and 
i rregular lentils 1 1  O m. 

1 .f. Deprat. Etude Geologiques sur la Region Septentrionale 

Haut-Tonkin.  Memoirs du Service Geologique du l'Indochine. 

Vol. IV , Fase. IV, p .  89, 1 915. 
H. Jfmzsuy. Faunes Cambrien du Haut Tonki n. Ibid. Fase. Il, 

1 915. 

H . .. Vanszt)'· Faunes Cambriens des l'extreme Orient Meridian

ale .  Ibid. Vol .  V. Fa se. I ,  1916. 
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2 0 .  Complex of alternating graywackes, 
thin limestone beds sands and marls 
with Billingsella to:tkinimza 

1 9 .  Limestonc similar to � l  
1 8 . Graywackcs 

l 7. Coarse sandstones 

l 6. Graywackes 

3 8 m. 

2 5 m. 

3 0 m. 

4 m. 
1 0  m. 

1 5 . Coarse sandstones 4 m. 

Division B, with Stephanocare richtho.fenz' 1 1 9 meters 

1 4 . Thin limestone beds, separated by 
thin sandy layers 6 5  m. 

1 3 . Yellow graywackes 1 9  m. 

1 2 . Dark oolitic l imestones l O m. 
1 1 . Yellowish and reddish marls, with 

intercalations o f  sandy bcds 2 0  m . 
Divi sion A, with Blackwelderia 4 6 8  meters 

l O .  Y cllow, sandy and gravelly beds 30 m. 

9 .  Dark ooli t ie  limes tones, alternating 
w i th clayey marls 60 m .  

8 .  Alternation s of sandstones graywackes 
and shales 40 m. 

7. O o li tie l i mes tones, reguiarly bedded 40 m .  

6 .  San d y  c1ay shales 30 m. 
�) . Black ool i tic l imestones 50 m. 

4 .  Sandy bed s 1 5  m. 

i.L Evenly bedded li mestone 1 9  m. 
2. Yel1ow sandston e 1 8  m. 
l .  Li mestones 

phthanite 
wi th intercala tions of 

1 8 0 m. 
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The Lower Cambrian appears to be wholly wan ting 
in this region, though i t  is known from Yunnan in South 
China. Apparently the measured sections do not give the 
full thickness of thi s  series, for Deprat says that the 
thickness of the entire Cambrian i s  at least 2 500 meters 
and of thi s  probably nearly one half would fall to the 
Middle Cambrian .  Deprats lithological section loses much 
of its value for lack of precise correlation with the palæ
ontologi cal zones of Man suy. There i s  even some question 
as to the dividing line between the M i ddle and Upper 
Cambrian , which Deprat puts above the beds with Billing
sella tonkinz"ana, (Horizon 20 , ) while Mansuy considers 
thi s species, which is closely related to Bill·ingsella colora
doensis, to mark the base of the Upper Cambrian. B. 
coloradoensz's Schumard, is however, characteristi c of the 
Langston and Ute formations of the Palæo-Cordilleran 
geosyn cline, but also occurs in the Upper Cambrian St. 
Charles formation of that geosyncl ine. Again it  has been 
reported from the Paradoxidcs beds in the Caledonian 
geosyncline . .  

The pa]æontolog i cal subdivisions by Mansuy distinguish 
1 7  zones, 4 of whi ch he places in the Upper Cambrian. 
Unfortunately Iv1ansuy treats these zones purely palæont
o�ogically, giving neither thickness nor lithological character, 
nor does he attempt to correlate them with the section by 
Dcprat. The following are the zones beginning with the 
lowest. 
a. Zone of Anomocarella cf. albiOJz Man suy corresponding 

to the basal zone of the Middle Cambrian of Shantung. 

b. Zone of Tonkinella flabelliformz's Mansuy, a form gen
erically related to Karlia Wal cott and Bathyuriscus 
Meek. 
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c. Zone of Anomocare cf. latilz"mbatum Dames and Ptycho
pan·a ( Emmrichella) cf. thiano. 

d. Zone with fragmentary fossils of unrecognizable genera 

and species (Crosiao Van beds ) . 
e. Zone of C01wcoryphe lantenoisi Mansuy (Thi s spectes 

however, recurs in zone g. ) 

f. Zone of Anomocare propinquum Mansuy. 
g. Zone of Anomocare mi1zus. 

With this occurs Conocoryphe lmztenoisi and to thi s  

horizon has also been ref e r  red the Dory p y ge richtho
fenz·. 

h. Zone of Anomocare subquadratum Dames 

Probably only a mutation of A .  minus. 
1 .  Zone of Conokephalina Brogger, compri sing 

C. term·ieri Mansuy, C. tien.fongensis Mansuy, 

C. oblonga Mansuy, C. latifrons Mansuy and 

C. sznenszs Mansuy. 
J ·  Zone of Chttangia meridionalis Mansuy 

Somewhat related to C. bat#a Walcott, which occurs 

at the base of the Upper Cambrian in China. 

k. Zone of Ptychoparia ( Annamites ) spinifera, together 

wi th Coosia asiatica 
l. Zone of Stephanocare monkei Walcott and Anomocarella 

cf. sinensis W alcott 

m. Zone of Dames el! a brevz·caud:Zta W alcott, and Co o sia 
deprati Mansuy. Other characteristic species of thi s 

zone are Blackwelderia sinensis (Bergeron ), Black-
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weldaria celix Walcott, B. t;tlastor Walcott, Agrau!os 

tonkinensis Mansuy, and Agnostus cf. douvillii Bergeren. 

This  corresponds precisely to the Damesc!la brevi

caudata beds of China, i. e. essentially the Kushan shale 

at the top of the Middle Cambrian, and this is where 

l'l'lansuy draws the dividing line between the M iddle and 

Upper Cambrian . 

. Upper Cambrimz 

n. Zone of Chztangia nais vValcott and Bil!ingsella to;z

kiniana correlated with the Cn'aumitien limestones of 
Shantung. 

o .  Zone of P�ychaspz·s angu!ata Man suy, Il!aenurus ceres 

vValcott, and Bi!lingse!!a loungeomsis Mansuy. Pty

chaspis angulata is related to P. acamus Walcott o( 

the Upper Cambrian of Shantung. Il!aenurus ceres is 

cha racteristic  of the Upper Cambrian Chaumitien I ime

stone of Shantung . Bi!!ingsel!a loungeoensis suggests 

B. exporrecta and B. rttgosocostata Linnarsson, of the 

Middle Cambr ian of Sweden 

p. Zone of Ptychaspz's wa!cotti, associated with Schumardia 

orimta!is . P. wa!cottz' i s  related to Pt. cadmus vValcott 

and Pt. acamus Walcott of the Upper Cambrian.  

q.  Zone of Ptychaspis walcotti and Eoorthis doris vValcott. 

r .  Zone of Anomocare cf. magaltt'l'zts Dames . 

In table P, are given the species and their distri
bution in these various zones as given by Mansu:y. 
Desp ite the number of new forms, the relation to the 
Chin ese Ca mbrian i s  apparent. 
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556 A. W. GRABAU 

TABLE V. 

MIDDLE CL'1 MBRIAN FAUNAS OF TI-IE 
SOUTHERN APPALA CHIAN GEOSYN

CLINE AND ITS EXTENSION 

O VER MISSISSIPPIA. 

In Cols 1 -7, the formations of the southem part of 
the Southern Appalachians from Alabama to Tennessee are 
given . 

In Cols 8- 1 O the northern parts of the Southern Ap
palachians from Virginia to Stissing Mountain, New York 
are given. 

In Cols 1 1 - 1 6 the formati ons of the southern part 
of Missi ssippia from Texas to M i ssouri ,  are given. In 
Cols 1 7- 2 0  the formation s of northern Mississi ppia, chiefly 
W isconsin and M innesota an d  its extension to the Dead
wood region of South Dakota, are given. In Cols 2 1 -2 3  
the distribution elsewhere an d i n  other horizons 1 s  g1ven. 
The Details are : 

Co!. I. So-called U pper Rome. Representing reworked 
material of the Rome type of sediment some
times with re- worked fossils,  and a new Middle 
Cambrian Fauna.  

Co!. 2 .  
Co!. 3· 
Co!. 4·  
Co!. 5 ·  
Co!. 6 .  

Conasauga formation o f  Alabama an d  Tennesse. 

Rutledge li mestone of Tennessee 

Rogersville shale of Tennessee 

Honaker limestone of Virginia 

Maryville limestone of Tennessee 



MIDDLE CAMBRIAN OR ALBERT AN PULSATION 557. 

Co!. 7· Nolichucky shale of Tennessee 

Co!. 8. Ellbrook limestone of Pennsylvania Maryland and 
Virginia 

8a Wolf Creek shale Rocky Gap, Bland Co. Va. 

Col. 9 · Warr ior limestone ( = Buffalo Run limestone) 
9a Y ork shale of Pennsylvania 
9b M iddle Cambrian Limestone Blair Co, Pennsyl

vama. 

Col. IO . Stissing limestone of New York 

IOa Ki ttatinny Limestone New Jersey and Pennsyl-
vania 

Co!. I I.  Cap Mountain limestone. Burnet Co. , Texas 

Co!. I2 . Wilberns shale, Burnet County, Texas 

Col. IJ. 

Col. I4. 

Col. I5. 
Co!. I6. 
Co!. I7 . 

C'ol. I8. 

Regan sandstone of Oklahoma etc . 

Honey Creek Shales of Oklahoma etc. 

Bonneterre f ormation of the Ozark region 
Elvins formation of the Ozark region 

Eauclaire formation of the Upper Mississippi 
region 

Dresbach formation of the Upper Mississippi 
region 

Co!. I9 . Franconia format ion of the Uppcr M ississippi 
region . 

Co!. 20 . Lowcr Deadwood formation of the Black Hills 
region of South Dakota 

Col. 2 I. Also m Middle Cambrian of Palæo-Cordilleran 
geosynclinc. 

Ca!. 22. Also in Lower Cambrian 
Co!. 23. Also in Upper Cambrian. 
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TABLE VI 

JI!IIDDLE CAllfBRIAN FAUNAS OF THE PAL/EO
CORDILLERAN GEOSYNCLINE 

In Column l the fossils of the Cape vVood and Pem
mican River ( la) formations of Inglefield Land and Wash
ington Land Greenland are given. Columns 2 & 3 comprises 

1:he Middle Cambrian formations of the Robson Peak area. 
Columns 4 & 5 gives the Middle Cambrian of the Bow 
River Valley exposures in Alberta and British Columbia. 
Cols. t)-9 cover the Middle Cambrian of Montana and Cols. 
] O & 11 those of Wyoming. Cols 12-13 gives the Middle 
Cambrian of the Nevada sections and Cols. 14-20 those 
of Utah and Idaho. Co1s 21-2 3 cover the Middlc Cam
brian of Arizona Sections and southern CaJifornia. 

Finally in Col. 2 4 are given the Middle Cambriati 
species known from the Pre-Andean geosyncline of South 
America in Bolivia and the Argentine .. In Col. 2f• the 
distribution in other horizons and geqsynclines are given, 
distinguished by letters . The following are the columns in 
detail. ( 5a, 5b are designated a; b, respectively in Col . 5 
<:tnd the same method is followed in other columns. When 
a, b etc. are in italics, the species occurs in hvo horizons; 
tl1e one represented by the column alone the other indicatecl 
by the letter. 

Co!. I. Northwest Greenland Cape Wood formation 
za Pemmican River forJDation Greenland 

Co!. 2. Chetang formation, Robson Peak, 

Co!. 3· Titkana formation, Robson Peak 
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Co!. 4· Ptarmigan formation of Mount Bosworth 
Co!. 5· Stephen formation, Mount Bosworth and Mount 

Stephen 

Co!. 6. 

Lot. 7. 
Co!. 8. 

5* = Burgess shale fauna, ( mostly listed separ

ately ) 
st = Ogygopsis shale of Stephen f ormation. 

5tl Murchison formation, northern representative 

of the Stephen. 

5b. Eldon formation, Alberta and British Columbia 

Gordon formation. Montana 

6a Dearbor!1e No. 6, Montana 

Flathead formation, Montana 

Wolsey shale. Montana 

8 a Meagher limestone, Montan a  

8b. Dearborne formation No. 4 ,  Montana 
Co!. 9. Park shale, Montana 

9a Pilgrim limestone, Montana 

9b Dry Creek shale 

Co!. IO. Grosventre formation, Wyoming 

IOa Deadwood formation of Wyoming 

Co!. I I. Gallatin formation Wyoming 

Co!. I 2. Chisholm shale, Nevada 

I2a So-called uProspect Mountain" beds, between 

Chisholm shale and Olenellus beds. 

Co!. I3. Highland Peak limestone, Nevada 

I 3a Eldorado limes tone, Nevada 
I 3b. Secret Canyon shale, Nevada 
I 3c Emigrant f ormation, Nevada 
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Co!. I4. Langston formation of Idaho and Utah. 

I4a Hartman formation 

Co!. I5. Spence shale, Idaho and Utah 

.15a Ute formation, Idaho and Utah. 

Co! . .16. Blacksmith formation. Idaho and Utah. 

z6a Bloomington formation, Idaho and Utah. 
z6b Nounan formation, Idaho and Utah 
.16c Aowell formation of Utah 
z6d Swazy formation of Utah 

Co!. z7. Wheeler formation of Utah 

Co!. z8. Marjum formation of Utah 

Co!. I9. Weeks formation of Utah 

Co!. 20. Orr formation of Utah 

Co!. 2 I. Tapeats sandstone of Grand Canyon, Arizona 

Co!. 22. Bright Angel shale of Grand Canyon, Arizona 
22a Nunkoweap shales of Grand Canyon, Arizona 

Co!. 2]. Mouav limestone of Grand Canyon etc. Arizona 

2 3a Abrigo limestone of Arizona 

2Jb. lron Hill formation of Mohave descrt S. 
California 

Co!. 24. Middle Cambrian of South America, Argentine 
& Bolivia 

Co!. 2 5. Other horizons etc. 

25a Also in Upper Cambrian 

25b Also in Lower Cambrian 

25c Also Middle Cambrian of Appalachian geo
synclme 

25d Also Middle Cambrian of Caledonian geo
syncline 
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Other horizons & Geosynclines l � 
South Ameriea l � 
Mouav, a Abrigo b lron Htll l � ------------------

�Bv-rl�·g�l _1t __ A_. �n �g7e_J_. _a __ � __ u_n _k_o_\_v_e _a�p--------�' ��=-�---------------------
1�1,'a_p�e�a�ts_·_A�r�iz_o_ n_a ____________________ �I ����--------------------

Orr Formation l � 
Weeks Fonnation l � --------------------
Marjum Fonnation ! '?3 X 
W hee ler Forma ri on 

------------------� 
i l-,..... l 

Blacksmith, a liJoomington 
b �ounan, c Howell d Swazy. 
Spence Sh. a Ut:e Formation 
Lang,;ton, a Hartman 
Highland Pk. a Eldorado; b Secret 
Canvon: c Emigrant. 
Chisholm; a .Prospect lVlt. 
Gallatin Formation 
Grosventre, a Deadwood Wy. 
Park. a Pilgrim, b D1-y Creek 
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l ,...... l 
l li� ...... l 
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Cape \Vood, a Pemmican .K. Greenl. i ...-. l l l l 
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TABLE VII. 

MIDDLE CAMBRIAN FAUNAS OF THE 
CALEDONIAN GEOSYNCLI1VE. 

This table summarizes the occurrences of the Middle 
Cambrian faunas of the various districts. Only the Acadian 
or Paradoxides fauna is included, since the Protolenus 

(Hanfordian) and the Dugaldian have only a limited dis
tribution an d the faunas of these has already becn given 
in detail. In the various separate tables which have been 
given , the detailed distribution by zones is shown , but in 
the present table the Acadian is treated as a whole, with
out discrimination of zones. 

The following are the columns in detail. 

Co l. I. Eastern Massachusetts. Hayward Creek and 

vicinity in South Braintree. 
Co!. 2. Acadian of New Brunswick and Cape Breton, 

for details see ta ble M Cols. ()-14 
Co!. 3· Southeastern Newfoundland. Man uel' s Brook sec

tion. For details see Table M, Cols 1-5. also 

Trin ity and Conception Bays 

Co!. 4· Middle Cambrian of South Wales. For details 

of St. David's section, see Table J, Cols 1-8 
Co!. 5. North Wales. Middle Cambrian. For details of 

St. Tudwal's section s see Table J. Cols 9-15. 

sa Cairn Burn & Druid Hill Burn Dumfrieshire, 

South Scotland 
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5b Bellewstown, County Meath; Balbriggau, County 

Dublin Ireland 

Co!. 6. Middle Cambrian C Acadian) of the Comley dis

trict. For details of distribution see Table L. 
Col. 7· Middle Cambrian of Nuneaton district Warwick

shire. England. For details of zoning see Table K. 
Col. 8. 
Col. 9· 

Oslo ( Kristiania ) District of Norway 

Southern Sweden, including Scan ia. For detailed 

distribution in Scania see Table I 
Col. IO. Bornholm Island. For detailed zonal distribu-

tion see Table H 
Col. I I. Spain CAsturias Leon, Aragon) Portugal COnly a 

fe\v of the Villa Boim species are included. The 
rest are omitted as the horizon is not definitely 

determi ned. 

Col. I2. 
Col. IJ. 
Col. I4. 
Col. I5. 

Col. I6. 

Col. I7. 

Montagne Noire. 

Central Bohemia 

South Germany 

Sardinia: Canal Grande and LaCabitza (25 km 
vV. and 5. km S. E. respectively from 

Iglesias) ( The Archæocyathids are omitted as 

their age is in doubt) . 

Sainte Croix Mountains C Gor Swietokryskich) 
and Pepper Mountains of Poland 

Siberia, and Bennett Island. The Archæocyathids 

of the Torgoshino limestone are omitted, as the 

age of this formation is in doubt. 
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Co!. I8. Finmarken Embayment of Northern Sweden and 

Norway and the Trontj em District of Norway. 

The species here included may not belong to 
the Middle Cambrian 

Co!. I9. The St. Alban's Formation of Vermont. 

I9a At Little Metis on the St. Lawrence below Que

bec Long. 68) \N, Lat 480 40' N 
Co!. 20. Occurs also in Lower Cambrian of Caledonian 

geosyncline. 

Co!. 2 I. Occurs also in U p per Cambrian of the Caledon i an 

geosyncl ine 

Co!. 22. Also in Micldle Cambrian of Appalachian geo

syncline 

Co!. 2]. Also in l'l'liddle Cambrian of Palæo-Cordilleran 

geosyncline. 
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Also Mid. Camb. Palæocord. 
Also Mid . Camb. Appalach. 

Also Upper Cambrian 

Also Lower Cambrian 

St. Albans Vt & Little Metis (19a) 
.Finmarken Embayment 

Siberia & Bennett Island 

Ste. Croix Mts. etc. Poland 
Island of Sardinia 
Frankenwald Havaria 

Central Bohemia ---
Montagne Noire. France 
Spain and Portugal 

Bornholm Island 

Southern Sweden 

Oslo (Kristiania) N orway 
Nuneaton England 
Comley. England 
N. Wales, 5a, S. Scotl.,5b, lreland 

South. Wales 
S. E. N ewtoundland 
New Brunswick & Cape Breton 

Eastern Nlassaclmsetts 
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NOTE ON PLATE IL PALÆOGEOGRAPHIC MAP 

OF PANG ÆA IN MIDDLE CAMBRIAN 

TIME 

This  map is drawn on the same principles and the 
same proj ection as is Pl . I ( see ante, p .  1 5 6, z82) . The 
several geosyncl ines are lin ed as bef ore, the Caledonian 
horz.zontal, the Southern Appalachian vertical, the Palæo
Cordilleran horizontal and vertical crossed and the Indo
Chinese diagonal. The Finmarken extension of the Sz.berian 
Epi-Sea now unites with the Northern Appalachian geo
syncline, extending to the Albany axis ( Ax ) which di vides 
it from the Southern Appalachian geosyn cl ine . The latter 
i s expanded over part of M ississippia, forming the Missz·s
szppialz Epein·c Sea and more or less confluent on the 
south through the Crepicephalzts Epi-Sea with the Palæo- Cor
dilleran geosyclin e, though th i s  latter derived most of i ts 
fauna from the Boreal Epi-Sca, whi ch also flooded the 
westl coast of Greenland. 

Another j uncti on between the Mississippian Epeiric 
sea and the Palæo- Cordilleran geosyncline is shown in the 
Deadwood Straits ( D) .  

The Pre-Andean geosyncHne now extended to Bolivia 
and the Argentin e and since it formed another extension 
of the Crepicephalus Epi-Sea, i t  is also represented by vertical 
lin ing. 

A narrow continental shelf is shown on the sea-board 
of South America, and on that of Antarctica, and along 
thi s  a few types were able to migrate, thus expla ining the 

l Compass directions apply to modern maps 
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occcurrence of some American brachiopods m the Indo
Chinese geosyncline, an d the generic identity of a number 
of the trilobites. 

The Indo-Pacific Ejn'-Sea was essentially the Redlickia 

Sea of Lower Cambrian time, and it  was the faunal feeder 
of both the Himalayan and the Cathaysian geosyncl ines. 

The Caledonian geosyncl ine covered a somewhat greater 
portion of Fenne-Scandia  and more or less the same por
t ions of England and Newfoundland, as well as New 
Brunswick and Eastern Massachusetts, as it did in Lower 
Cambrian time, though in Britain it extended into Southern 
Scotland ( Dumfries-shire ) and it also covered a small 
portion of the Irish Coast . 

On the opposite side, it covered practically the whole 
of Spain and Southem France and had a Mediterranean 
exten sion a cross Sardinia  into Syrabia. In the latter region, 
which i s  dose to our hypothetical North Pole, we have over 
2 0 0  meters of basal deposits of continental, possibly glacial 
type, followed by a few l i mestone layers with poorly pre
served f ossils.  

It should be n oted that the North Appalachian geo
syncline, i. e. the second exten sion of the Siberian Epi-Sea, 
did not cover Northern Scotland and New-foundland, nor 
eastern Greenland as it did in Lower Cambrian time. It 
is however, not impossible  that Middle Cambrian beds may 
be recognized in one or more of these localities, in which 
case a widening of the water-body will supply the proper 
correction . It should also be noted that the Olenellus Bay 
of Lower Cambrian time has been coverted into a land 
barrier, the Greeno-Scandian axis,  ( Gx), the width of which 
may of course be much less than represented. Should 
Boreal types of Middle Cambrian fossils eventually be found 
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in th is geosyncline, along with the S iberian types now 
known , some sort of connection across the axis will have 
to be restored. 

The term Epi-Sea is here used for the large littoral 
water bo dies that supplied the chief f aunal elements of the 
several geosyncl ines and represented the centers of evolution 
and distribution of these faunas. In Middle as in Lower 
Cambrian time, the three principal Epi-Seas were the 
Borcal, the Sz"bcrian, and the hzdo-Pacific, each with a 
distinctive fauna.  

It is li kely that by this  t ime the Crcpicephalus Bay, 
the feecler of the southern Appalachian geosyncline had 
acquirecl the clign i ty of an Epi-Sea.  That it was to a 
certain exten t a center of evoluti on and faun al distribution 
cannot be doubtecl. Certainly its successor, the Ozarkian 
Epi-Sea of Cambrovician t i me , became an important center 
of evolution and fauna! clistribution . 

The llfissz"ss ippz"an Epez"ric Sea, on the other hand, 
merely represents the repeated floodings of the great 
marginal plain of the Appalach ian geosyncline, and cannot 
be regarcled as a center of faunal evolution . 

The following local i ti es are indicated by letters only, 
their posi t i on being approxi mate . (For exact locatiori see 
the maps of the l several continents Plates Ila-Ile ) 

A. Andrarum in Scan ia, Southern Sweden 
Ax. Albany axis, between the southern and n orthern 

Appalachian Geosynclines. 
B. Bohcmian Basin . 
D .  Deadwoocl in South Dakota 
Gx. Greeno-Scandian axis 
J .  S t .  John . New Brunswick 
L. Little Metis, Ouebec 
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M. Ea stern Massachusetts 

N. Montagne Noire .  Southern Francc. 

P. Central Poland. St. Croix Mounta ins etc . 
S. Sardinia Island 

V.- St. Albans Vermont 

\V. Wadi Araba in Syrabia. 

NOTES ON THE INDIVIDUAL PALÆOGEO

GRAPHIC MAPS, PLATES Ila - Ile 

The Palæogeography is  here shown superimposed upon 
modem maps. Thi s  involves a series of inaccuracies for 
all those portions of the geosyn clines with folded and dis
turbed strata, represen ted ei ther by still unreducecl modem 
mountains, or by the roots of ancient mountains which 
have been peneplaned. In general, it may be said, that 
the width of such geosynclines in foldecl region s, was origin
ally perhaps 4 times that represen ted on the map, and the 

same thing i s  true for those ancient land masses which 
were affectecl by the folding. These maps are based on 
the supposition that the continents today are in all respects 
what they were in Palæozoic time, thi s  being assumecl also 
,of the ocean s .  They should be compared with the map of 
Pangæa (Pl . Il) , which i s  based on the supposition that 
in Palæozoi c times, the continen ts formed one lancl-mass. 

Certain discrepancies which appear between the two 
�roups of maps, are due to the fact, that the proj ections 
are of such a differen t character, and that hence the dis

tortions are of a different order, and affect different parts 
"of the continents. 
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PLA TE IIa PALÆO GEOGRAPHIC MAP OF 

NOR TH AMERICA IN MIDDLE 

CA MBRIAN TIJI-IE. 

The two chief geosynclines representecl here are the 
Palæo- Cordillera1t in the west, representecl by vertical and 
horizontal lines crossed, and the Southe1'n Appalachian, 
together with its extension over Mississippz·a, inclicated by 
vertical lining . The Norther1z Appalachz.mz geosyncline i s  
distinct, being separated from the south e m  by the Albany 
axis. It contains the fauna of the Atlantic province, which 
is also that of the Caledonz·a?Z geosyncline of Europe . The 
extension of the latter is seen in Eastern Newfoundland 
( Manuels Brook ) , Cap e  Breton, the St. John area of New 
Brunswick, and in Eastem Massachusetts. This region is 
represented by horizontal lining . If the Atlantic Ocean 
was in existence at thi s time, and was the center of evolu
tion and dispersal of the Paradoxides fauna, the marginal 
portions of the North American continent represented a 
transgression of this sea, while the northern Appalachian 
geosyncl ine represented an extension from the Atlantic; 
either through the Gulf of St. Lawrence or directly from 
the sea south of Greenland, the geosyncline having essenti
ally the outline and form which it had in Lower Cambrian 
ti me. No attempt is made to indicate, the margin of the 
Atlantic nor is the eastern margin of the Appalachian continent 
represented. 

The Crepz·cephalus Bpi-Sea, which was the center of 
evolution of the Southern Appalachian Middle Cambrian 
fauna, occupies essentially the region of the present Gulf of 
Mexico and a part of Mexico and Central America, and is 
an embayment from the Pacific, the deep sea portion of 
which is here represented in black. These ,....,-a ters extended . 
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over the Mississippian flat-lands, the marginal shelf of the 
southern Appalachian geosyncline, essentially to the present 
Rocky Mountain border on the west, and over a large part 
of Wisconsin and Minnesota. In this, the sands of the 
Middle Cambrian portion of the St . Croix Formation ac
cumulated, these compr ising the formations to the top of 
the FRANCONIA in the Northern region, and to the top of 
the ELVINS, in the Ozark Mountains. The exact dividing 
line in the Arbuckle Mts. and the Pack-Saddle Mountain, 
of central Texas is still undetermined.  It may be at the 
top of the Regan, or of the Honey Creek in the Arbuckle 
region, and at th� top of the Cap Mountain or of the Wil
berns shale in the Texas region . 

Communication with the Palæo- Cordilleran geosyncline 
was made possible by the Deadwood Straits in South 
Dakota and \Vyoming, but therc also was connection with. 
the C:cepicephalus Epi-Sea on the south . The main faunal 
source of the Palæo- Cordilleran geosyncline, however, was 
the Boreal Epi-Sea, wh ich bordered the deep ocean ( in 
black) on the north .  

It is  t o  this  group of deposits that the formations of 
northwest Greenland belong. The exact outline of the 
Boreal Epi- sea is of occurse conj ectural . The location of 
the varions important sections in thi s  geosyncline are in
dica ted. 

PLA TE IIb PALÆO GEO GRAPHY OF EUROPE 

IN MIDDLE CAMBRIAN TIME 

This is  again represented on the modem map and 
hence the region s are variously distorted . A portion of 
the deep sea is shown on the north and this is bordered 
by the li ttoral extension of the .S't'berian Epz'-Sea which 
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appears to . have been the source of the faunas of these 
geosynclines . ( See Plate Ile ) All of the geosynclines and 
water bodies in thi s  region are of on e type and character
ized by the Paradoxides fauna. The principal one is the 
C''alcdoniatt Gcosy7lcline, which has an approx imate east
west extension across Europe. lts greatest width is in the 
meridian of Berlin (B) where the Bavarian and Bohemian 
Basin s form an extension southward, to the vicinity of 
. Vienna (V ) .  Whether this represents the original width of 
the geosyncline or whether the Bohemian region represents 
a southward thrusting of a northern block, as once suggested 
by the late Professor Rothpletz, remains to be determined. 
The British portion of the geosyncline on the west is  much 
narrower, because there extensive folding of the strata has 
taken place. 

Thi s  same folding together with much thrusting has 
narrowed the Finmarken Gulf or Norwegian geosyncli1ze 
on the North. It has also narrowed the Fenno-Scandian 
land mass which di vides this northern from the Caledonian 
geosyncline, and to which the greater part of Ireland and 
Scotland belong. 

The northern part of the Caledonian geosyncline i. e. 
the part i nvolving southern Sweden and Bornholm, as well 
as that of the Oslo region , represents marginal shelf de
posits, with repeated floodings as outlined in the text. 
vVhether the central part of the geosyncline was more 
rap idly subsiding and has thicker deposits is unknown. 

The eastward extension of the geosyncline, beyond the 
regions of the St. Croix Moun tains of Poland is purely 
conj ectural . It has been placed in the region to the south 
of the main Urals, covering the northern part of the Cas
p tan, together with the lower V olga Basin and the Aral 
.Sea. 
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Of course if the Atlantic Ocean was in existencc at 
thi s  time, and the source of the fauna was there, the south
east Russian and Siberian extensions of thi s geosyncl ine are 
not needed. Bnt, if the contin ents were in j uxtaposition at 
this time, and the Siberian Epi-Sea wa s the source of the 
fauna, the o!1ly satisfactory pathway of connection was 
something like that indicated here, for reason s given in 
the text. 

For the first t ime the Tethya;z geos�vncline on the south 
was outlined, this not having existed, so far as the facts 
now indicate, in Lower Cambrian time. Thi s  geosynclin e 
covered much of Spain and Portugal and the Montaigne 
Noi re regi on of Southern France, and in it are included the 
well-known Sardin ian deposits and those remarkable deposits 
believed to be of Middle Cambr ian age in Wadi-Araba, at  
i ts extreme eastern end. The locati ons of the main sections 
discuss'ed are indicated and for purposes of orien tation ,  the 
chief capitals are represented by Ietters as follows: 

B. Berl in  P. Paris 
C. Constantinople Pr. Prague 
L. London R. Rome 

Ls. Lisbon S .  Stockholm 
M. Madrid V. Vienna 

Mo. Moscow W .  Warsaw 

PLA TE IIc PAL/EO GEOGRAPHY OF ASIA IN 

JVIIDDLE CAMBRJAN TIME. 

This, l ike the others is based on modern maps and 
therefore inaccurate so far as the an cient geography has 
been modified by compression of the geosynclinal areas.  Two 
distincts geosyncl ines and centers of or igin of faunas are 
shown. 
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In the north is the Sibcrimz Epi-Sea, fronting the deep 
northern ocean. It is extended on the one hand in to the 
Fi1zlmzd Gztif and on the other in the Caledonian geosyn
c!ine. All these are represented by horizontal lining. The 
other region shown is the Indo-Pac�fic Epi-Sca, which fronts 
tne deep Indian Ocean, and has the two extensi ons, the 
Cathaysz·a1z and the Hima!aya�z geosynclines . None of 
these seas are connected with the deep Pacific Ocean on 
the east. 

A small port ion of the Tethya1z geosyncline including 
vVadi-Araba i s  shown on the left . 

The localities of the principal sections in the geo
synclines and the main land-masses of the per iod are 
indicated. 
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