
Palæozoic Formations in the light of the 

Pulsation Theory. 

Bv PROFEssoR A. vv. GHABAu 

I. THE LOWER CAMBRIAN PULSATION 

The essentials of the Pulsation theory have been given 
in several previous eommunieations.l The theory is an 
explanation of the observed phenomena of progressive 
overlap, followed by regressive off-Iap, eaeh of whieh re
presents one of the minor divisions of the geological 
systems, sueh as the Lower Silurian, whieh is a transgres
sive series, and the Middle Silurian whieh is a regressive 
senes. As these phenomena of overlap and off-lap have 
occurred more or less simultaneously on all the lands, they 
eannot be referred to epeirogenic movements, that is, loeal 
sinkings and risings of continental masses. It is only the 
general rise of thc sea-level, whieh would produce simultan
eous flooding of the geosynelines and low districts of all 
eontinents, while a sinking sea-level would produce a eor
responding pancontinental retreat of the sea. It is these 
two, the rising, and the sueeecding falling sea-level, which 
together eonstitute an individual pulse-beat, and it is proh
able that the period of duration of such a pulse-beat is 
between 20 and 30 million years. 

In the diseussion of the subjeet before the GeologicaJ 
Soeiety of China, it was suggested that a more normal 
sub-division of the Palæozoic, than the one now in use, is· 
desirable, one more in eonformity with the phenomena of 

I 16th International Geol. Congress, Washington D. C. July 1933. 
University of California Leeture Berkely Sept. 1933; Joint meet
ing of the Geo!, Soc. of China and Peking Soc. of Nat. History, 
Oct. 1933; xoth annua! meeting of Geol. Soc. of China Nov. 1933. 
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the pulse-beat, and that hence the Palæozoic should be 
divided into systems, each one of which represents a trans
gressive series constituting the lower, and a regressive 
series, consti tuting the upper portion. This would require 
the removal of a third of each of the older systems, and 
the combination of two adjoining ones into a new one. 
Thus the old Upper Silurian which represents a transgres
sive, and the old Lower Devonian which represents a re
treatal series, constitute a single pulsation, and would on 
this new basis have to be united into a distinct and new 
system of the Palæozoic. Similar changes would have to 
be made in other systems to harmonize them with the 
phenomenon of pulsation. 

The significance of the pulsations in the development 
of the Palæozoic systems and their faunas, requires empha
sizing, as it may not at first be very apparent. 

vVith the beginning of a pulsation, the sea advances 
uniformly over the continents, wherever these are suffi.ciently 
low to permit marine ingression, when the oceanic level 
rises. Such transgression is most pronounced in the geo
synclines and over the continental shelves, and proceeds from 
all oceans simultaneously if the rise is a uniform one, or 
if the continental masses are situated within reach of the 
nsmg waters. With separate continents, scattered over the 
surface of the earth as they are today, transgression affect
ing all of them could only be brought about by a general 
rise in the sea-level, such as would be produced were the 
ocean floor to swell and so lift the entirc body of 'vater 
above it. 

lf on the other hand the present continents were unit
ed in a single continental mass in Palæozoic · time, as is 
postulated by the theory of continental drift, an alternative 
cause might be assigned for the transgressive and regressive 
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movements. This is the pcriodic acceleration and subsequent 
retardation in the earth's rotation, as suggested some years 
ago by Dr. J. S. Lee. If it may be assumed that the 
united continental mass occupies one polar hemisphere, with 
the pole somewhere in the center of this land mass, and 
the equator marking in general the outer border of the 
land, then it becomes apparent that a retardation in the 
earth's rotary mavement and the resultant poleward flow of 
the ocean i c waters would produce transgression over the 
polar hemisphere of land, while an iocrcase in the rate of 
rotation which would draw the oceanic watars towards the 
equator, would produce a regressive mavement of the waters 
on the continental hemisphere. 

These movements it must be observed can take place 
simultaneously on all the lands only if these are united in 
a single polar hemisphere. lf they are distributed as now 
on both sides of the equator, transgression in the polar, 
would be accompanied by regression in the equatorial re
gions and conversely, regression in the polar regions is ac
companied by transgression in the equatorially situated lands.l 

So far as facts are known, transgression and regres
sion have affected the continents essentially in a uniform 
manner. Therefore we must either postulate a universal 
rise and faU of the sea-level or the concentration of all the 
lands within a single polar hemisphere; in which case either 
the general rise followed by a fall of the sea level, or a 

retardation followed by acceleration of the earth's rotation, 
would prociuce the phenomenon designated a pulsation. 

When we translate the physical phenomenon of sea
transgression into its effect upon the migration of marine 
faunas, we are confrontecl, at the outset, with the problem 
of distinctive fatmal groups. lf we deal with partially Is-

I Geosynelines on the equator rcquire special consideration. 
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old.ted ocean basins, only sufficiently connected to be affected 
by the general rise and fall of the oceanic level, .we would 
expect to find that the invading faunas from the several 
oceanic bodies were each more or less distinct from the 
.other, this being the more pronounced, if the different 
oceanic bodies existed in different climatic zones. But even 
if the continents were all concentrated into a single polar 
hemisphere with the margir1s more or less falling in the 
equatorial region, we could understand the existence of dis
tinet fatmal groups, along different parts of the continental 
border, separated by discontinuity of the continental shelves, 
which at that early time must at best have been narrow, 
and developed mainly where the rivers from the geosyn
dines poured into the sea, producing a submerged coas�l 
shelf. Under such circumstances uniformity in the faunal 
elements would only exist in the pelagic types, while con
siderable diversity might be found in the groups restricted 
to the littoral benthos of the various isolated portions of 
the continental shelf. This would account for distinctive 
faunal assernbiages in the invading oceanic bodies from the 
various oceanic regions, and the distinction would be pro
nounced in the proportion in which intermingling of faunas 
along t11e continental borders, either in the mero-planktonic 
or the adult benthonic stage, wonld be prohibited. (See pl. I) 

The phenomenon of a transgressing sea with accomp
anying vast progressive increase of the littoral realm, which 
the marine organisms may occupy, would be characterized. 
by an expansive evolution of that fauna, since a free play 
in developmental tendencies is allowed, and the lessening of 
the struggle for existence would favour even the persistance 
of less adaptab:e types. Moreover, the variety of local 
habitats, successive:y O?ened by the transgression, would 
bring into play diverse stimuli, under the action of which 
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otherwise dornun t characteristics might be deve!oped. In 
this wise the more or less limited faunas at the beginning
of the transgression would become widely diversified during 
its progress, and since the whole period of a single trans
gression covers a time interval of some ten million years 
or more, it would come to pass that the transgressive series 
of deposits, near the acme of development, at the period 
of maximuro sea expansion, would endose a rich and di
versified fauna. This in itself would represent a more or 
less coherent unit, widely recognizable, wherever the trans
gressive series from one source invaded the land, but more 
or less distinct from the fauna of the contemporaneously 
invading seas f rom another isolated portion of the contin
ental shelf. When two such invading seas from opposite 
directions meet, there would of course be an intermingling 
of faunal elements whose evaluation, with respect to their 
original source, would become a subject of speculation. But 
if there is no such meeting of simultaneously transgressing 
seas, the benthonic faunas would show many distinctive 
forms peculiar to each, though the pelagic elements of the 
faunas might be identical. Thus, while the corals, benthonic 
brachiopods, most mollusks, trilobites and crinoids are apt 
to be distinct, the foraminifera, graptolites, and perhaps 
goniatites, if they have appeared, might show identity of 
spec1es. 

When the regression of the sea begins, the littoral 
area becomes progressively restricted, with the result that 
there commences a process of progressive extermination of 
the benthonic types, and with the narrowing of the field of 
occupancy comes the development of a more hostile environ
ment, and a sharpening of the struggle for existence. 

Under such circumstances further modification in special 
directions would take place in the surviving types, and thus 
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the fauna decreases numerically and at the same time becomes 
modified varietally. 

Physically the evidence of regression may be found in the 
replacement of pure water sediments by clastic deposits, and 
these of themselves are inimical to the existence of many 
.of the f ormerly widespread organ i c types. Thus while the 
fauna of the retreating or off-lapping series would still 
show marked relationship to that of the transgressing series, 
it would become sufficiently distinct to permit ready separa
tion f rom the preceding one. Finally by the time that the 
retreat has been complete and the littoral zones have become 
narrowed to the continental shelves, the struggle for existence 
would have reached its most intense stage, and consequently 
the modification of the few surviving types, which takes 
place, would become proportionately pronounced. By the 
time then that the new pulsation begins, and renewed trans
gression takes place, most of the older forms would have 
become exstinct, and the spreading faunas would have a 

distinctive complexion of their own, more markedly different 
from that of the preceding retreatal fauna than that one is 
from its antecedent transgressive fauna. 

lt is thus apparent that fanrally the deposits of a single 
pulsation, that is the transgressive and regressive series, 
form a related group of units, distinctive from that of either 
the preceding or sueeecding pulsation. This leads to the 
inevitable condusion that the natura! division of the systems 
must be based on the pulsations, each system compnsmg a 

lower or transgressive series, and an upper or regressive 
senes. 

As is well known, the present classification gives each 
system one complete and one half pulsation, and therefore 
ineludes a part of a distinctive fatmal system, either as its 

lower, or as its. upper portion. Thus while the Lower and 
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Midelie Silurian form one cyclic series of deposits and one 
waxing and waning faunal group, the Upper Silurian is the 
lower half of the sueeecding cyclc of deposition with its 
new waxing fauna. The remainder or upper portion of that 
cycle, w i th the waning f aunal element, is seen in the Lower 
Devonian of the presen t classification. The Ordovician of 
the present classification on the other hand, begins with the 
retreatal or upper half of the cycle of deposition with a 
waning fauna! group, while the sueeecding Middle and Upper 
Ordovician represent the deposits of a complete cycle and 
the corresponding waxing and waning faunas and therefore 
a complete pulsation. 

When we propose to base our classification on the 
phenomena of pulsation with the accompanying sediments and 

. faunas, it behoves us to scrutinize with marked care the 
oleler systemic divisions, to see how far they and their cur
rent three-fold divisions permit incorporation into the new 
pulsation systems. At the very outset we ar e met w i th a 

baffling case in the divisions of the Cambrian system, 
which do not appear to admit combination into pulsation 
systems. 

It is a matter of general knowledge that f ew o f the 
current systems present such striking fauna! differences be
tween their successive divisions, as does the Cambrian of 
current usage. The faunal difference benveen the Lower 
and Midelie Cambrian is almost complete, very few types 
extending across. Their most marked differences are seen 
in their leading fauna! elements i.e. the trilobites. 

In each of the several fauna! provinces, into which the 
Lower Cambrian can be divided, the faunas are elistinet from 
those of the others and in each the fauna of the Lower 
Cambrian is entirely elistinet from that of the Midelie Cam
brian. Thus in the Lower Cambrian of the Atlantic Pro-
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vince, the · leading trilobites are Holmia and Callavia etc, 
while the Middle Cambrian is characterized, above all, by 
Paradoxz.dcs, Agnostos and Solenopleu1'a. It is true the 
Protolenus Beds have been put by some at the base of the 
Middle, and by others at the top of the Lower Cam brian, 
but that is a matter of classification and does not affect 
the general proposition, since Profolenus is confined to that 
particular horizon, and is distinct from other forms. Again 
the Upper Cambrian fauna is markedly distinct, with its 
Olenus, Ctenopy J?'C, Peltura etc. I t is true that Agnostus 
also occurs in the Upper Cambrian, but it is represented 
by distinct species and is moreover one of the very few 
generic types in common between the two. This genus may 
possibly have been a mernher of the pelagic fauna. 

In the Appalachian Province, the Lower Cambrian i s
characterized primarily by the trilobite Olenellus, best known 
from the Northem Appalachian deposits, but also reported 
from the Shady formation of the Appalachian Mountains in 
Tennessee. Besides this genus, other trilobites of the genera 
.ll1esonacis, Bonnz·a, Kootenia, Neolenus etc. are found. 
Again the Middle Cambrian of this province is quite distinct, 
its characteristic trilobites being of very specialized and 
still littie known genera. There is reason for believing that 
these faunas have a Boreal origin for we find them again 
in the Paleo-Cordilleran geosyncline, where the Lower Cam
brian is characterized by various species of Ollenellus, and 
JVfesonacz's and the Middle by Olenoides types of trilobites 
etc. 

Finally the Lower Cambrian Indo-Cl1inese Ptovince is 
characterized by the trilobite Redlichz"a, wholly distinct from 
the types of the other known provinces. D r. Sun suggested 
that the Blackwelderia and Drepanztra faunas of the higher 
Cambrian may also be of Indian origin. (See map plate I) 
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In my provious communications I have united the Lower 
:and Middle Cambrian in a single pulsation of which the 
Lower was made the transgressive and the Middle the re
gressive phase. But as we have seen, if these divisions 
harmonized with the characters of the normal Pulsation Series 
the fauna of the Middle. Cambrian should bear a relationship 
to that of the Lower, at least generically, the chief modi
fication in the fauna being one of reduction in the number 
.of species and the progressive, not sudden, modification of 
the survivors. This is certainly not the case when we com
pare the Middle Cambrian fauna with the Lower, for in all 
·the provinces, the Middle Cambrian shows a remarkable and 
almost complete fauna} distinctness from the Lower. Nor 
can we assert that there is any marked relationship between 
the two. Moreover, in a regressive series, such as the 
upper half of a pulsation group represents, the beds sl10uld 
have a lesser areal extent than those of the preceding trans
gressive series. Though this is true of the Middle Cambrian 
in some sections, we find the rather remarkable faet, that 
in most sections the Middle Cambrian itself presents a 
transgressive series, and that it frequently over-laps the 
Lower Cambrian. Again, where the Middle Cambrian suc
ceeds the Lower, there is often a marked disconformity be
tween the hvo, such being known in the Appalachian region 
and recognized in East China. That the Middle Cambrian 
frequently over-laps the Lower is a well-known faet. In St. 
John, New Brunswick, the Cambrian begins with the Proto
lenus Bed followed by the Paradoxides Beds. In the classical 
section in Bohemia the Paradoxides Beds alone represent the 
Cambrian, and in many piaces in the Rocky Mountains, the 
Middle Cambrian rests upon the Archæan, or on the Sinian 
Belt Series. 

These facts clearly demoostrate that the Middle Cam-
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brian eannot be inelucled '\vith the Lower as the negative 
phase of a single pulsation, but represents in faet a separate 
and elistinet pulsation of its own. Nor can we refer the 
Lower Cambrian to a single transgressive phase of 'the 
initial pulsation, for where the sections are complete we
find that the upper part of the Lower Cambrian has the 
physical characters of a retreatal series. We are therefore 
constrained to regarcl the olcl Lower Cambrian as represent
ing a single pulsation unit, camparable to the pulsation units 
of later Palæozoic time and therefore entitled to elistinet 
systemic rank. 

We may note several of the Lower Cambrian sections
in the regions of their more complete development. 

APPALACHIAN PROVINCE. 

In the Southern Appalachians of North America, the 
Palæozoic Series begins with the great Chiihowee group of 
continental c!astics, of which the Unicoi sanelstone of Eastern 
Tennessee presents a monotonous succession of: sanelstones 
with basal conglomerates, whose characteristics and thickness 
vary from place to place, the range of the latter being from 
1550 to 8,000 ft. Some · arkosi c material occurs in the 
lower part, but the great mass· of the formation consist of 
.-;;;. ther light-coloured quartzi tes, often showing cross-bedding, 

ancl here and there some micaceous sandstones. In addition 
to the well-rouncled pebbles, there are coarse angular blocks, 

probably derived from local sources. No fossils whatever 

have been · found in this series and i t may in part be re
fei:table to the Sinian, or. i t may represent continental basal 

eds of the Cambrian. 
This series of sanelstones is succeeded by the Hampton 

series. with a minimum thickness of about 1400 feet and a 

maximuro of about 4250. The formation consists pre-
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dominantly of bluish-grey rocks including slates, shales and 
to a lesser degree sandstones, and it also varies in litho. 
logical character and thickness from place to place. Its 
terminal member is known as the Murray shale ar:d from 
beds referred to this division Olenellid trilobites and the 
phyllopod Isoxys chilhoweana Walcott have been collected, 
though it is not absolutely certain that they are referable 
to this horizon. It has been suggested that this shale also 
may be in part of Sinian age. 

This shale is again succeeded by the great Erv.,·in 
quartzi te o r sanelston e, which ranges in thickncss f rom 
several hundred to more than l ,000 ft. This in other sec
tions appears to be represented by the Hes�.e and Antietam 
sanelstone formations. In general this series consist of 
heavy red to white quartzites and sanelstones with roorly 
pre:o.erved trilobite fragments in some sections. 

The next succeeding series is the Shady formation, at 
least l ,000 feet thick and perhaps twice that thickness. 
This is the Calcareous Series and marks the maximum 
transgression of the Lower Cambrian Sea. In some nearer 
shore areas, the limestones are more argillaceous, and shales 
more often occur. In these beds fossils are abundant and 
a succsssion of distinctive zones has been recognized. The 
lowest of these is the Bonnia zone characterized by the 
trilobite of that name. This is followed by the zone of 
Olenellus thompsmzi (Hall) which, besides that species of 
trilobite contains other trilobites as well as large phyllopod 
and roerostome crustaceans, gastropods, cystids, worms trails, 
and algæ. The third zone is characterized by A1/chæocya
thids while the fourth, knO\vn as the Nz'susia zone, is 
characterized by the brachiopod of that name, but also 
ineludes the trilobites Bonnia, Olenellus, Neolenus, etc and 
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other brachiopods of the genera .Kutorgz'na, Paterz'na, Aero
freta and the gastropod Scenella. 

The terminal formation of the Lower Cambrian of this 
section is the Rom·e Series which consists of more than 
1,000 feet of sancistone and shales often brilliantly coloured 
and characterized by suncracks and rippie marks. A few 
impure limey beds are present and here some fossils have 
been found including Olenelloz'd trilobites in the lower part. 
This clearly represents the retreatal phase of the series, 
and it and the succeeding hiatus or emerging phase, mark 
the negative portion of the Eo-Cambrian pulsation. 

In Eastern T ennessee the beds succeeding the Rom e 

formation vary considerably. In general the name Con
asauga shale is applied to the series in the vicinity of the 
Tennessee River. The thickness of this shale varies very 
greatly. Thus while in the Cleveland folio (east of 850 
and north of 350) east of the southern railwayl it ranges 
from 1, 100 to 6,000 ft. West of that railway it ranges 
from 500 to l ,600. 

In the Kingston folio, (west of 84030' and south of 
360) which represents the belt still further west the thick. 
ness has dwindled to between 300 and 500 ft. 

In general, as the Conasauga dwindles, the thickness 
of the Rome increases. As a formation the Conasauga is 
placed in the Upper Cambrian while the great Knox dolom
ite which succeeds it, is placed in the Ozarkian. The 
Conasauga begins with oolitic limestone and it is possible 
that some of these may be referable to the Middle Camb
rian, which is othenvise absent. In the Knoxvilie folio 

I The railway extends from Knoxvilie north-east to Morristown 

before it changes its course through the mountains; and south..:. 

west to Athens and Cleveland. and thence into Georgia. 
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however, ( east of 840 and south of 360) which represents 
the more central helt in the geosyncline, the series which 
succeeds thc Rome (the latter \Vith a maximuro of 950 ft) 
is more varied. Immediately above the red, green, yellow 
and brown shales of the upper Rome, follows the massive 
dark-blue Rutledge limestone from 350-450 feet thick with 
Dolz"chometopus productus at i'ts vase. Above this Jies the 
Rogerville shale 180-220 ft thick, a bright green clay shale 
with a limestone bed. These 2 formations together have 
been referred to the Middle Cambrian which thus has a 
thickness varying from 530-670 ft. Then follows another 
massive dark-bJue limestone 350-550 ft thick and called the 
Maryville limestone which is often referred to the Upper 
Cambrian. The succeeding beds, which separate this series 
from the Knox dolomite is called the Nolichucky shale. It 
is more or less calcareous, with some limestone beds with 
a thickness of 450-550. This is also referred to the Upper 
Cambrian.l 

In Central Alabama2, the Rome or Montevello forma
tian is only partly exposed, but since in the not distant 
Rome quadrangle, it is underlain by the Shady or Beaver 
limestone, it is probable that that formation also occurs in 
the more southwestern region. The exposed portion of the 
Rome is at least 1,000 ft and its thickness may be much 
greater. In this region it consists predominantly of stiff 
greenish shale, yellow flaky shale and red shale, but it in
cludes thin layers of impure limestone, thin cherty layers, 

I R.S. Bassier Index of Ordovician and Silurian Fossils Pt. 2, 

U.S. National Museum Bnll. 92, 19 15. Correlation T a ble Pl. I. 
Butts, Stose and Jonas. Guide 3. 16 th lnt. Geol. Congress. 

2 Geo!. Atlas of U.S. Bessemer-Vandiver folio of Alabama by 

Charles llutts No. 22 1, 1927 Long. 56° 30'-87° W. Lat. 33°.15'-
330-30' N, 
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thin layers of brown rotten. sandstone, which ts normally 
calcareous, thin bands of quartzite and beds of fine-grained 
calcareous sancistone as much as 20 or 30 ft thick. It is 
oocidedly variegated in colour. 

The foliowing fauna has been cllected from this region. 

lvficromz"tra ( Paterina ). major Walcott, Jlficromitra 
( Paterina) wzlliardi Vvalcott, Micromitra ( iphidella) pan
nula vVhite, Obolus smithz" Wa�cott, 1-f/imanella shelbyensis 
Walcott, Olenellus thompsoni Hall, Paedeumias transitans, 
Wanneria halli vValcott, 

The Olenellus has been found up to within 200 ft of 
the top of the formation, and as it is the most distinctive 
index fossil of the Appalachian Lower Cambrian, the age 
of the Rome formation is thus definitely established. Some 
doubt has been expressed about the upper 200 f t and· the 
possibility of their being referable to the Middle Cambrian 
is mentioned by Butts. Where the series is followed by a 
disconformity showing complete emergence, the whole Rome 
formation must be regarded as representing the retreatal phase 
of the Lower Cambrian pulsation.l 

That the hiatus which succeeds the Rome is a reality, 
is shown in the variable character and age of the forma
tions which overlie it. Thus in the Birmingham and Shades 
Valley of Alabama (Northwest part of Bessemer sheet) the 
Rome is followed by the Conasauga Shale of Upper Camb
rian age, while in the Cahaba Valley, 12 miles southeast 
(In reality 3 or 4 times that, if the folds are considered) 
the lower mernhers of the Knox dolomite, that is the Ketona 
dolomite, which in the other sections overlies the Conasauga, 
rests directly on the Rome. 

I In som e sections however, sand y beds with Middle Cambrianfossils 

occur wh ich mark the transgressing portion of that series. 
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About 16 miles SW along the strike in the Cahaba 
Valley (throughout which valley, on the Bessemer and 
Vandiver quadrangles, the Conasauga is absent) it is said 
suddenly to appear on Six Mile Creeck, l O miles SW of 
Montevello, w hil e between i t and the overlying Ketona 
dolomite (her e 2 7 5 f t. thick only) appears the Briarfield 
dolomite with Cryptozoon prolzfa'um, l ,2 50 ft. thick. This 
is the only place where the Briarfield has been observed 
and one eannot but wonder if it is not a higher colomite 
repeated by faulting. 

The Conasauga limestone which di�.conformably ovedies 
the Rome has a thickness of 1,600 to 2,000 ft . in North
eastern Alabama and consists largely of thin-bedded dark-. 
grey, finely crystalline limestone, interbedded with calcareous 
shales, the latter sometimes not exeeeclin g 1/1 O of the 
mass. The fossils obtained f rom i t in the Birmingham. 
Valley indicate an Upper Cambrian age, and its equivalency 
to the Nolichucky shale of the Knoxvilie Tennessee region 
and possibly a part of the Maryville limes tone. Southeas t· 
of the Cahaba coal field however, where some of the so
called Conasauga is preserved (it is absent in the Cahaba 
Valley of the Bessemer-Vandiver and Birmingham quaciraog
les) some Middle Cambrian fos�.ils have been obtained and 
the formation is also equivalent to the Rogersville and 
Rutledge limestone of the Knoxvilie region. 

The Conasauga of the Birmingham Valley however, 
must be regarded as the early transgressing member of the 
Upper Cambrian Lower Ordevieian (Cambrovician) pulsation· 
and while it is probable that some Middle Cambrian was. 
pre�.ent here also, this has been eroded before the Upper 
Cambrian transgression. This indicates that the lVIiddle 
Cambrian represents an independent pulsation, characterized 
by advance and retreat, though apparently in this region 
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the land stood too high for the Mid-Cambrian Sea to 
linger long. 

In eastern Pennsylvanian,l York and Laneaster Counties. 
the Lower Cambrian has been studied in some detail. Al
though the strata are very strongly folded and disturbed, the 
sequence as measured by Dr. Stose and Miss Jonas seems 
to have been well determined. The series begins with the 
Chickies quartzite, which has the Hellam conglomerate mem
ber, of variable thickness, at its base, marking the begin
ning of Cambrian sedimentation in this region. Because of 
the strong folding, a certain amount of metamorphism has 
taken place, but the character of the rock is still recogniz
able. The Hellam conglomerate, about 50 ft. thick, and 
consisting of schistose sandstone with small pebbles of glassy 
quartz, is followed by about 400 ft. of quartzites and 
quartzitic schists. The only organic remains found are the 
worm borings, referred to Scolithus linearis. 

It is followed by the Harpers schist, :1bout 1,500 ft. 
in thickness, which consists of sandy micaceous schists, with 
some harder beds of quartz and thin bedded quartzites. No. 
fossils have been obtained from it. 

The next succeeding member is the Antietam quartzite, 
about 150 ft. thick and consisting of quartzite and quart
zite schist. This in sections further north has furnished 
fragments of Olenellus and shells of Obolella. These in
clicate Lower Cambrian age. 

Then follows the Vintage dolomite, a dark-blue granular 
dolomite, more or less impure and having a thickness of 
approximately 300 ft. In the Laneaster Valley, the forma-

I F. Basearn and G. W. Stose. Coatsville-West Chester folio. 
U.S. Geol. Atlas. No, 223, 1932. Long. 76° W Lat. 40" N. 
Exposures chiefly in the northwestern part of the folio. 
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tion has furnished trilobites, shells and cystid piates of 
Lower Cambrian age. 

The Kinzers formation, which comprises about 150 ft. 
of micaceous limestone, interbedded with calcareous miea
sehist and with the Olenellus fauna, separates the Vintage 
from the Ledger dolomite, which marks the maximum of 
Lower Cambrian transgression in this section. This Ledger 
formation has a thickness of about 600 ft. and is gener
ally pure carbonate rock. No organic remains are pr'eserved, 
because of the rather strongly crystalline characters of the 
rock, but it is still regarded as of Lower Cambrian age. 
The series is succeeded by the Elbrook limestone, with an 
estimated thickness of 500 ft. and in character a fine
grained partly dolomitic m1.rble. It contains no fossils, but 
the typical Elbrook of the Laneaster Valley etc. is referred 
to the Middle Cambrian. The correh1tion of the present 
limestone with it, ho\vever, is based wholly on superposi
tion. This limestone series is followed disconformably by 
the Conestoga Limestone, which in the Laneaster Valley has 
furnished some fossils probably of Chazy age. There is 
thus · evidently a very pronounced hiatus. The Vintage, 
Kinzers and Ledger formations are tentatively correlated by 
Resser with the Shady formation of the generalized section. 
(Loc. cit. p. "747). 

About 2 degrees west, on the same parallels, in the 
Mercersburg-Chambersburg area ( Geol. Atlas U.S. Folio 
170) the Cambrian is represented by the foliowing forma
tions in descending order. 

Super-Formatz'on. Beekmantown and Stonehenge lime
stone of Lower Ordovician age . . . . . 2250-2300 ft. 

Cambrian Series. 
Upper Cambrian. Conococheague 

Limestone 1635 ft. 
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Middle Cambriatz. Elbrook formation 
Lower Cambrian 

3000 ft. 

a Way·nesboro formation 1250 ft. 
2 Tomstown Limestone l 000 ft. 
l An tietam sanelstone ( only partly exposed) 

The Antietam has been tentatively correlated by Res
ser,l with the Erwin quartzite of the generalized Appalachian 
section, as previously given, in which that sanelstone is pre
ceded by the Hampton formation and the Unicoi Series, the 
latter probably, and the Hampton possibly, being referable to 
the Sinian ( Beltian of American usage). 

The T omstown limestone is composed Ia.rgely of lime
s tone, both massive and thin-bedded, in part cherty, with 
some shale interbedded near the base. Among the char
acteristic fossils are Salterella, Kutorg·ina sp. and fragments 
of O!enellus. Apparently this limestone is the equivalent of 
the Vin tage, Kinzers and Ledger limestones and dolomi tes 
farther east and of the Shady formation of the generalized 
section. 

The next succeeding formation, the Waynesboro has a 
thickness of approximately 12 50 f t. and consists of a �eries 
of sanelstones and purply shales, with a very siliceous gray 
limestones at the base and some dark-blue to white sub
crystalline limestones and dolomites in the middle, which 
pass upwards into mottled sanelstones and dark purpie sili
ceous shales at the top. Lingulella sp. had been found at 
the top but is inconclusive as to age. Stose has tentatively 
put the formation into the Midelie Cambrian, of which it 
might represent the transgressive series, but it is more 
likely that it represents the regressive series of the Lower 
formation and so is equivalent to the Rome formation of 

I Bull Geol. Soc. of America. Vol. 44, No. 4, p. 747. 
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the more southerly sections. This is the correlation adopted 
by Butts. 

The overlying Elbrook formation is a very thick series 
3000 ft. more or less of gray to light-blue shaley limestone 
and calca.reous shale. Shaley mernhers appear to predominate 
and even the limestone weathers into shales. Near the 
middle however, are m:-tssive beds o[ dolomite and very 
siliceous or quartzitic limestones that weather into porous 
sandstones. The very few fossils found are fragments of 
trilobites which suggest Middle Cambrian. 

The succeeding Conococheague limestone of Upper 
Cambrian age, is 1635 ft. thick, and begins with a basal 

conglomerate and siliceous beds, indicating a disconformity. 
The typical basal conglomerates consist of rounded limestone 
pebbles one inch or more in size, in a matrix contammg 
numerous coarse grains of vitreous quartz. In addition to 
this there is an "edgewise conglomerate" in which the frag
ments are long and siender limestone fragments, tilted at 
various angles and embedded in a calcareous matrix. This 
type of rock well-known in China as «Wurm-kalk" is due 
to the breaking and giiding of thin limestone beds shortly 
a.fter their formation and before the higher beds are laid 

down i .e. subaqueous solefluction.l I t is thus a contem
poraneous and intra-formational structure. This formation 
represents the transgressive series of the Cambrovician. 

Farther to the northeast in New Jersey the Palæozoic 
begins with the Hardyston quartzite, which lies unconform
ably on, and often in hollows. of, the crystalline rock. It 
varies considerably in composition and in thickness, ranging 
from a few feet to 200 ft. or more. Primarily it is a con
giornerate or quartzitic rock, containing pebbles of quartz, 

I Grabau. Principles of Stratigraphy p. 784. 
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feldspar, granite, gneiss and slate, but it may locally be a 

calcareous sandstone. lt is essentially, though not always, 
an arkose, so pronounced in some Joealities that it is almost 
indistinguishable from a coarse granite. Beds of slate occur 
in the upper part. In the upper c1.lcareous portion, frag
ments of Olenellus suggestive of O. thompsoni have been 
found, indicating its Lower Cambrian age, or else a reworked 
deposit of Lower Cambrian enclosed in the succeeding 
formation. 

The sancistone grades up through strata of arenæeous 
limestone or calcareous sandstones and shales into the Kit
tatinny llmestone, 2700 to 3000 ft. thick, which in turn 
is separated by a disconformity from the over-lying Jack
sonburg limestone of Trenton age. 

Characteristic Upper Cambrian fossils including Dicel
locephalus newtonensis and other trilobites have been found, 
while at the very summit, some remnants of Beekmantown 
beds with Dalmanella wemplii and Isotelus canalis and other 
species have been found. 

Disconformably above this, resting sometimes on the 
Beekmantown and sometimes on the Cambrian portion, is the 
limestone of Trenton age. 

So far as appears here, the series is a continuously 
transgressing one to the Beekmantown, but there can be 
littie doubt that it is not a complete series. No Middle 
Cambrian has been found, although it is generally thought 
to be inelucled in the series. It is more likely however, 
judging from the other sections, that there is a pronounced 
disconformity above the Hardyston quartzite and that the 
Kittatinny represents primarily the transgressive series of 
the Upper Cambrian-Lower Ordovician pulsation (Cambro
vician) of which a littie of the retreatal or Beekmantown 
series remains. Bassier and Ulrich on the other hand, place 
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the entire Kittatinny into the Ozarkian and Canadia:n , and 
in adj oining districts, they �.eparate the Allento\vn limestone 
below as Lower Ozarkian and the Copley limestone above 
as of Canadian or Beekmantown age, holding that there is 
=t considerable hiatus between the two. They also recognize 
a hiatus between the base of the Kittatinny limestone and 
the Hardyston, this covering the Midelie and Upper Cam
brian.l 

In the Lehigh Valley, the Iower portion or A11entown
. 

Limestone, contains Cryptozoon while Lingulella cf. acumi
nata has been found in the upper part. It must be re
membered that the existence of a hiatus in the middle 
portion of the Kittatinny is based on theoretical grounds, 

since Ulrich does not find representations of his intermedi
ate members. This subj ect will be discussed, in a later 
paper. 

The early Palæozoic strata of the Northem Appaiachians 
are very much disturbed and their true order of superposi

tion has only recently been worked out with any degree of 
accuracy. Formerly it was held that all the siat es in th e 
area between the Green Mountains and the great fault line 
east of Lake Champlain were of Lower Cambrian age, and 
presented in general a regular succession, somewhat com
plicated by folds and minor faults. Recently however Keith 
has determined the existence of a series of important over
thrusts from the east para l lel to the great over- th rust at 
Lake Champl ain. These elivide the area into a series of 
north-south strips, which over-ride one another, grea tly de
creasing the original width. In age these hecls are now 
known to ra nge f rom the Lower Cambrian to the Lower 

I Ulrich. Revision, p. 644. Bassler, Correlatlon table. Bdl. U.S. 

National Museum 92, Pl. l. 
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Ordovician. The succession as now recognized east of the 
Champlain fault is shown in the table.l . The chief anom
alous features of this section is a series of:, disconfortmities 
or even unconformities, of which those between the Lower 
and Middle Cambrian and between the Middle and Upper, 
are quite in harmony with the theory of 3 distinct pulsa
tions but the disconformity reported in the Lower Cam
brian and the slight unconformity, not much more than a 

disconformity, between the Upper Cambrian and the Lower 
Ordovician present anomalous features, which do not ap
pear to harmonize with the conception here discussed, and 
which therefore need careful consideration and explanation. 
This is especially the case with the Cambro-Ordovician 
break. According to Longwell, the Lower Ordovician 
"starts with a remarkably coarse conglomerate, laid uncon
formably across various Cambrian formations. Although 
n o sharp pre-Ordovician folds a re recognized, considerable 
warping and erosion must have occurred in late Cambrian 
time to produce the striking unconformity with the Lower 
Ordovician and to make possible the large assortment of 
rock types in the basal conglomerate. In contrast with 
the limestone in the west the Lower Ordovician strata in 
the Middle belt consist entirely of clastic sediment." We 
will return to the discussion of this feature in a later 
paper. 

I Chester R. Longwell. Eastern New York and Western New 

England. Guide Book l, 16th International Geol. Congress p. 

64, et seq. 
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Tabia of tha Succession of the 

Lower Palæozolc in tha Slate belt of nortb-western 

Varmoni 

Lower Ordovicz"an. Feet Meters 
Maximum thickness 3,500 f t. 1,067 

Conglomerate O to 30 O to 9 

Mild unconformity or disconformity 
Upper Cambrian 

Highgate Slate o to 300 o to 91 
Mar ble (horizon uncertain) o to 400 o to 122 
Dolomite with abundant intra-

formational breccia Joeally o to 500? o to 52? 
Mill River Conglomerate o to 15 o to 5 

Disconformity 
Middle Cambrian. 

St. Albans Slate of Iocal de-
vel op ment O to 200 O to 61 

Disconform i ty 
Lower Cambrian 

Milton Dolomi te 30 to 250 9 to 76 
Colchester Slate with lime-

stone reefs o to 200 o to 61 

Disconformity (?) 
Mallett Dolomite. Very sandy 50 to 800 15 to 284 
Winoosky Red dolomite 

(marble) 250 76 
Vermont Quartzite (base not 

exposed) 300 91 

The basal Cambrian quartzite is more commonly a 

sancistone and is the Red Sand Rock of the earlier writers. 
lts colour is chiet1y red, but contains white and variously 
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coloured beds. Near the top dolomite beds appear, the 
series grading into the overlying formation. In the sanci
stone ripple-marks, mud-cracks and other structures inelicating 
continental origin are common. Farther east where it rests 
unconformably on the crystalline rocks, the quartzite has a 
maximum thickness of about 800 feet. It is possible that 
the greater part of the series is of sub-aerial origin like 
the sanels of the Yellow River Phin. This 1s also sug
gested by the red colour. 

The calcareous beds near the top mark the encroach
m.ent of the sea, and here LoWer Cambrian trilobites have 
been found. 

The sueeecding dolomites are compact fine-grained and 
dominantly pink and mottled in the lower part. Here are 
also found intra-formational breccias while the bedding planes 
are wavy and irregular. These beds contain Salterella 
pulchella, Nisusia .festinata, and Ptychoparia adamsi, all 
characteristic of the Lower Cambrian of this province. Upward 
the dolomites become thicker bedeled and contain consider
able amounts of sand, with several beds of quartzitic sand
stones. At the base of the gray dolomi te, are several beds 
of quartzitic sanelstone and rounded grains of glassy quartz, 
apparently of eolian origin are scattered throughout it. In 
addition there is considerable intraformational conglom.erate 
with pebbles of sandstone. Quartz geodes and veinlets of 
quartz are also comm.on. The fossils obtained from this 
higher dolomite are Patcrz"na swantonmsz·s, Salterella pul
clulla, HyoHthellas micans, Ptychoparia adamsi, and Olmel
lus thcmpsoni. 

A pparently n o pos i ti ve structural evidence of a break 
between this clolomite and the over-lying siates is recognized 
other than the sandy character of the beds near the 
contact, and the very variable thickness shown by both of 
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them.l Normally the slate is fine-grained, but there are 
numerous large limestone len ses, as much as l 00 ft. ( 30 
meters) in length. The fauna recorded f rom these beds also 
appears anomalous suggesting a mixture of Lower and Middle 
Cambrian fossils. The list is as follows. 

l. Kutorgina cingulata (Billings) 
2. Nz "susia festz"nata (Billings) 
3. Swantonia antiquata Vv' alcott 
4. liiicrodiscus parkeri Walcott 
5. Mesonacis vermonta11a (Hall) 
6. Olenellus thompsoni (Hall) 
7. Olenellus thompsoni var crassz"ma1'"ginatus Walcott 
8. Olenoides marcoui Whitfield 
lJ. Paedeumz"as transz "ta1zs Walcott 

10. Bathynotus holopyga Hall 
11. Ptychoparia 

·
adamsi (Billings) 

12. Pt. vulcanus (Billings) 
l :3. Protypus hz"tchcocki Whitfield 
14. Protocarz·s marshi Walcott 

No. 8 of this series, Olmoides marcouz IS a surpris
ing element of this fauna, since this genus is most charac
teristic of the Middle Cambrian division, as are the other 
related genera with large spinose pygidia. The presence 
however of Olenellus thompsoni and probably also Mesonacis 
-;,_•ermontana indicate typical Lower Cambrian. Either then, 
we must consider that forms of the type of Olenoz.des 
marcoui range from the Lower to the Middle Cambrian, or 
else that the occurrence of this form in the siates of the 
Parker quarry, indicates the existence there of fault blocks 
of Middle Cambrian age. It might also be questioned 

I- Resser does not recognize a break in h is correlation tab le. Guide· 
Book 29, XVI Int. Geol. Congr. Pl. l. 
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whether this slate series may not actually represent Middle 
Cambrian beds, in which are inelucled masses of Lower 
Cambrian limestones and slates. This problem must for the 
present remain unsolved. 

The succeeding dolomite is partly sandy and conglo
meritic in its basal portion, thick-bedded in the lower and 
thin-bedded in the upper part. Its exact age is not known 
as no fossils have been obtained. 

The next higher slate bed, which ranges in thickness 
from O to 2GO ft. is recognized as of lVliddle Cambrian age, 
its gnide fo3sils being the trilobites Centrop!eztral and Elix. 
In its absence the Upper Cambrian Iies directly on the preced
ing bed unless it too is absent. When present there is a 

basal conglomerate, containing huge masses and angular slabs 
of limestones and dolomites, derived from the underlying 
beds 

The presence in a younger formation of huge masses 
of an older rock-mass of such dimension, and in such pos
itions as to suggest stratigraphic continuity, is not unknown, 
and is especially marked in regions where the newer rock 
is built against an erosion cliff of the older. It might be 
profitable to examine the limestone masses in the slate beds 
with this idea in mind. lf this series can be referred to 
the Middle Cambrian \vith inelusions of Lower Cambrian, 
the disconformity between it and the sandy grey dolomite 
is accounted for. 

At Bic, in Quebec, pebbles in a conglomerate of 
Upper Cambrian age have furnished Callavia bicensz·s W, 
Micromitra nisus W. and Botsjordz·a cælata W. 

The northeastern-most portion of the Appalachian geo
syncline as exposed on the American continent is shown in 

I Formerly identified as Paradoxides cf. harla11i 
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the western part of Newfoundland and the eastern border 
of Labrador, . that is, on opposite sides of the Straits of 
Belle lsle, and southwarcl in Newfoundland on the Gulf of 
St. Lav.-rence. These sections were measureel in great 
detail by Logan in 1 861 and a.gain in 18 62. l 

At Bonne Bay, near the center of the west coast of 
Newfoundland, the Cambrian rests clirectly on the old 
Laurentian gneiss. The basal beds are concealecl for 
about 230 ft. and these may correspond to the red and 
grey sanelstones of L' Anse au Loupe f urther north. Siates 
and quartzites continue up to 605 ft. above the base, 
these constituting elivision A. Theo light-grey limestones 
in beds from l to 3 inches, interstratifiecl with blackish� 
blue slightly calcareous shales f ollow, these containing 
Mesonacis vermontana and othcr trilobites. There are 80 
feet of these lirr.estones and they are followed by arena
ceous shales, granular quartzites totalling 376 ft. , and 
finally by 27 ft. of grey arenaceous clolomite, with red
dish quartzite and arenaceous shale, especially towards the 
top. In these beds, Paterina labradorica, llfesonacis ver
montana and other trilobites and Salterella are found. 
This and the prececling constitute division B, with a total 
thickness of 483 ft. In the Anse au Loupe limestone of 
L' Anse au Loupe Labrador, Straits of Belle Isle, beds 
probably of this horizon, with Olenellus Iogani and Pædeu
mz"as transitans have been found. 

Division C begins with a quartzite series interbedcled 
with shales in the bottom, clolomites in the midclle, and 
shales near the top the whole having a thickness of 400 
ft. This is followecl by limestones, with Mesonads ver

montana, Salterella etc. 20 ft. thick, with a thick bed 

I Geology of Canada p. 865 



28 A. W. GRABAU 

composed almost equaily of limestones and shales near the 
middle, the whole with a thickness of 82 ft. Dolomites, 
shales and limestones follow, bringing the whole thickness 
of the division up to 623 ft. , all of which apparently be
long to the Lower Cambrian, that series thus having a 

thickness of 1711 ft. Three hundred feet more of quart
zites, limestones and dolomites foiiow, though fuily Ih of 
the series is concealed. The age of these beds is undeter
mined for lack of fossils. lt may be Middle or Upper 
Cambrian or belong even to the Lower Ordovician. Higher 
Ordovician beds follow. 

East Green!and:l Lower Cambrian rocks are now 
known to be inelucled In the beds deseribed by Nathorst 
in lBO l, and by Koch in 1929. Koch was the first to 
collect the Cambrian fossil. The area li es on the horders 
of Lyell and Andree Land, and on Ymer and Ella Islands, 
the most important Joealities being on Geology Fjord. 
(approximately Langitude 20Ll-250W. , Latitude 710-740 N. 
The formations occur in a series of apparently very re
gular anticlines and synelines with a general north-south 
strike and a moderate amount of faulting. They were 
divided by Poulsen in 1929 as follows.� (In descending 
order. 

Lowe1� Ordovicz"an (Middle Ordovician of usual 
classification) 

Narwhale Sotmel Formation 

I Chr. Poulsen. The Lower Cambrian faunas of East Green

land. Meddelelser om Gronland. Udgivne af Kommissionen for 

Videnskabelige Undersogelser I Gronland. Copenhagen 1932. 

2 Poulsen, Chr. Meddelelser om Granland Vol. 74, 1930, pp. 306-
309. 
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Upper Canadz.an (Lower Ordovician.) 
Cape Weber Formation 

Upper Ozarkz"an (Lower Ordovician?) 
Cass Fjord Formation 

Upper Cambrz"an? (Possibly Midelie Cambrian) 
Dolomite Formation 
Hyolithes Creek formation 

Dz"sconformz"ty atzd hz.atus. 

LOUJer C ambrz"a?Z 
Ella Island formation 
Bastion formation 
Spiral Creek formation 
Tillite Canyon formation 

Disconfm-mity 

Pre-Cambrz"an (Sinian?) 
Cape Oswald formation 
Eleonore Bay Formation 

29 

In some sections the series is unconformably overlain 
by the Old Red Sandstones, referred to the Devonian. 
The Lower Cambrian fossils were obtained f rom the Bas
tion and Ella Island formations. The fossils of the Bas
tion formation are confined to a series of glauconitiferous 
shales in the uppermost part and are usually very poorly 
preserved . In Hyolithes Creek, these glauconite shales 
conta in thin limestone beds and concretions from which 
the majority of the fossils of this division have been 
obtained. They comprise the f oHowing species. 

Brackiopoda 
Lingulepis prisca Poulsen 
Obolella congesta Poulsen 
Botsfordia cælata (Ha1l) 
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Pelecypoda 
Fordilla troyensis Barrande 

Gastropoda 
Discinella micans (Billings) 
Heleionella cingulata Cobbold? 
Helenia bella Walcott 
Hyoli thellus micans Billings 
Orthotheca bayonet Matth. var groenlandica Pouls. 
Orth.- bayonet var. longa Pouls. 
Orth.- communis (Bill.) 
Orth.- cfr. fistula (Hall) 
Hyolithes arnericanus Bill. 
H. billingsi Walcott 
H. similis Walcott? 
H. mutatus Poulsen 
Hyolithes sp. 

Trilobita 
Olenellus sp. 
Mesonacidæ indet. 

Ostracoda 
Bradoria sp. 
The Ella Island formation consists of re!atively thin 

beds of more of less pure gray limestones. Some of them 
are developed as intra-formational conglomerates with very 
small pebbles of dark-gray limestone. These beds alternate 
with thin layers of gray very fine-grained calcareous sand
stones which are beautifully cross-bedded, the whole repre
senting near shore or emergent conditions. This phase 
evidently belonged to the retreatal portion of the Lower 
Cambrian pulsation. Fossils are confined to the limestones 
and are fragmentary and frequently worn, and so further 
support the idea of an emergent series. The fossils found 
in thi:; formation are the following. 
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Rhizopoda 
Lagena sp. 

ArchæoC)'athida 
Spirocyathus cfr. atlanticus (Billings) 

Vermes? 
Scolithus l inearis Haldernan 

Brachz"opoda 
Paterina mediocris Pouls. 
Kutorgina reticulata Pouls. 
Billingsella? 

Pe!ec;poda 
( Gen. & sp. ind et ) 

Gastropoda 
Discinella micans (Billings) 
D. brastadi Pouls. 
Hyoli thellus micans Bill. 

Cephalopoda 
Salterella rugosa Bill. 

Trzlobita 
Olenellus simplex Pouls. 
0. ( ? ) curvicomis Pouls. 
Olenellus? sp. l. 
Olenellus? sp. 2. 
Wanneria nathorsti Pouls. 
Wanneria ellæ Pouls. 
Pædeumias hanseni Pouls. 
Pædeumias tricarinatus Pouls. 
Mesonacidæ indet. 
Proliostracus strenuelliformis Pouls. 
Proliostracus rosenkrantzi Pouls. 
Proliostracus liostracoides Pouls. 
Proliostracus noe-nygaardi Pouls. 

31 



32 A. W. GRABAU 

Bonnia groenlandica Pouls. 
Corynexochus sp. indet. 
Though to a large extent represented by new species 

8 of the 33 specifically identified forms from the two 
formations, or 24.3 per cent, occur in the Appalachian 
geosyneline farther south and three or 9 .l per cent, in the 
north Scottish extension of the geosyneline. Seven on the 
other han d, ha ve al so been reported f rom beds o f the 
Caledonian geosyneline, but these are all Hyolithids, with 
the exception of the rather doubtful Fordz'lla troymsis re
ported from Sweden, Disdnella brastadi of Mj6sen; Bots
fordia caelata, from the same section, and the ubiquitous 
Scolithus linearz·s. Taking however, the general character 
of the fauna, especialJy the occurrence of Olenellus, Paedeu
mias and 11lanneria, the elose association of these deposits 
with the Appalachian geosyneline farther south is apparent. 
Wa?Znerz·a has also been reported in association with Callavia 
at Comley in England, but is more characteristic of the 
other geosynclines. 

In north-western Greenland, Lower Cambrian fossils 
have been found, south of Humboldt glacier on Kane Basin.l 
Here the strata are nearly horizontal. The lowest formation 
is the Wulff River formation, from 20 to 40 meters in 
thickness and known only from Inglefield land, on both 
sides of Wulff River, approximately Longitude 680 W. 
Latitude 790 N. lt lies disconformably, on 80 or more 
meters, of Sinian Rocks, consisting in descending order of 
dolomites, white sanelstones and red sandstones, these in turn 
resting unconformably upon the old syenite. The Wulff 

1 Chr. Poulsen. The Cambrian, Ozarkian and Canadian faunas of 
northwest Greenland, Jubilæumsekspedhionen Nord om Gronland. 
1920-23, No. 2, Kopenhagen 1927, pp. 237-343 with 8 piate s  and 
map and sect ions. 
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River formation, consists of from 20-40 meters of green 
glauconitic sancistone alternating with more or less coarse 
conglomerate and in some piaces thin limestone beds. 

The conglomerates contain numerous pebbles of dia
base, pebl::les of pure quartz, and small pebbles of dark brown 
sandstone, which contain fossils of an older formation. The 
fossils of the Wulff River formation, are mainly in the 
limestone. The foliowing have been recorded. 

BRACHIOPODA 
Paterina lata Poulsen 
Obolus? sp. 
Bostsfordia cae!ata (Hall) 
Acrothele-9 pulchra Poulsen 

CEPHALOPODA 
Salterella expa;zsa Poulsen 
Sa!te1"ella sp. 

TRILOBI'l'A 
Callavia breviloba Poulsen 
Olenellus areficus Poulsen 
Olenellus? sp. 
Strenuella gronlandica Poulsen. 

This fauna is correlated by Poulsen with both the Bas
·tion and Ella Island formations of East Greenland. 

The Cape Kent fonnation rests upon the Wulff River, 
with perhaps a small hiatus, and is disconf ormably succeeded 
by the Middle Cambrian Cape Wood formation, which begins 
with a conglomerate. The Cape Kent formation consists of 
from l 0<>,0 meters of yellowish white, almost pure oolitic 
limestone. The fauna is composed exclusively of pteropods 
and trilobites, with the following 26 species determined. 

P'l'EROPODS 
Hyolithes billz"ngsi Walcott. 
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T RILOBI'l'A 

Olenellus ( sensu latu) grihzlandicus Poulsen. 
" " kentensis Poulsen 

, , , , sp. ind. ( two or three species} 
Dolichometopsis resseri Poulsen 

" septentrionalz"s Poulsen 
, , minut a Poulsen 

Kochz.ella tuberculata Poulsen 
, , propz·nqua Poulsen 
, , arcana Poulsen 

" graczlis Poulsen 
Inglejieldia porosa Poulsen 

" planilimbata Poulsen 

" groenlandica Poulsen 
., thia (Walcott) 
" inconspicua Poulsen 

" af(z"nis Poulsen 

" discreta Poulsen 
Chanda venulosa Poulsen 
Solenopleura gronwa!li Poulsen 

" 
" 
" 

similis Poulsen 
bullata Poulsen 
borealis Poulsen 

Crepz·cepha!us cfr. cecinna Walcott . 

The genus Kochie!la Poulsen and the closely related 
genus Inglefieldia Poulsen connect this fauna with the Mount 
Whyte formation of British Columbia and Alberta and show 
that these types are of Boreal origin. The Cape Kent forma
tion is higher than any exposed in east Greenland. lt is 
correlated by Poulsen with the Protalenus fauna of the 
Atlantic-Caledonian province, but that is probably erroneous,. 
for in spit'? of the presence of Dolychometopsz·s Poulson a 

relative of Polz"ella, this fauna is probably still to be classed 
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as Lower Cambrian, whereas the Protelenus is referable to 
the Middle Cambrian. 

The location of these deposits in northwest Green
land suggests that they lie within the connecting belt of 
the Boreal sea benveen the A ppalachian and the Palæo
Cordilleran geosynclines. 

The North Scottish Section. The last of the sections 
of the Appalachian geosyneline is that shown on the north
west shore of Scotland, where, the beds are exposed in 
the Durness region, in Loch Eriboll, and Loch Maree, and 
elsewhere. The T orridon sancistone of Sinian age, usually 
underlies the Cambrian rocks at a slightly different angle, 
there being thus a minor unconformity benveen the Sinian 
and the Cambrian. In some sections, the latter may rest 
directly upon the Lewisian gneiss. The section in descend-
ing order is as follows, according to Peach and Horne.t 

Durness Limestone Serz"es 1500 ft. 

VIL Durine Group 
VI. Croisaphuill Group ( Croispol Group) 

V. Balnakiel Group 
IV. Sangorrtore Group 
III. Sailmhor Group 

II. Eilene Dubh Group 
I. Ghrudaidh Group ( Grudie Group) 

Eribolt Quartzite Series 
Serpulite grit 
Fucoid Shale 
Pipe Rock 
Basal sancistone and conglomerate 

30 ft. 
40-50 ft. 

300 ft. 
200 ft. 

-1 B. Peach and G. Horne, the Geological structure of the north

west Highlands of Scotland 1907. 
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U ncon.formz"ty 

Sub-.forma#on: Lewisian gneiss or Torricion Sandstone 

The pipe-rock is so called because it is traversed by 
numerous vertical tubes or pipes, which appear to be ancient 
worm borings. In the Fucoid Shale, Paterinez labradorica 
and other fossils characteristic of the Lower Cambrian of 
the Appalachian are found. 

The Serpulite grit contains Salterella maccullochz" 
( Salter) , Olenellus lajwodhi. Peach, Olene/lus.� gz''gas 
Peach, Olenellus reticulatus Peach and Olenel!oz"des armatus 

Peach. 

The Ghrudaidh limestone which succeeds, contains 3 
species of Salterella. S. maccullochi (Salter) , S. pulehel/a 

Billings and S. rugosa Billings. Thesc Salterella still in
dicate Lower Cambrian age and are distributed in 2 bands, 
one at the base and one about 00 ft. above it. The 
upper part is mottled dolomite. 

The sueeecding Eilene Dubh Group consists of fine
grained \vhite flaggy limestone. No fossils have been 
obtained from it except so called worm casts, but intra
formational conglomerates are frequent. "Within the Eilene 
Dubh gruup , there is a disconformity marked by a bed of 
conglomerate \vith worn pebbles of limestone, generally less 
than an inch in diameter, the bed varying in thickness from 
an inch to a foot. The underlying bed is slightly irregular, 
showing an erosion surface. lt is exposed at Jow tide on 
Eilene Dubh (Black Island) and can be traced along the 
low neck and for some distance along the Kyle of Dur
ness.l 

1 A.W. Grabau, Bull. of Geol. Soc of America, Vol. 27, pp. 562-
563. 1916. 
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Another irregular contact is found about 12 5 f t. higher 
along the Kyle of Durness. Here thc dolomite shows an 
irregular solution surface, with a covering of horizontally 
bedded calcilutytes. No fossils have been recorded from the 
higher Eilene Dubh Series, but from the sueeecding Sailmhor 
Group, typical Lower Beekmantown fossils have been ob
tained. Here it is evident that the Lower Beekmantown 
or possibly some Iate Upper Cambrian rests directJy and 
disconformably on the Lower Camhrian, as appears to bc 
the case in the west Newfoundland region. This will be 
more fully considered later. 

In Loch Maree, in the Northwest Highlands, the Ser
pulite gr it, shows the f oHowing divisions in descending 
order.l 

SimPULI'l'E GmT. 

7) Blue clay and sandy shale, full 
o f small vertical worm casts, wi th 
fragments of Olenellus gigas and 
Oleml!us lapworthi. . . . 18 ft. O inch 

6) S hale wi th well preserved bra-
chiopods Acrothele subsidua. O 9 

5) Dark flaggy or platy shale, with 
fragments of Olenellus at the 
base. . . . . 2 10 

4) Yellow ferruginous dolomitic 
band, with conchoidal f racture . O 7 

3) Pisolitic iron stone, with remains 
of tril()bites and echinoderms. O 2 

1 B. N. Peach and J. Horne. Chapters on the geology of Scot

land. Oxford University Press. 1930. 
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2)  Hard ferruginous dolomitic band, 
the hottom film crowded with 
carapaces of Olenellus. . . . . O 3 � 

l) Soft-jointed cleaved clay shale, 
the top-most seam yields occas
ional complete specimens of 
Olenellus and fine examples of 
Olene/loides armatus. The low
cst 2 inches are crowded with 
disjointed and broken segments 
o f Olenellus. Thi s band is term-
ed the Olenellus shale. . . . . O ft. l J inches 

Summary of the Lower Cambrian 

o f 
the Appalachian Geosyneline 

From Alabama northeastward to western Newfoundland 
and Labrador, E. Greenland and North Scotland, thc Lower 
Cambrian is well developed and contains a fauna which is an 
essential unit in which Olenellus is the leading trilobite, while 
Kutor gina, Paterina etc. are leading brachiopods and Salter
.ella the pelagic mollusk. In all sections, where the sequencc 
is well asccrtained, the series begins with sandstones, often 
of continental type (and possibly of Sinian age), and shows 
its maximuro in calcareous development of greater or less 
thickness. A retreatal series is very generally shown by 
s�cceeding sandstones, of which the Rome is typical, which 
in some cases marks actual emergence. Such actual 
emergence is also shown by the disconformity which separ-
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.ates the Lower Cambrian from the sueeecding beds. These 
m somc sections are Middle Cambrian, in others Upper 
Cambrian and in still others Lower Ordovician. Frequently 
also erosion has affected the beds of the Lower Cambrian, 
so that some of the emergent members may be entirely 
removed. No case is positivcly known where the Lower 
and Middle Cambrian show continued deposition, though in 
Vermont Olenoides, a form suggestive of Middle Cambrian 
affinities, has been reported in association with Olene!!?ts. 

In this section, however evidence of emergence at the 
end of the Lowcr Cambrian is also seen. Thus so far as 
the Appalachian Province is concerned the Lower Cam
brian represents a complete pulsation and shows a distinc
tive fauna, the origin of which is probably chiefly a Boreal 
one. 

THE PALAEO-CORDILLERAN GEOSYNCLINE 

This ancient and long continued geosyneline near the 
western border of North America, was already very pro
minent in Sinian time, for it is here that some of the 
thickest beds of the Sinian Series, i.e. the Belt terrane 
(30,000 ft. thick) the Uinta quartzite (1-!,000 ft.) and the 
Grand Canyon series (12,000 ft. plus) were deposited. It 
is here also that we find the greatest development of the 
Cambrian strata, but the remarkable faet must be noted, 
that the Middle Cambrian is far more extensively developed 
here than the Lower Cambrian, which is the reverse of 
that seen in the Appalachian geosyncline, where the Lower 
Cambrian is well developed and the Middle scarcely at all. 
It is because of this that Res ser has chosen the Appala
chian section to represent the standard of the Lower Cam
brian and the Rocky Mountains as furnishing the type 
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for the Middle Cambrian,l this series here reaching a 

thickness of 6,000 ft. or over. It is true that in many 
sections the Lower Cambrian is enormously developed as 
to thickness, this reaching 4,000 ft. or more, but the 
great mass of this consists of clastic material, mostly sanci
stones representing either subaerial or shallow water depos
its. The Middle Cambrian on the other hand is very 
largely developed in calcareous facies. 

In a general way the Palæocordilleran geosyneline ex
tended over the region of the present Canadian Rockies, 
where the area of sedimentation had an original width of 
l 00 miles or more. This however, inelucled the geosyneline 
and the area of the marginal plain, covered by these sedi
ments. Southward we may trace the course of this ancient 
geosyneline through the Great Basin region of Utah and 
Nevada, with the Was;ctch Mountains forming the region 
of the marginal plain, and thc Sierra Nevada, that of the Old 
Land, the distance bct:ween the two being some so of Iong
itude or approximately 400 miles. Since these strata have 
been more or less intensively folded the width was originally 
vastly greater. How much of this belonged to the actual 
geosyneline and how much to the broadly flooded marginal 
plain, eannot now be determined with any degree of cer
tainty. As may be seen from the new geological map of 
the United States, Cambrian strata are well developed in 
South-westem Nevada and the adjoining portion of California, 
as far south of the Mohave desert. Eastward they appear 
at intervals in the Basin Ranges of southem and eastern 
Nevada and western Utah to the Wasatch Mountains, near 
Salt Lake City, and northward beyond the State line. 

i I have elsewhere proposed the group name Albertau for this 

series. 
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Wi thin thi s portion of the geosyncline, the Palæozoic 
strata were apparently foleled at the end of that era with 
the accomr-anying migration of the geosyncline. Such fold
ing apparently did not occur to any marked degree in the 
northern or Canadian region where the Mesozoic of the 
Cascade River region rest concordantly though disconform
ably on the late Palæozoic.l Here the folding apparently 
all belongs to the late Cretaceous or Rocky Mountain 
period and hence there are no actual unconformities re
cognized between the several formations involved. Resser 
(1933 page 742) calls attention to the distinctness in 
character betwcen the nortl1ern and the southern region, 
considering that the region north of the Beltian area of 
Montana and Southern Canada, represents deposi.ts in 
geosynclinal troughs and today occur as great mountain 
ranges, "On the other hand, south of Montana ( except in 
the Great Basin) the Cambrian deposits fringe Archæan 
areas, which were first low monadnocks, that maintained 
their relative elevation, finally becoming the cores of the 
present ranges." There is, in his opinion, no essential 
difference between the deposition of the Cambrian and of 
the later beds which also were deposited between the same 
positive elements of the Archæan basement. Here, during 
the Rocky Mountain movement, the Palæozoic strata wt:;re 
ti lted rather than folded. 

While this is true for the Rocky Mountains proper, it 
is othenvise, as he implies, for the Great Basin, where the 
folding of the Palæozoic, preceded the deposition of the 
Iater beds. This would imply that the northern region was. 

I P. E. Raymond and Braciford Willard. A Structure Section 

across the Canadian Rockies. Journal of Geology Vol. 39, No .. 
2, p. 102. 
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not in volved in the old Palæo-cordilleran geosyncline, or the 
Palæo-cordilleran geosyneline of this region was roerged with
out disturbance of the strata into the Cordilleran of Meso
zoic and later time. �ven during the later folding, most 
of the region east of the Columbia River was only moder
ately disturbed, except by thrust f aults. In consequence 
the outcrops of the Cambrian strata, at least in most of 
this region, are either gently tilted or still almost horizon
tal, thus f orm i n g a sharp contrast wi th the Cambrian strata 
of the Appalachian geosyncline, which are often intensely 
folded. We will con:;ider first the lower Cambrian strata 
of the northern region. 

In general, the succession is as follows in descending 
order. 

Superformation-Middle Cambrian Ptarmigan formation. 

Discon formit y 

Lower Cambrian. 
Mount Whyte formation. chiefly limestones. 
Saint Piran formation, mostly sandstones and quartzites 
Lake Louise S hale. 
Fort Mountain quartzite 

Disconformity 

Slnzan Series. 
Hector Shale 
Coral Creek quartzi te 

The Fort Mountain 11uartzite varies very greatly in 
thickness, but is generally a massive-bedded compact gray 
quartzite with a basal conglomerate, which may reach a 

thickness of 50 ft. or more. 
In the Mount Assiniboine region, it has a thickness 

of 526 ft. In the Lake Louise section, where the base is 
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not exposed, i t is l 000 ft. or more, 940 ft. being shown 
on the north face of Fairview Mountain above Lake Louise. 
The colour locally becomes purplish, but is largely gray, 
rather coarse-grained below, and finer grained at the top, 
where some slight eross-bedding has been reported. A 
small amount of shale also occurs in it. No fossils have 
been reported from any of the sections, and the formation 
seems to be largely if not wholly of continental origin. 

The Lake Louise shale which succeeds it is never a 

very thick formation. In the type region of Lake Louise, 
it has a thi ckness of l 05 ft. or 32 meters and consists 
of hard grey siliceous shale, with the foliowing fauna. 
Micromitra ( Iphidea ) Iouise Walcott 
Cruziana. 
Annelid trails. 

The last two stamp it as a very shallow water for
mation with occasional emergence. In the Mount Assini
boirre section it is only 70 ft. thick, and is also a dark 
siliceous shale. In the famous Mount Bosworth section , 
the Lake Louise shale is either absent or not exposed, 
while in the Ptarmigan Peak section it is 28 ft. thick and 
contains Cruziana and Planolz"thes. 

The Lake Louise Shale is succeeded by another great 
sancistone formation the St. Piran quartzite. In the LakeLouise 
section, where this quartzite rests upon 105 ft. of that 
shale it has a thickness of 2, 632 ft. or 802.2 meters. At 
the base there are some shaley interbeddings, after which 
there are some 550 ft. of sands and gray and purplish 
quartzites, the upper with Scolithus borings. Then follow 
fossiliferous sancistones and shales, with Scolithus sp., Or
thotheca sp, Mes01zacis gilberti (Meek) and Olenellus cana

densz"s Walcott. The upper two thirds of the series consists of 
gray quartzites alternating with thin beds of siliceous shale. 
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In the Mount Assinibeine region, it has a thickness of 
only 125 ft, with fragments of Olenelbis in the lower 
part. In the Ptarmigan Peak section, the thickness is 785 
ft. and here in the thin-bedded light grey quartzite, which 
forms the lower 3rd, Scolithus occurs in immense numbers, 
and in many layers varying from 2 inches to 2 ft. in 
thickness. Sarnewhat higher Mesonasz's gz'lbertz' is found 
and the remaining two-thirds of the section consist of 
quartzitic sandstone, which near the top become cross
bedded. 

In Mount Bosworth 503 ft. of the St. Piran is ex
posed, and here fragments o f Olenellus canadensx's .'! are 
found in the basal portion together with Hyolz'thes and 
annelid trails and Scolz'thus. In the sancistones succeeding,. 
to within 68 ft. of the top, these same fossils are found 
with the addition of 2 species of Ptychoparz'a. The upper 
68 ft. are made up of alternating shales and sancistones 
apparently without fossils. 

In Vermilion Pass, on the Continental Divide between 
British Columbia and Alberta, the St. Piran has a thickness, 
of 2,300 ft. lt rests on the Lake Louise Shale and is fol
lowed by the Mt. Whyte. lt contains Wannerz'a? gracz'le Hall, 
Obolella vermz'lione1zsz's W. and Orthotheca adamsz' W. 

As seen from these sections, the fauna of the St. 
Piran formation is a typical Lower Cambrian one, but with 
few species. The trilobites are represented only by Olenel
lus canadenst's Walcott, !V/es onacis gz"lbertz' (Meek ). and 
Wannen'a grad/e Hall, together with undetermined species 
of Ptychoparz'a. The pelagic pteropods are represented by 
Orthotheca and Hyolz'thes, while the worm boring ( Scolz'thus) 
occurs in many strata. Brachiopods are rare, but Obolella 
has been recorded. 
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The Mount Whyte rormation 

I. Mount Ass·iniboine Section (Walcott, V. p. 2971) 
The St. Piran is the last of the quartzites, the suc
ceeding Mount Whyte formation being a calcareous one. 
The greatest development of this formation appears to be 
in the lJ,foztnt Assz·m·boine section, where it begins with 
nearly 200 ft. of grey to black siliceous shale, followed by 
300 ft. or more of calcareo-arenaceous green shales, in 
which the only fossil observed is the cystoid Gogz·a prolzfica 
of the family Arz"stoeystz"dæ. More siliceous shales follow, 
but near the top the series becomes calcareous, terminating 
in a 23 ft. bed of oolitic limestonc, with a rich fauna, com
posed of the following species. ( 62 w.) 

Archæocyathz"dæ. 
l . Archæocyathus atreus Walcott 

Brachz"opoda 
2. Kutorgina cf. cingulata (Billings) 
3. Paterina labradorica (Billings) 
4. Jamesella lowi Walcott 
5. Acrotreta sagittalis taconica Walcott 

Gastropoda etc. 
6. Heleionella elongata Walcott. 
7. Sceneila varians Walcott. 
8. Hyolithes billingsi Walcott 

Trz"lobua 
9. 

1 o. 
11. 

Crepicephalus cecinna Walcott 
Kochiella cleora (Walcott) 
Ptychoparia gagensis Walcott 

I This ref ers to the V olumes of Cambrian Geology and Palæont

ology in the Smithsonian Miscellaneous calleetions vols. 53,. 
57, 64, 67, and 7S respectively. 
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12. Pt. skapta Walcott 
13. Dorypyge damia Walcott 

This is a fauna of rather remarkable composition, 
and one that can not readily be considered as typical 
Lower Cambrian. Indeed both the Crepicephalus and Dory
pyge are types referable to the Middle Cambrian and to 
that division the upper limestone of the Mount Whyte 
formation may perhaps be related. The lower part ho\V
ever, has an undoubted Lower Cambrian fauna and if a 

division is necessary, the dividing line must be placed 
somewhere within the formation, and this is probably within 
some of the sancistone members. It is true that the brachio
pods of this fauna as well as the gastropeds range widely 
through lower beds but the trilobites with � exceptions do 
not occur below, these being Crepicephalus ceci1zna which 
also occurs in one of the highest beds of the Mount Whyte 
of Ptannigan Peak (l c) and the other in an up per bed 
(l b) of the Mount Bosworth Section. 

II. Ptannigan Peak Seetion. ( Walcott V, p 278) 
In Ptarmigan Peak. the Mount Whyte f orrnation has a 

thickness of 342 ft. and here the lowest thin-bedded more 
or less calcareous sancistone l 7 f t. thick ( No. 4,), contains a 

typical Lcwer Cambrian fauna including the trilobites Olenellzts 
canadensis Walcott, Mesonacis gz.lberti (Meek) and Bonnz·a 
f i el d ms is (W alcott) . The firs t 2 o f these a re al so c har
aeteristic of the St. Piran formation. Above this comes (No. 
3) a fine-grained, gray-green arenaceous shale with fragments 
of trilobites, and it is possible that here is the contact be
tween the lower and upper Mt. Whytet the fragments of trilo-: 
bites representing the produets of ware action in shallow water 
indicating, if not a disconformity , at least an oscillation of 
the sea level. The next sueeecding 5 7  ft. of arenaceous 
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shale ( No; 2 ) , alternating with thin beds of greenish and 
brown sandstone, with the casts of annelid trails and bor
ings, contains Pt;,choparia cleadas Walcott and Olenopsis 
crito Walcott. The former also occurs in the upper part 
o f the Bosworth Section ( horizons l b, and 2 ) but the 
other is so far unkrtown elsewhere. Above this follows 
(l c) 13 5 f t. of calcareous beds, near the middle o f 
which ( 6 2 f t. f rom the base) occur numerous fragments o f 
trilobite tests, so much broken that even the species and 
genus eannot be recognized. In the upper oolitic beds, at 
the top of l c, again occurs a fauna, including species sug
gestive of the higher beds of the preceding section i. e. 
Nisusz'a (Jamesella) lowi Walcott, Wimanella catulus 
Walcott (not, known e1sewhere) Hyolithes billingsi Walcott, 
Ptychoparia cercops Walcott, and Crepicephalns cecinna 

Walcott. 
Af ter this follow (l b) 62 f t of fissile limestene and 

shale and a bove i t (l a) 2 8 f t. of dark bluish limes tone, 
with Lingulella sp Wimanella.� sp. Ptychoparia cifles Wal. 
and Crepicephalus chares Walcott. This is the top of the 
Mount Whyte formation. 

It is possible that a dividing line may be drawn where 
the bed with trilobite fragments suggest a disconformity in 
horizon l c. The fossils of the uppermost bed contain two 

wide-s p read species Jamesella lowi and IIyolithes billi1zgsz" 
Walcott. which are characteristic of the upper Mt. Whyte 
formation of other sections. Ptychoparz·a cercops also occurs 
in horizon 3 of the Ross Lake Section (VIII) with widespread 
Mt. Whyte mollusks and brachiopods, but associated with it is 
Crepicephalus cecz'nna, a species in which the pygidiun: is 
proionged on either side into a long flattened s1ender and 
slightly diverging spine of approximately the same length 
as the axial lobe. Thc species as Walcott says is closely 
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re!ated to C. upis of the Upper Cambrian Gallatin lime
stone of Montana and to C. Iilliana from strata referred to 
the upper zone of the Lower Cambrian of Nevada. Such 
forms certainly seem out of place in the Lower Cambrian. 

Crepicephalus chares Walcott, which occurs in the 
highest beds was originally deseribed from the Ptarmigan 
formation, L on the peak o f that name, and is theref o re a 

typical Middle Cambrian form. It is characterized by 
having the entire plural portion proionged into the terminal 
spine on either side. Ptychopert"a? dlles Walcott was like
wise deseribed from the Lower Ptarmigan formation2 of 
Ptannigan Peak. This ma.y make it necessarv to place the 
dividing line between the basal Olenellus bed and the high
est limestone of the Mount Whyte formation. If it were 
not for the faet that Ptychoperia cercops which occurs with 
Crepicephalus cecinna, is associated in its other occur
rences �Bed 3 of the Ross Lake, Section VIII) with many 
typical species characteristic of the lower horizon, the prob
lem would not be so difficult. If a part of the Mt. Whyte 
formation is to be referred to the Middle Cambrian, which 
I would not favor, we may tentatively place the dividing 
1ine between these two layers� selecting the beds with 
trilobite fragments below the Crepicephalus cecinna beds, 
i. e. the lower part of division l c of Walcott's section . 

III. Castle Mountain Section. (Walcott. V p. 274) 
In the Castle Mountain section the base of the Mount 
Whyte formation, which has a total thickness of only 248 
f t., consists of shaly sancistones and shales, 57 f t. in thick
ness (division l f of Walcott's section) and with interbedded 
thin layers of sandstone, which contain many fragments of 

1 Walcott Cambrian Geology and Palæontology Vol. 4, page 35. 
2 Ibid. page 3 2  
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Olene/lus. This rests directly upon the qnartzitic sancistones 
of the St. Piran formation, in which fragments of O!enellus 
also occur. Next come 27 ft. of thin-bedded sancistone 
( division l e) with coarse annelid trails and mud cracks on 
the surface of many of the layers. Then follow 6 ft. of 
oolitic and sametimes shaly sandstone, becoming more sandy 
in the lower part (division l d) and these are succeeded by 

gray and dirty-brown thin-bedded sancistones 32 ft. in thick
ness, (division l c) . These are said to contain a typical 
upper Mount Whyte fauna, similar to that which appears 
at this horizon in the Mount Bosworth and Mount Stephen 
sections, and we may draw the dividing line between the lower 
and upper Mt. White formations at the base of this bed. 
The next sueeecding 9 6 f t. of thin-bedded limestones ( divi
sion l b ) ineludes many indeterminate fragments of trilobites 
and the highest 40 f t. of the formation (l a ) has furnished 
undeseribed trilobites. The sueeecding Ptarmigan formation 
carries the Albertella and Dorypyge fauna, which is wholly 
distinct. lf the whole of the Mount Whyte formation in 
this section is of Lower Cambrian age, the difference be
tween the thickness here, and that of the Mount Assini
boine, section exclusive of the upper 3 divisions, is nearly 
500 ft. and this may be due to off-lap during the retreat 
of the Lower Cambrian Sea and :n part to subsequent 
erosion. If we separate the uppar part of the Mt. Whyte 
formation of the Ptarmigan Peak section, the part referable 
to the Lower Cambrian is only about 180 ft. 

IV. Mount Stephen Section. ( Walcott V p. i317) Turn
ing new to the Mount Stephen section, we find the Mount 
Whyte formation 31 G ft. thick. lt begins with a bluish 
black and gray limestone 18 ft. thick (division 6) which 
rests directly on the quartzites of the St. Piran formation 
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This contains a rich fauna, including the foliowing species 
(Hor. �35f). 
B?-achiopoda. 

Iphidella pannula (White) l 

Acrotreta sagittalis taconica Walcottl 
Kutorgina cingulata Billingsl 
Nisusia festinata (Billings) l 

Gastropoda etc. 
Hyolithes billingsi Walcottl 
Sceneila varians Walcott.l 

Trilobita 
Agraulous charops \Valcott 
Ptychoparis cuneas W alcott 
P. pia Walcott 
P. cleon Walcott 
P. thia Walcott 
Olenellus canadensis Walcott. 
This is succeeded by l 02 f t. of gray siliceous shale 

(division 5) with Hyolythes billingsi Walcott, Scenelia 
varians Walcott 2 species of Ptychoparia and Kochiella 
agnesensis.2 

The next sueeecding division (No 4) consists of 32 
ft. of brownish quartzitic sancistone and contains Olenellus 
fragments, Microdiscus sp.,· Ptychoparia.f! sp., and Bonnia 
sp. Next come (division 3) 52 f t. of thin-bedded, dark 
bluish grey limestone, with interbedded siliceous shales. 
The fossils occur near the top and near the base. These 
in the f ollawing list are marked t. and b., corresponding 
to Walcott's loc. 57e and 58s respectively. 

I Also in Lower Cambrian of Appalachian province. 

2 Originally deseribed as Olmopsis.? agnesmst's Walcott, Cambrian 
G eology and Palæontology Vol. II, p. 242, Pl. XXXVI. fig. 2. 
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Brachiopoda 
Acrotreta sagittalis taconica Walcott (t and b) 
Acrothele elitus Walcott (b and t) 
Paterina labradorica (Billings) var. (b) 
lphidella pannula (White) b 

Gastropods etc. 
!:)cenella varians Walcott (b and t) 
Heleionella elongata Walcott (b) 
Stenotheca elongata Walcott var. (t) 

Trz"lobita 
Poliellal primus Walcott (b and t) 
Olenellus canadensis W alcott b 
Olenellus fragments t 
Ptychoparia pia (t) and other species b 
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Division 2 condists of 108 ft. of gray siliceous shale, 
with interbedded gray fossiliferous limestone in the upper 
portion. In the shale of the central portion, the foliowing 
fossils were found. Cystid plates, Paterina sp, Aerofreta 
sagittalz's taconz'ca Walcott, Jllisus·ia (Jamesella) lowi Wal
cott, Hyolithellus sp. Scenella varians Walcott. Olenellus 
canadensis Walcott. 

The highest mernher (No l), consists of thin-bedded, 
bluish-black and grey limestone and from this and the inter
bedded limestones at the top of No 2, the foliowing forms 
have been obtained. ( 58k) 
.Brachz'opoda 

Acrotreta sagittalis taconica Walcott 
Nisusia (Jamesella) lowi Walcott 

·1 Subgenus of BathiuriscU3. The species of this subgenus are 

usually confined to the Middle Cambrian, except P. primus which 

occurs with Olenellus (Walcott, Camb. Geol. and Pal. Vol. 3, page 

352) 
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Gastropoda etc. 
Heleionella elongata Walcott var. 
Sceneila varians Walcott 
Hyolithes billingsi Walcott 

Trilobita 
Kochiella agnesensis Walcott 
Ptychoparia clusia W alcott 
Ptychoparis thia Walcott 
Crepicephalus celer Walcott 
Polyella primus Walcott 
If we now consider this fauna as a whole, we find 

that most of the species have a wide range, being gener
ally absent only from bed No. 4, which is a sancistone in 
which the fossils are imperf ect or f ragmentary. Those 
that range through the entire 315 ft. of the Mount Whyte 
of this section are 
Brackiopoda 

Aetratreta sagittalis taconica Walcott ( except 4 & 5) 
Gastropods etc. 

Sceneila varians Walcott ( except 4) 
Hyolithes billingsi Walcott ( except 2, 3, 4) 

7rilobital 
Olenellus canadense Walcott ( except 2, 4, 5) 
Polyella primus Walcott ( except 2, 4, 5, & 6) 
These may therefore be considered the index fossils 

of this formation. It is quite evident that in this section, 
the Mount \Vhyte formation is a unit and referable to the 
Lower Cambrian. Moreover, it appears to be directly suc� 
ceeded by the Cathedral formation, a massive dolomitic 

I Crepicephalus celer which occurs in this fauna is deseribed from 

a cephalon only and may not be of this genus. 
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limestone 1,680 ft . in thickness . The Ptarmigan formation, 
which in other sections separates the two, appears to be 
wanting here or induded in the overlying limostone. If absent, 
it would appear that we have here a case of overlap of 
Middle Cambrian strata and this together with the absence 
of the higher Mount Whyte beds, strongly suggest a dis
conformity, and therefore the unity of the Lower Cambrian 
pulsation . 

V. .11-f'ount Temple Sectt"on (Walcott V. p. 301). In 
this section, the Mount Whyte formation is only l 71 ft. 
thick. lt rests on the St . Piran quartzites and is overlain 
by massive-bedded limestones, the age of which is not given. 
The series begins with 7 feet of reddish-brown and grev 
sandstones, with some calcareous layers almost made up of 
fragments of Olenellus (No . 7). 3 ft. of greenish slale 
(No . 6 ) , follow, and then 23 ft. of coarse reddish and 

gray calcareous sandstone, with numerous fragments of 
Olenellus ( 5 ) . After this 5.5 ft. of cross-bedded grey sanci
stone ( 4) and 3.5 ft. of thin-bedded arenaceous limestone 
(3) follow. These are succeeded by 107 ft. of greenish, 
arenaceous and siliceous shales in massive beds ( 2 ) , f rom 
which various species of Obolus have been obtained . The 
formation is terminated by ( b ) 22 ft . of thin-bedded impure 
bluish-gray limestone . Since only Obolus has been obtained 
from the shales of No . 2, it is impossible to determine its 
age, but as this genus is more characteristic of the upper 
Mt. Whyte and higher beds though also found in the lower 
Mt. Whyte it is possible that these may represent the higher 
division if not Middle Cambrian, in which case, the line of 
division might perhaps be drawn at the top of the cross� 
bedded sancistone ( 4) that marking a physical line of dis
conf ormity. Thi s would reduce the thickness of the lower 
portion to less than 40 ft. 
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VI. Lake Lou·ise Secti01z. CWalcott V, p. 302). In 
this section where the St. Piran has a thickness of 2,632 
ft, the Mount Whyte which succeeds it, is 458 ft. thick, 
and is in tum f ollowed by massive limestones o f which 
about 500 ft. have been referred to the Ptarmigan forma
tion. The Mount Whyte begins with 72 ft. of bro\\-'Tlish 
and gray sandstones, with shale partings C l e) which con
tains the index species Scenelia van:ans Walcott, and spec.,. 
ies of Orthotheca, Ollenellus and Bomtia. It is followed 
by 115 f t. of thin-bedeled arenaceous gray limestone C l d) 
with numerous small concretions, and with fragments of 
Olenellus throughout. 

Sueeecding this is (l c) , 64 f t. of greenish siliceous
shales, with the foliowing fauna in the lower 2 ft- Ling
ule/la sp, ljhidella u•apta Walcott, Obolus parvus Walcott, 

A erothele elitus Walcott, Hyolithes bilhngsi · Walcott ? 
Kochiella agnesens·is (Walcott), Ptychoparia carina Walcott, 
Pt. pero/a Walcott, and Polyella primus Walcott. 

Of this list only the trilobite Korhiclla agnesensis and 
the pteropocl Hyolithes billingsz' are founcl in the Mount 
Whyte fauna of Mount Stephen, the first in the shales 60 
ft. or more from the base, and at the top, the other at 
various levels throughout. 

The question then arises, shou1d these beds still be 
considered of Lower Cambrian age? or should they be 
placed in the Middle Cambrian, which would make Kochiella 
agnesensis one of the few :.pecies which continues from the 
Lower into the Middle Cambrian. In thc sueeecding l 04 
f t. of shales, interbedded limestones and sandstenes (l b 
and l a) only annelid trails and trilobites tracks have been 
found, and these indicate shallow water if not actual con
tinental beds and may mark a line of physical discon
formity. 
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The highest member of the Mount Whyte formation 
of this section (l) consists of l 03 f t. of oolitic, banded, 
and dolomitic limestones in alternation. These are correlat
ed with the similar beds of the Mount Stephen section in 
which the Scenel/a varians fauna is found, and beds in the 
upper part of the Mount Boswell section, \vhich carry the 
Kochiella agnesmst"s fauna. 

VII. Mount Schaffer Sectz"on. ( Walcott V p. 305 ) . 

This section shows only a portion of the M.ount Whyte 
formation, of which only about 160 f t. is exposed. l t is 
succeeded by thin-bedeled arenaceous limestone, probably of 
the Ptarmigan, above which lie the heavy-bedeled Cathedral 
limeston es. 

The lower .120 ft. of the exposed portion consists of 
various sanelstones aften of brown colour and with fragments 
of Olenellus throughout the greater part (divisions 3 to 6 ) . 

Then follows (division 2) 15 ft. of grey arenaceous thin
bedeled limestone with finely oolitic and pure limestones. 
From thi s division the f ollowing fauna ( 61 d ) was col
lected. 

Brachz"ojoda 

Paterina labraclorica (Billings) 
lphiclella pannula (White) 
Acrotreta sagittallis taconica Walcott 
Jamesella lowi Walcott. 

Gastropods etc. 

Scenelia varians VJ alcott. 
Pdagielia sp. 

Trz"lobz"ta 

Corynexochus senectus ( Billings ) 
Agraulus unca Walcott 
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Mesonacis gilberti ( Meek) 
Ptychoparia lux W alcott. 
P. sp. 
Zacanthoides sp. 

Other Crustacea. 
Shafferia cisina Walcott 

This is a typical Mount Whyte fauna of Lower Cam
brian affinities and contains no forms dissonant with that 
classification. 

The highest beds (l) consists of 20 ft. of gray 
arenaceous and siliceous limestone with irregular cherty 
stringers in the line of bedding. No fossils have been re
ported from it. 

VIII. Ross Lake Sectz'on. (Walcott V p. 306). Here the 
full thickness of 248 ft. of the Mount Whyte formation 
is exposed between the St. Piran sancistone below and 
the Ptannigan limestones above. 6 subdivisions are re
cognized in the Mount Whyte. The lowest (No. 6) is a 
calcareous sancistone 2 7 f t. in thickness and carries typical 
Lower Cambrian trilobites ( 63 1). 
Bonnia fieldensis Walcott 
Olenellus canadensis Walcott 
Olenellus fragments. 

Thc next higher division ( No. 5) consists of 85 f t. 

of greenish, drab and buff-coloured siliceous shale with thin 
limestone partings. JIIirromitra and Ptychoparia? have been 
obtained. The next 70 ft. of shale and sancistones (No. 
4) have furnished no fossils, except annelid trails and 
tracks of trilobites. 

In horizo;; 3 however, which consists of 18 ft. of 
gray finely oolitic limestone, the foliowing fauna has been 
found in thc lower part. ( 63 k ) . 
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Brackiopoda 
Jamesella lowi \Valcott 

Gastropoda etc. 
Pelagiella sp. 
Heleionella elongata Walcott 
Scenelia varians W alcott 
Hyolithes billingsi Walcott. 
Ptychoparia cercops W alcott 
P. pia Walcott 
Kochiella agnesensis W alcott 
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This fauna is entirely comparable to, though less 
abundant than, that of the upper beds of the Mount 
Stephen section, where the thickness is only a littie 
greater. 

IX. Mount Bosworth Sectt:on. (Walcott V, p. 313) 
In this section the Mount Whyte formation is 390 ft. 
thick and is limited below by the St. Piran and above by 
the Ptarmigan. Six divisions are recognized, but the upper 
3 are grouped as a unit under No. l. 

In this section the Mount Whyte begins with 20 ft. 
of limestones and inter-bedded shales (No. 4) which have 
furnished a considerable fauna, with the foliowing species. 

(35 h) 

Brachiopods. 
Nisusia f estinata ( Billings ) 

Gastropods etc. 
Scenella sp 
Hyolithellus sp. 

Trzlobita 
Ptychoparia pia \Valcott 
P. (Inglefieldia) thia Walcott 
Bonnia fieldensis W alcott 
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Olenellus canådensis Walcott 
Mesonacis gilberti Meek. 
The next division (3) consists of 115 ft. of siliceous 

shales, with few interbedded thin layers of sandstones. It 
has furnished no fossils. But the overlying bed of sand
stone ( No. 2) 3 1 ft. thick, has furnished (58 u ) . 

Hyoli thes sp. 
Ptychoparia cleadas Walcott. 
The upper division (l) is 224 ft. thick and is wholly 

calcareous. In the Lower 60 ft. (l c) a fauna (57 q) is 
found comprising. 

Ptychoparia adina Walcott 
Crepicephalus? celer Walcott 
This last is a form which also occurs in the upper 

bed (No. l) of the Mount Stephen section. lt is rather 
remarkable for this horizon, since the extremities of the 
pleural lobe are produced in flat tapering cuneate append
ages terminating in acute points and the posterior border 
of the pygid ium is deeply emarginate. _ This species differs 
from the typical forms of Crepz"cephalus and probably re
presents a distinct genus. lt must be regarded as one of 
the advanced forms of Lower Cambrian trilobites. 

The next 44 ft. of oolitic limestone (l b) contains a 

more extensive fauna (57 s) . This ineludes : 

Brachiopoda 
Jamesella lowi Wallcot 
Acrotreta sagittalis taconica Walcott? 

Trzlobita 
Eodiscus sp. 
Agraulus sp. 
Ptychoparia cleadas Walcott 
Kochiella agnesensis Walcott 
Kochiella cleora Walcott 
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The series is terminatcd by 12 O f t. of thi n bedded 
bluish grey slightly arenaceous limestone (l a) which con
tains numerous annelid trails and borings, but has furnished 
n o other fossils.  

This is probably the true summit of the Lower Cam
brian, although from the occurrence of Crepicephalus.'l ccler, 
one might be tempted to consider division l as referable 
to the Middle Cambrian . That however, would involve the 
ranging of too man

·
y of the normal late Lower Cambrian 

species into the Middle Cambrian. 

X. Bow Lake Section ( Walcott V, p. 325 ) . This. 
section is chief1y remarkable for the great thickness of 

the Mount Whyte formation which is here 762 ft . thick. 

1t rests on the St. Piran and is succeeded by the Ptarmigan,. 
with the Albertella fauna. The series is divided into 20 
divisions l O of which are calcareous, these aggregating a 

total of nearly 450 ft . 7 of the division are shale general1y 
alternating with the limestones, and these have an aggregate 
thickness of slightly over 150 ft .  The remainder is made· 
up of sandy beds, either with calcareous or with shaly par
tings and these occur at the base or below the Middle. 
Nisusz"a and Hyolithes have been reported from one of the 
higher limestones (No. 4) but otherwise the section has 
furnished no fossils. 

XI. Siffleur River Sectz"on ( Walcott V, p. 333). 
This is one of the thinnest sections of the Mount \Nhytc 
formation, this being only 140 ft. thick. It rests on the 
St. Piran quartzites and is followed by the Ptarmigan forma

tion with Albertella. The section begins with l u ft . of 
oolitic limestones (l b ) , while its upper part (l a) 1s 
formed of 124 ft . of calcareous shales, with thin layers of 
limes tones. The lower division (l b) has furnished a 
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meagre fauna, ( 65 n), which is however, characteristically 
Lower Cambrian. It includes: 

Hyolithes sp. 
Scenelia sp. 
Olenellus cf. thompsoni (Hall) 
Bonnia sp. 

This concludes the survey of the detailed sections of 
the Mount Whyte formation, and i t is probable that the 
whole series is to be referred to the Lower Cambrian, 
though it would be desirable if we could exelude from this 
the beds wi th Crepicephalus cecinna and Dorpy g e damia. 
Both o f these f orms are more at home among the Middle 
Cambrian faunas. Unfortunately however, these same beds 
inelude so many brachiopods and mollusks which range 
throughout the Mount Whyte, that it seems impossible to 
separate them from the lower divisions. Reluctantly we must 
then conelude that Crepicehalus cecinna and Dorypy ge 
damia are advance forms of a fauna which retums in force in 
Middle Cambrian time though in other species. They may 
be of "southern" origin. Even with this inelusion we find 
the Lower Cambrian fauna wholly distinct from the Middle, 
and though genera recur, the species are largely distinct. 

lt must be confessed that there is no marked physic.al 
evidence of a retreating sea at the end of Lower Cambrian 
time and although there is a very great variation in the 
thickness of the Mount Whyte Formation, there is in many 
sections a marked similarity in faunas of the higher beds, 
suggesting that this horizon is rather constant. Neverthe-
1ess, there are formations, in which the higher beds carry 
a typical Olenellus fauna and this may mean that the highest 
beds o f the Mount Whyte formation, preserved in some 
sections, are wanting in others, either due to off-lap or be-
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cause of sub-sequent erosion, after the retreat of the Lower 
Cambrian Sea. lt is possible that the variable thickness of 
the overlying St. Piran formation, if that is accurately re
corded, is to be explained by over-lap in the Middle Cam
brian Sea. 

None of these physical feature ares however, conclusive, 
and we are compelled therefore to rely entirely upon the 
sudden change in fauna for the determination of a hiatus 
benveen the Middle and Lower Cambrian, and this acknow
ledged sudden change is certainiy not capable of explanation 
in any other way. 

XII. Robson Peak Sectz"on (Walcott V. p. 362) . 
Robson Peak is one of the most remarkable of the many 
striking peaks of the Canadian Rockies, terminating in a 

pyramid of almost artificial appearance, the summit of which 
rises to a height of 12,972 ft. or 3,953.8 meters above 
sea level or 9,752 ft. 2,972.4 meters above the level of 
Lake Kinney at its base. But the remarkable faet is that 
this great peak is carved almost entirely out of horizontall 
Cambrian and early Ordevieian strata and that its flanks 
represent a continuous section from the Lower Cambrian to 
the Lower Ordovician. The district in which the sections 
are exposed, lies partly in British Columbia and partly in 
Alberta, Canada. 

The base of the section shown in the slightly uptumed 
strata on one side of the peak, is formed by the Miette 
formation of Sinian (Beltian) age. This consists of 
2,000 ft. of massive-bedded gray sandstenes with thick beds 
of gray and greenish siliceous shale. lt is separated by a 

disconformity from the Lower Cambrian. The latter com
prises the f ollewing mernhers in descending order. 

l lt represents the central part of a broad syncline. 
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$uperjm-mation Middlc Cambrian 
Chetang formation. 900 ft. (274.3 meters) 

Lower Cambrian 
Hota Formation calcareous 
Mahto Formation chiefly 

sancistones 
Tah Formation, chiefly 

shales 
McNaughton Formation, 

sancistones 

Dis conformt:t J' 
Sub formation ; Sinian Miette 

800 f t. (243.8 meters) 

1,800 f t. ( 548 .7 meters ) 

800 ft. ( 243.8 metres ) 

500+ft. ( 152 .4+meters) 

Formation, sancistones 2,000+ft. ( b09 .6+meters) 
The McNaughton, Tah and Mahto formations have 

furnished no fossils, but the Hota formation, which consists 
of 800 ft. of massive-bedded arenaceous limestone, contains 
Olozellus fragments in various divisions at one of which 

( 6 1  s ) 300 ft. from the top the species could be identified 
as O. canadensis Walcott. This is the only species also known 
from the lower Mount Whyte and St. Piran formations. At 
another locality however (61, k), a considerable fauna is found 
in an interbedded band of dark shale. This ineludes the 
following. 

Brachz"opoda. 
Lingulella chapa Walcott. 
Lingulella hitka 
Mickwitzia muralensis vValcott 
Obolella nuda Walcott. 
Obolella cf. chromatica Billings 

Trilobita 
Callavia eucharis vValcott 
Callavia perfecta Walcott 
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Wanneria occidens Walcott 
Olenellus truemani Walcott. 

Other fossils 
Cystid? sp. 
Hyolithes sp. 
Hymenocaris sp. 
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This is a remarkable fauna, .unknown in any of the 
other Lower Cambrian beds of the nortl1ern Cerdilleran re
gion. Moreover, the association of Callavia with Olmeflus 
is a striking feature. The two species are represented by 
·nearly perfect individuals and these show a very ciose re"' 
lationship to Callavia b-twrz" Walcott, and Callavia crosbyi 
Walcott, both of which are characteristic species of the 
Lower Cambrian of Braintree near Boston, a locality within 
the Atlantic or Caledenian Basin. Other species occur in 
that basin and they are closely related to typical Holmia, 
with which they were originally identified generically. 

M·ickw1:tzia muralensis of this fauna differs oniy in 
minor features from M. mmzilifera of the Baltic Lower 
Cambrian, and thus presents another species with Atlantic 
affinities. Here then we have an example of the intrusion 
of the Atlantic Lower Cambrian fauna into the Cordilleran 

' 

geosyncline, and since this eannot be explained by any 
cross-continental migration, we must consider that both 
faunas entered from the Boreal realm. But since these 
.faunas are not generally commingled they could not exist 
simultar:eously, but probably represent different periods of 
the Lower Cambrian. Then the question arises, is the 
Callavia-Holmz"a fauna older or younger, than the faunas· 
so far discussed. The answer must be that it is at least 
an older fauna than the Mount Whyte and probably precedes 
.the fauna with Olenellus in the St. Piran formation, though. 
this might follow it very shortly, since Olene/lus, though 



64 A. W. GRABAU 

of a distinctive species, is actually associated with these 
forms. That would imply that the horizon of the Mount 
Whyte formation is absent in this section and that in tum 
would suggest a marked hiatus between the Hota and the 
over-lying Middle Cambrian Chetang formation as that is 
characterized by the Albertella fauna and hence represents 
the Ptarmigan formation. 

Sactions in tha Southarn Bordlilaran Region. 

South of the great Tertiary lava plateaus, in the States 
of Utah, Nevada and Southern California a number of 
characteristic sections have been studied, but only a very 
small portion of this very extensive district has been ex
plored in detail. In the Wasatch Mountains of northern 
Utah the Middle Cambrian apparently lies directly and dis
conformably upon the Sinian Rocks, though originally a 
part of these lower beds were thought to be of Lower 
Cambian age Mesonae-is gt-"lbert-i having been reported from 
a thin-bedded limestone, on the north side of Big Cotton
wood Canyon one mile below Argenta, southeast of Salt 
Lake City Utah. 

One of the best sections of the Cambrian strata, is 
found in the western part of the State of Utah at House 
Range, which Iies west of Sevier Lake.l Other sections 
are known f rom Pioche and the Eureka mining district of 
southeastern Nevada, and in the western part of the Great 
Basin in California, Nevada, and the Mohave desert in 
southern Calif ornia. 

XIII. IIouse Range Utah Se et-ion. ('vValcott I. p 184) 
House Range is one of the fault blocks, that compose the 
Basin Ranges. It belongs to the eastern series and there-

l Approximately Lang. II3° 301 W., and Lat, 39° N, 
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fore has its fault scarp, more or Iess eroded, facing west
ward,l and its strata gently dipping to the east. No pre
Cambrian rocks are exposed, the lowest Cambrian being 
only in part shown. This is the Prospect Mountain forma
tion, a gray and brown quartzitic sancistone in Iayers 4 
inches to 3 ft. in thickness. 

Overlying the Prospect Mountain sancistone is  the 
Pioche formation, which consists of · 125 ft. of arenaceous 
shaley layers, with some thicker layers of quartzitic sand
stone, and contains annelid trails and Cruzz"ana. This there
fore represents the shore or even subaerial portion of this 
shale, which in the type region at Pioche Nevada, is very 
fossiliferous. Overlying the Ploche shale are the arenaceous 
limestones and sancistones which f orm the base of the 
Middle Cambrian. These at a somewhat higher level, con
tains a fauna with Zacanthoz"des and Dorypyge? 

XIV. Pz"oche Nevada Sectz"on. This section lies in 
southeastem Nevada (approximately Long. 1140.25' west, 
Lat. 370.55' north). On the road from Pioche south to 
Panaca, is the classical exposure of the Pioche shale. Here 
it contain the foliowing fauna. 

Brachz"opoda 
Iphidella pannula ( White). 
Westonia ella ( Hall & Whitfield) 
Acrothele subsidua White 
A. suhsidua var. hera W alcott 

I A photograph of this, copied from Walcott, is given in my 

Text-book Vol. Il, p. 245, fig. 1042. The lower half or more 
of the view shows the Prospect Mountain quartzite, while the 
upper part of the Mountain represents Middle Cambdan, the 

two being separated by the Pioche shale, which is not very 

evident in the photograph. 
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Acrothele spurri Walcott. 
Acrotreta primæva Walcott 
Billingseila highlandensis Walcott. 

Gastropoda ete. 
Hyolithes billingsi Walcott. 

Trz"lobz"ta 
Mesonacis gilberti Walcott. 
Zacanthoides levis Walcott. 
Crepicephalus augusta 
Cr. liliana Walcott 
Mesonacis freemonti vValcott. 

Cystoz"dea 
Eocystz"des? longz"dactylus Walcottl 
O f these only i� species, Iphidella pannula, H yolithes bil

ling-si and Mesonae-is gilbert-i have been found in the northem 
sections. The first of these also occurs in the Middle Cambrian 
Stephen formation of Mount Bosworth and Mount Stephen. The 
second is a wide-spread pelagic type. The 3rd is a typical mern
her of the Mount Whyte formation. Of the others Biltingsella 
highlandmsis is known from the Waucoba Springs sections, 
but unknown in the northern section. The others have not 
been reoorted from the Lower Cambrian elsewhere. Westonia 

.l 

ella is al so known f rom the Stephen shale of the Middle 
Cambrian. Zaca;zthoides levis, if it belongs to that genus, 
has its nearest relatives in the Middle Cambrian. Finally 
the 2 species of Crepicephalus, the first with broad pleural 
spines at the end, the second with narrow and longer spines 
also appear out of place in a Lower Cambrian fauna. The 
presence of Æfesonacis however, gives the fauna a distinc
tively Lower Cambrian aspect. It is possible that the 
aberrant part of the fauna is of southem origin, and that 

I These fossil:; are mostly diseribed by Walcott in Bulletin XXX 
U.S. Geo!. Survey. 
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we have here a commingling of both the Boreal and the 
southern type. 

In the Eureka mining district 13 5 miles to the north
west, ( approximately Iongitude 1160 W, and Latitude 390 
30' N.) the Pioche shale is 200 f t. thick and contains 
Mesonae-is gilbert-z', Mesonacis freemontt', and Peachella 
z'ddz'n g-si W alcott. 

At the south end of the Timpahute Range the Pioche 
Shale has the foliowing fauna 
Jamesella erecta Walcott 
Billingselia highlandensis Walcott 
Callavia (Pædeumias) nevadensis Walcott 
Mesonacis freemonti Walcott 
Peachella iddingsi Walcott 

XV. JfTaucoba Sprz'ng-s Section. Inyo County California 
(Walcott I, p. 185) 
This is situated in sontheastern California close to the 

Nevada line and ·has been considered as representing the 
most typical Lower Cambrian section of western North 
America. The entire Lower Cambrian is represented by 
the Silver Peak group, with a thickness of 6,570 ft. Neither 
the base nor the top however are exposed. The total 
series is divided into 3 divisions each with a number of 
subdivisions. The lowest exposed bed ( 3 d) comprises 450 
ft. of shaly and massive sandstones, which besides Cruzz'atza 
has furnished the foliowing fossils. 
Archæocyathids 

Archæocyathus sp. 
Ethmophyllum gracile Meek 

BracÆz'opoda 
Mickwitzia occidens vValcott 
Obolella sp. 
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Tramatobolus excelsis Walcott 
Gastropoda etc 

Hyolithes sp. 

Trilobt"ta 
vVanneria? gracile. 
Next follow 575ft. of alternating arenaceous limestones, 

shales and sancistones ( 3 c) . 2 7 5 f t. f rom the base 
Archæocyathus is very abundant. The .next series ( 3 b) 
comprises argillaceous and sandy shales with few thin lime
stone beds 200 ft. thick, and carrying T1�amatobolus excels·is 

and Obolella sp. 160 ft. from base. 

The upper part of this division (3 a,) consists of 3GO ft. 
of sancistones and shales with some interbedded limestone 
which also forms the summit of the division. 430 ft. from 
the base, m1merous fragments of Olenellus have been 
found. 

The next division consists of 2,755 ft. of more or 
less sandy beds. It begins with 790 ft. of quartzitic sanci
stone (2k) with annelid trails on the surface of the 
1ayers. 

The next division (2j) consists of 485 ft. of quart
zitic sancistones with Scolithus and with interbedded shales, 
in which have been found Billz"ngsella highlandensis, and 
the trilobite Mesonacis freemontz:. Then follow 430 ft. of 
alternating shales and quartzites with Scolithus, Salterella 
and Olenellus fragments. The remainder of this division 
2h-2a inclusive, l O 50 f t. in thickness, consists o f shales 
sancistones and limestones of various combinations, some
times with fragments of trilobites and in the upper part, 
with annelid trails and Crztziana. The highest division 
No. l has a thickness of l ,040 f t. and is mainly calcarc
ous. lt begins with 340 ft. of arenaceous limestones (l d) 
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in which Holmia, and Salterella occur 105 ft. above the 
base. Then follow 175 feet of limestones (le and l b ) 
from which no fossils have been reported and the series 
terminates with ( la ) 525 ft. of compact limestone with 
.concretions. 50 ft. from the bottom, sections of calcareous 
brachiopds and a large Orthotheca like shell have been 
found. 
XVI. Barre! Springs Section (Walcott l, p. 188) 

This section is 16 miles south of the town of Silver 
Peak, Nevada and represents the same series as that shown 
in Waucoba springs. The total series exposed is 6,250 ft. 
and all of its belongs to the Lower Cambrian. Neither base 
nor top is shown and hence the complete thickness is un
known. 13 subdivisions have been recognized, of which the 
lowest exposed portion (No. 13) consists of 1 80 ft. of 
siliceous buff limestone, from which no fossils have been 
recorded. This is followed by ( 12) 222 ft. of massive 
quartzite, shaly in places, which contains Nevadia weeksi, 
and Holmia rowii. This, until recently, was regarded as the 
oldest fauna known, with the earliest of trilobites. ( See 
Walcott. Cambrian Geol. and Pal. Vol. IV p. 431 )· This 
is borne out by the section, since with the exception of 
unidentified fragments of Olenelloid trilobites, about 1,000 
ft. higher, no other trilobites are known, in the next 3,322 
ft, which is composed of a great mass of siliceous and 
"Coral" limestone (No. 11) 1349 ft, followed by 9·04 ft. 
of quartzites (No. l O), 238 ft. of calcareous shales (No. 
9); 81 ft. of massive limestone ( No. 8); and the whole 
capped by a flow of andesite 750 ft. in thickness. .Accord
ing to Resser (Bull G. S. A. Vol. 44, p. 7 48) "recently 
grave doubt of the early age of this zone. has arisen, a 

survey indicating that it really belongs close to the Olenellus 
zone." 
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Above the andesite follow 460 ft. of green calcareous
shale, with bands of limestone at the top ( No. 6). This 
contains Salterella sp, Wanneria? gracile Walcott, Olenellus 
cl a ytoni Walcott. Other green shales and limestones f ollow 
capped by massive blue limestone ( Nos. 4 & 5) the total 
aggregating 629 ft. Then follow (No. 3) 390 ft. of cal
careous shales, arenaceous toward the top, with a rich fauna 
of the foliowing species. 

Archæocyathids 
Archæocyathus? sp. 

Brachiopoda 
Kutorgina cingulata ( Billings ) 
K. perugata Walcott. 
Siphonotreta? dubia Walcott. 
Acrotreta claytoni Walcott. 
Acrothele spurri? W alcott. 
Swantonia weeksi Walcott. 
Swantonia? sp. 

Gastropoda etc. 
Heleionella cf. elongata ( Walcott ) 
H. cf. rugosa Hall 

Cephalopoda 
Salterella sp. 

Trilobita 
Ptychoparia sp. 
Olenellus argentus Walcott 
Mesonacis gilberti. (Meek) 
Wanneria? gracile Walcott. 

In the next succeeding 206 ft . of sandy shales and 
sandstenes No. 2, fossils are scarce or absent, but from the 
terminal thin bed of limestone the foliowing fauna has been 
record ed. 
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Brachz"opoda 
Paterina prospectensis Walcott. 
Jamesella amii Walcott 

Gastropoda etc. 
Scenelia sp. 

Trilobz"ta 
Agraulus? sp. 
Mesonacis gilberti C Meek) 

71 

The section is terminated by 737 ft. of massive blue 
mottled limestone, with 50 ft. of sandy limestones in the 
middle o f · the series C No. l ) Arclzæocyathus and all i ed 
f orms occur throughout this limes tone. 
XVII. Brz'stol Hz"!! Sectiott. C lron Mountain ) Near Cadiz, 

Calif ornia. 

( Approximately Langitude 1150 35' W, Latitude 340, 
38' N ) . This section in the Mohave desert of San Ber
nardino County in Southern California, about 50 miles 
southeast from the Nevada-Arizona line, is the southernmost 
section of thesc Cambrian strata known. It probably repre
sents the western part of the Palæo-Cordilleran geosyneline 
and since throughout Arizona only the Middle and Upper 
Cambrian is known, it probably also marks the southern 
extent of the invading sea f rom the north. I t is of course 
possible that there was an opening to the Pacific west of 
thi s section, in which case the Eristol Mountain f orrnations 
must be regarded as representing the eastern border of that 
geosynclinc, but at present. no Cambrian strata are known 
from this part of California. If, as indicated by the pre
sent known sections, the geosyneline was closed to the 
invading sea on the south, the Lower Cambrian fauna of 
this region, must be entirely of Boreal origin. If on the 
other hand, as Resser suggests, the Crepicephalus element 
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is of southem origin, a connection must have existed, per� 
haps across Arizona, the record of which was again eroded' 
before the deposition of the Middle and Upper Cambrian. 

The Eristol Mountain section,l first discovered by 
Darton, begins with 4 70 f t, ( 143.3 meters) of quartzites, 
which rests unconformably on an eroded granite surface. Above· 
this occur 22 f t. ( 6. 7 meters) of fine-grained arenaceous 
shale, containing thin beds of sandstone. These shales con
tain an abundant fauna of the foliowing spectes. 

Brachiopoda 
Paterina prospectensis Walcott. 

Trilobita 
Mesonacis f reemonti Walcott .. 

M. bristolensis Resser. 
M. insolens 

. 
Resser 

Pædeumias nevadensis vValcott 
P. clarki Resser 

This is a typical Lower Cambrian fauna of Boreal 
ongm. 

These beds are succeeded by 25 ft. (7.6 meters ) of 
blue to b�ack, unfossiliferous nodulous limestone which is 
also referred by Resser to the Lower Cambrian. lt is fol
lowed disconformably by 120 ft . (36.G meters) of brown 
or black arenaceous shales, which about 12 ft. above the 
base has furnished 2 Middle Cambrian trilobites. 

Dolichometopus? lodensis (Clark) 
D. productus ( Hall & Whitfield) 

The latter, generally known as Bathyuriscus productus, 

1s a wide-spread Middle Cambrian species, in Utah, Nevada, 

I Charles E. Resser. Cambrian fossils from the Mobave desert. 

Smithsonian Miscellaneous collection. Vol. 81, No. z, Washing

ton 19.18. 



LOWER CAMBRIAN PULSATION 73 

and Arizona ( Coconino County ) . It has also been found in 
shaly sancistones near Rogersville and Bays Mountain Tennes
see, southeast of Knoxville, in strata erroneously referred to the 
Rome formatisn,  and in the Conasauga limestone above the 
Rome in Floyd County, Georgia. This suggests that it is. 
of early Middle Cambrian age and probably derived from 
the south, though Resser may be correct in suggesting that 
i t too is of northern arigin . 

The Middle Cambrian beds of this section a re discon
formably succeeded by limestone of Mississippian age. 

This conducles our survey of the Lower Cambrian of 
the Cordilleran province. In Table II the distribution of the 
faunas so far as recorded is given. 

LOWER CAjlfBRIAN OF THE A TLANTIC 

OR CALEDONIA1V PROVINCE 

If we accept the hypothesis of the former continuity 
of the Eur-African and American continents, we remave the 
Atlantic as a center of faunal evolution and the center of 
the Atlantic or Caledonian faunal province must therefore 
also be placed somewhere in the region of the present 
Boreal realm. As previously suggested, when we postulate 
a former discontinuity of continental shelves, and therefore 
interruptions of the littaral district, which was probably 
the permanent home of these organisms, we can understand 
the distinctness of the faunas of the various provinces. 
That they were not absolutely distinct is shown by the 
occurrence of trilobites referred to the genus Holmia, and 
others of the genera Paedumias and Callav·ia in Lower 
Cambrian strata of the Palæocordelleran province, and also by 
the occurrence of similer brachiopods and gastropoda. On the 
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whole however. the faunas of these provinces are strikingly 
distinct and unless we can postulate a marked difference in 
age benveen them which does not seem likely, we must 

explain this difference by isolation in distinct parts of the 
continental shelf. 

The deposits of this region are now known from 
Eastem New Foundland, Cape Breton and Eastern Mas
sachussettes on the American side, and from England and 
Wales, the Baltic region, and Poland on the European side. 
In the foliowing maps and diagrams an attempt is made 
to show the former and present position and character of 
these and the Appalachian deposits (Figs. 1 -3). 

Before preceding to the discussion to these individual 
regions, we may give Resser 's zoning of the Lower Cam
brian of this province. 

Super .formation. 

Profolenus beds (Re.ferred here to JV.liddle Cambrian) 

F orrnational u ni t Faunal zone 

Callavia beds Callavia 

Holmia beds 
( Conchostraca) 

Holmia kjerul.fi 

Lower Acrothele beds Acrothele prima 
--· -----

Cambrian Obolella beds Obolella groomi 

Vdlborthella beds Volborthella 
- - -

Platysolenites beds Platysolenites 

Discinella beds Discinella holsti 

Quartzites beds 
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Map of a port ion of Palæozoio Pangæa or t he un ited oont inents, w ith the 
geosynol in('s, in Lower Cambr ian t i me. 

Vertical lining: Atlant io-Caledonian geosyncl ine . Ibrizontal lining: Appalachim 
geosynol ine. 

The po r t i nns o f  t he present lands, included in t he geo synel ines and cove red by 
the I.ower Cambr ian Sea, is  darkcr. ( The East lberian Peninsula i s  not included, 
as there is some dnubt of the Lower Cambrian age of the deposit s  of Villa Boim). 

Diagonal lining: Pan-Pacifio Ocean. A-B, C-D, and E-F, lines of seotton I. 
The various land masses of tnday are numbered as follows: 1 .  Seandinavia 2·· 

England and Sootland 3- Ireland 4. New Foundland S· Southern Appalachia 6. Central 
North Arnerica (Mississippia ) 7· Greenland. 8. Easte rn North Europe. 9• South 
Eurnpe 10 Afrioa n. South Arnerica 1 2. India 1 3. Aust ral ia ( represented too luge ) 
14- Antarct ioa. Many of the lands are represented large r t han they are today t� 
eliminate t he compression due to folding. 
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�ig. z. Map of the Arnericas and Eur-Africa, representing the present position and 
size in Mercator projection. The geosynelines are represented as separated 
by the drifting apart of the lands. The portions preserved in the continent 
are not differentiated. 

A.. B. and C. .D. Lines o f seotion II. ( combined) 
E. F. Line of section III. 
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Fig. 3· Sections along th(' lines, shown on the maps fig I and 2. 

I. Section restored, showing the original conditions of the geosynelines in 

Cambrian time, before the separation of the continents. More or Jess combined· 

from the 3 sections A-B, C-D, and E-F on Fig I. 

O.L. Old Land of Appalachio-Cadedonia. 

App Appalachian geosyncline. 

Ca/ed. 

M. P. 
Caledonian geosyncline. 

Marginal Plain of Appalachian geosyncline. 

111' .P'. Marginal Pia in of the Caledonian geosyncline. 

x. Lower Cambrian, Holmia Beds. 2. Middle Carnbrian, Paradoxides Beds. 3· 
Upper Cambrian, 0/enm-Trernadoc-I.ower Ordovician beds, all in Caledonian geosyn

oline. 4· Lower Cambrian, Olenellus beds. 5· Middle Carnbrian, Dolyckometopus 
beds. 6. Upper Cambrian. Crepicepkalus and Lower Ordnvieian beds. 4-6 in Appala

ohian geosyncline. 

a. Over-lapping Middle Cambrian and later beds on Old Land, as in St. John 

New Brunswick. b. Over-lap o f Proto/emu Beds, as at Lausitz Mountains. c. Great 
over-lap of Middle Cambrian and later strata on the marginal plain, as in Bohernia. 

d. Disconforrnable super-position of Upper Cambrian and Lower Ordovician on the 
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Characferistic Section 

Section I. MaJtue/s Brook Newfoundland. On the 
Avaion Peninsula of S.  E. Newfoundland, the Cambrian 
beds have lang been known from Mannel's Brook and Con
ception Bay. The total thickness of the Lower Cambrian, 
excluding from this the Profolenus beds, is not over 60 
feet. Resting upon the old rocks is a series of conglame
rates 18 ft. in thickness. At the FaUs of the brook ''lt 
constsis of well-rounded boulders and pebbles apparently 
deri ved from the adjacent pre-Camhrian, with the interstices 
between them filled with sand. It is coarsest at its base, 
where som e of i ts boulders ar e said to measure as much 
as 12 f t. in diameter (Dale) and grades upward through 3 
ft. of limy sancistone into a shaly pyritiferous pink and 

Lower Cambrian as in North Scotland, west New Foundl::md, and many other parts 

of the Appalachi:m geosyncline, where the Middle Cam!Jrian is only preserved in 

the center of the geosyncline. e. Extensive over-lap of C:m1b rian and Lower 

Ordovician on the marginal plain, as in many parts of Canada and the United 

Stat es. 

II. Section along the line A-B or C-D on Fig. 2, showing approximately the 

conditions a' they exist today, after the separation of lhe lands and the birth of 
t he Atlantic Ocean. 

S. L. Sea-level of North Atlantic Ocean. h 2, 3• the strata of the Caledenian 

geosyncline, folded in the British region. 4· Lower Cambrian; 6. Upper Cambrian 

and Lower Ordevieian in disconformable relation to the Lower Cambrian, and littie 

disturbed at North Scotland. (d). b. Position of Lausitz Mountains; c Bohemia. In 
both plases, Middle Cambrion overlaps Lower. 

III. Section along the line E-F on Fig 2• showing approximately the present 

position, after the separation of the continents and the birth of the Altantic. 
S. L. Sea.level of the Atlantic on the American coast. h Lower; 2, Middle; 

3· Upper Cambrian and Lower Ordovician, on the Atlantic c�ast as at Mannel's 

Brook N. F. These are .remnants of the Caledonian r,eosyncline. 4 Lower c�mbrian, 

5 Middle Cambrian, 6 Upper Cambrian and Lower Ordnvieian of the Appalachian 

geosyncline, all in disconformable eontact and extensively folded. 

n. Overlap of the Middle Cambrian Proto/mus and Parado:xidn beds at St. John 

New Brunswiek. e. Extensive overlap of the Upper Cambrian and Lower Ordovieian 

in Canada and the United States. 
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blue l imestone containing great numbers of what are proh
ably pteropods. " l 

Sueeecding these beds are olive-gray shales mostly 
concealed, with some red shales and l imestones higher up, 
followed by :34 ft. of hard olive shale which apparently 
belong to the horizon of Metadoxides C Catadoxz"des) mag
nificum Matthew, which normally belongs above the Protolenzts 
zone and is here inelucled with the Middle Cambrian. 

The contact between these and the underlying beds is 
regarded by Dale as a disconformable ane, while Howell 

Cloe, cz"t, p. 25) describes it "as certainly a very uneven 
one; but the beds seem sametimes to grade into each 
other" . If th1s disconform i ty exists, i t represents the 
hiatus between the Lower and Middle Cambrian elsewhere 
recognized . The total thickness prahably is not over 25 
ft. and near the middle it contains a limestone of pinkish 
colour CSmith Point Limestone} The fauna reported by 
Walcott f rom the beds of thi s section, chiefly the lime
stones, i s  as f ollows. 

Brachz"opoda 
Paterina Jabradorica ( Billings ) 
Obolella atlantica Walcott 

Gastropoda etc. 
Sceneila reticulata Billings 
Heleionella rugosa ( Hall) 
H. rugosa var. acutacosta (Walcott) 
H. rugosa var . erecta (Walcott ) 
H. rugosa var . levis C W alcott ) 
H. rugosa var. paupera ( Billings) 

I B. F. Howell. The faunas of the Cambrian Paradoxides Beds 
of Manuels Newfoundland. Bull, of Arnerieau Pal. Vol. XI, 
1925, No. 43, pp. 24-25 
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Straparollina rexnota Billings 
Platyceras primævum B illings 
Helenia bella W alcott 
Hyolithes impar Ford 
H. pr inceps Billings 
H. quadricostatus Shaler & Foerste 
H. similis Walcott 
H. terranovicus W alcott 
Hyolithellus micans B illings 
H. m1cans var. rugosa Walcott 
Coleoloides typicalis Walcott 

Trzlobita 
Microdisus helena Walcott 
M. bellimarginatus Shaler & Foerste 
Callavia broggeri W alcott 
Avalonia manuelens is Walcott 
Ptychoparia? attleborensis Shaler & Foerste 
Agraulus (Strenuella) strenuous Billings 
Agraulus (Strenuella) strenuous var. nasutus Walcott 
Solenopleura bombifrons Matthew 
S. harveyi Walcott 
S. howleyi Walcott 

Seclion II. Ha1Zford Brook St. Martins New Brunswick. 
30 miles northeast of St. John's New Brunswick, the 
Lower Cambrian, here known as the Etcheminian, has a 
thickness of 1200 ft. and rests un conformably on the older 
rocks which in this region is a great series of ancient vol
can ics . The succession in detail is as follows (In descend
ing order ) . 
,Super formatio;z. 

Middle Cambrian beds 
Lower Cambria;z beds ( Etchemi1tian) 

3. Concealed beds . . . . . . . • . . . . . 320 ft. 
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2c. Purplish sandy shales, with a few bands 
of greenish shale, with Scolithus . . . . 300 ft. 

2b. Saft purplish-red shales, with green glau
conite grains, the upper part firmer and 
more sandy. Greenish-grey layers inter
spersed, especially towards the base. It 
con tains Platysolinites, Obolus, Volbor-
thella . . . . . . . . . . . . . . . l 7 5 f t. 

2a. Purplish-red conglomerate, more friable 
than la . . . .. ... . .. . ... . .  135ft. 

l c. Purplish-red sandstone, with greenish lay-
ers. Remains o f seaweeds ( Phycodella) 
animal tracks, ( Psrammichnites and Hel
minthites) and worm burrows (Arenico-
lites) etc. . . ... . . . . . . . . . . 

l b. Grey and purplish flags an d sancistones 
with worm casts, seaweeds (Palæochorda 
and Buthotrepkis) and numerous spicules 
of sponges .. . . . . . . . . . . 

la. Coarse purplish-red conglomerates. 

Uncon:formity. 

Subformz.ty 

240 ft. 

70 ft. 
60 ft. 

Pre-Cambrian. Coldbrook Group of anygdaloidal green
stene. 

Among the fossils of this series only a few have been 
positively identified. These include. 

Obolella nitida Ford 
Acrotreta gemma Bi llings 
Lingulella cælata (Hall) 
Hyolythellus micans Billings 
Coleolides typicalis W alcott 
Hyolithes americanus Billings 
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At St. John New Brunswick, the ent ire Etcheminian i s  
wanting, the Cambrian beginning with about 150 ft. of red 
and greenish shales resting with a basal conglomerate upon 
the older beds and followed by the St. John quartz ite, which 
probably corresponds to the Proto/mus horizon, here placed 
at the base of the Middle Cambrian . 

A much greater development is found of Cape Breton 
Island.l On Mira Bay on the eastern coast Mathew found 
from 3,000 to 5,200 ft . of the Etcheminian beds mostly 
argilluti tes and in part red. These rest with a basal con
giornerate on the oleler rocks. Traced westward, the section 
decreases apparently by overlap, until at East Bay on Bras 
d'Or Lakes, 20 miles further west, only 500 ft. of Etche
mrman occurs. In both Joealities there seems to be an 
erosion interval between the Etcheminian and the overlying 
Midelie Cambrian, thi s  perhaps accounting in part for the 
difference in thickness, though most of that is  undoubtedly 
due to progressive westward overlap, and failure of the 
lower beds. 
Sectz'on III .l:.aster1z ./V!assachusetts. In the region around 
Boston, a considerable thickness of argillaceous and calcare
ous strata is referable to the Lower Cambrian, but they 
are nowhere in undoubted contact with the Midelie Cambrian 
Paradoxides Beds. The more prominent of these sections 
are at East Point Nahent, Mill Cove Weymouth and North 
Attleborough. In the former, the chief formation is of 
white limestone almost of marble, interbedded between 
basaltic or diabasic  flows. In the Weymouth region near 
Braintree, the exposures consist of purplish shale les s than 
l 00 f t in thickness and showing no relation to other beds 

I G. F. Mathew Report on the Cambrian Rocks of Cape Breton. 

Canadian Geol. Survey Ottåwa 1903. 
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since they crop out through a glacial sand plain In North 
Attleborough further south, there are beds of siates and 
pinkish limestones the thickness of which has been estimat� 

ed at 2,000 ft. though that may be excessive.l Other 
loælities in which fossils have been found are in Rowley 
and Topsfield Massachusetts. From various portions of 
the harbour fossil�bearing Lower Cambrian rocks have been 
obtained, ei ther underlying the harbour or belonging to 
glacial drift. To the latter ætegory probably belong a 
number of boulders of red limestone, found by Dr. Thomas 
A. vVatson at Cohasset and Nahant. These contain a typical 
Lower Cambrian fauna which I deseribed in l \:lO O,; and 
recogni zed as identical with the fauna of the Smith Point 
limestone of Newfoundland to which the boulders also cor� 
responded lithologically. I then suggested that these boulders 
were ærried by the Pleistocene ice from this elistant 
northern locality. In the foliowing table, the species from 
some of these Joealities are listed. 

The Joealities are as follows. 

a. North Attleborough Iviassachusetts, Stations l, 2, 3. 

b. Glacial boulders from varions parts of the coast. 

c. White limestone of Nahant. 

d. Red siates and limestones from Mill Cove Weymouth . � 

e. Dark purplish siates of Pearl Street, North Weymouth.3 

I N. S. Shaler and A. Foerste, Bull Museum of Comparative 

Zoology Cambridge, Vol. XVI, No. z. 
2 A. W. Grabau. Palæontology of the Cambrian Terranes of the 

Boston Basin. Occasional paper of the Boston Society of Natural 

History. Vol. IV, Part III, pp. 6o1-694, Pls. 31-38 
3 Henry T. Burr. A new Lower Cambrian Fauna from Eastern 

Massachusetts. Arnerieau Geologist Vol. 25, pp. 41�5o, 1900 
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Brachiopoda 
l. lphidea bella (?) 
2. Obolella crassa 
3. Obolella atlantica 
4. Acrothele woodworthi 

Pelecypoda 
;). Fordilla troyensis (?) 
6. Lamellibranch (?) 

Gastropoda 
7. Sceneila reticulata 
8. Scenelia ( ?) sp. 
9. Platyceras primævum 

l O. Platyceras deflectum 
11. vVatsonella crosbyi 
12. Raphistoma attleborensis  
13. Straparollina remota 
14. Stenotheca ( Heleionella) 
1 5. Stenotheca ( Heleionella) 

stra 

abrupta 
curviro-

1 6. Stenotheca ( Heleionella ) pauper 
l 7. Stenotheca ( Heleionella ) levis 

H yol ithz"dre etc. 
18. H y o li thes princeps 
19. H. exeellens 
20. H. quadricostatus 
21. H. arnericanus 
22. H. b illingsi 
23. H. seJ.rsi 
24. H. communis 
25. Hyoli thes irnpar 
26. Ortho::heca cylindrica 

l a j b l c j d l e 

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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Continued l aJb l c l dJe 

27. o. emmonsi x ? x 
28. o. (?) foerstii x x 
29. Hyolithellus micans x x 
30. Urotheca pervetus - - - - x 
31. SaltereJla curvatus x 

Crztstacea 
:i2. Aristozoe (?) x 
3 3. Callavia burri - - - - x 
34. Callavia crosbyi - - - - x 
35. Olenellus? walcotti x 
36. Microdiscus bellimarginatus x 
37. Microdiscus lobatus x 
38. Microdiscus, cf. M. helena - - - - x 

39. Strenuella strenua x x - - x 
40. Ptychoparia (?) attleborensis x 
41. trails. - -· - - x 

The European Sections 

The Caledonian geosyneline of North-western Europe, 
may be regarded as the eastern extension of the Atlantic 
geosyneline o f America, these being now separated by 3 5o 
or more of latitude. The Welsh and Western England 
sections as well as those of Seandinavia represent the 
western or Old Land portion of the geosyncline, while the 
North German and Polish regions represent the broadly fiaod
ed marginal plain. In the former, the deposits are partly 
clastic where the land was high, partly they occur in thin 
over-lapping wedges. In the region of the marginal plain, 
they too are represented by the thinner deposits and also by 
successive over-lapping beds, but these extend much farther. 

We will take the sections in general from west-eastward. 
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Section V Wales. Here the Lower Cambrian C:1rfai 
and Lower Harlech consists entirely of clastic beds, the 
greater part of which is of confinental origin, though some 
Olenellus and Litzg-ulella ferruginea have been found. The 
thickness ranges from 450 to 1200 meters (1500-4000 ft .) 
and comprises an alternation of coarse grey-wacks and red 
or vari-coloured shales. Much volcanic material also occurs. 
W orm-tubes ( Scolithus) are however, not uncommon. In the 
northern part of North Wales, the series is of less thick
ness and consists chiefly of variegated shales with thin 1ayers 
of fine-grained sandstone. The Midelie Cambrian Solva 
and Menevian succeecl with a thickness up to 830 meters 
(27()7 ft.). 
Section VI. The Midtand District. In the Midiand dis
tricts of England, the sections are often very incomplete, 
parts of the Middle and Upper Cambrian being locally 
wanting, and Ordovician or Silurian rests disconformably 
on Middle Cambrian . The total thickness is not over 
400-600 meters. (1300-2000 ft). It begins everywhere 
with conglomerate and quartzites, the pebbles generally 
composecl of the underlying pre-Cambrian rocks. The 
upper part of the quartzite and sanelstone series i s  glau
conitic and in eludes limestone beds. In these and the 
intercalatecl quartzites, Hyolithes, Kutorgz"na citzg-ulata, and 
other Lo,ver Cambrian fossils have been found. Higher up 
are two limestone bands the lower with Callavia callavii, 
the upper with Protolemts, Microdiscus bellimarginatus and 
M. lobatus. This latter apparently represents the Pro
tolenus zone. The sueeecding Paradoxides beds are some
times separated from the Lower Cambrian by a discon
formity . The total thickness of the Lower Cambrian does 
not exceed 150 meters or about 500 ft, while the Middle 
Cambrian may reach a thickness of 600 meters or 2000 ft. 
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lt should be noted here that the Protalenus ;!:One, 
wh.ich I woulc;l place at the base of the Middle Cp.mbrian 
has a wide distribution, extcnding f rom England ea:stwarc;l 
to the Lausitzer Mountains on the northern border of 
Bohemia and still farther east into Poland, whereas it is 
wanting in Sweden. This I hold marks the transgression 
of the Middle Cambrian Sea, which becomes even more 
ex.tensive in the succeeding stages as shown by the over
lapping Paradoxides Beds of Bohemia. I would place the 
great disconformity which marks the Lower Cambrian re
treat below the Protalenus zone. 

In the Malvern Hills of West England, ( Long. 20 20' 
V.l, Lat. f>20 52' N) the succession of formations is as 
f ollows in descending order .1 

D. BRONSII. SIIALH; 

4. Upper gray sha!es with Dz.ctyonema 
sociale, Parabolinelia etc. 500 ft. 

3. Coal Hz"!! Band. Gray shales, with 
interbedded diq.base with Dictyonema 
sociale the shales having a thickness 
of about l 00 ft. 250 ft. 

2. Lower Gray sha!es, with Lingulella 
and Tomacu!um problematz"cum Groom 
(Thought to be trilobite eggs) 250 ft. 

1. Lower sha!es, with "Middle" igneous 
band; shales with intercalated basalts. 
A few imperfect Lingulellas have been 
found 300 ft. 

I Theodore Groom. The sequence of the Cambrian and associated 

beds of the Malvern Hills. Quarterly journal of the Geo!. Soc., 

Vol. 58, pp., 89-135, 1892. 
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C. WniTE-LEAVED-0AK snALES 
These are chiefly dark shales and divisible into the 

foliowing series: 

4. Upper Blac!� shales with Sphæropthal
mus alatus Boeck, Ctenopy ge bisulcata 
Phillips, and Agnostus trisectus Salter. 150 ft. 

3. Upper Wlzz"te Leaved-Gak Igneous 
Band. Olivine basalts, interbanded 
with dark shales, otten bleached white. 
Sphæropthalmus alatus Boeck, common. 
Basalts about 200 ft. thick. 300 ft. 

2. Lower Black shale. With Sphærop
thalmus aiatus Boeck, Cte1zopy ge 
bisulcatus Phillips, Ct. pecten Salter, 
Peltura scarabæoides Wahlenberg 250 ft. 

l. Lower White-Leared-Oak Igneous 
Band. Coarse glauconitic quartzose grits 
and black shales interbedded with sills 
of basaltic rock; ( about l 00 f t. of 
basalts ) · The only abundant fossil is 
an ostracod, Polyphyma lapworthi 
Groom. 150 ft. 

Hiatus and Disconformz.ty 
B. HoLLYBUcii sANDSTONE. 

This consists of the foliowing mernhers in descending 
order. 

b. Massive Sandstones 
3. Green sandstones, containing Scole

coderma antz"quissima, with a zone 
of dark-green sancistone and thin 
conglomerate layers, dark-gray quart
zite, and light-grey sandstone, with 
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S. a�diquissima, (Salter), Paterina 
phillipsi (Holl), Aerofreta sagittalis 
Salter?, .!Iyolithes .fistula ( Holl) , 
H. primaevzts Groom, H. malvern-

89 

ensis Groom, etc. about 650 ft. 
2. Gray, dark-gray or black sancistones 

and quartzites, alternating with green 
and dark-green sancistones and a 
thin impure, limestone near the base, 
contains S. antiquissima Salter, about 400 ft. 

a. Flaggy and shaly Sandstones 
l. Flaggy and shaly green sancistones 

with one or hvo thin calcareous layers 
and a thin impure limestone, pass
ing up into more massive gray or 
green sandstones, and grading down 
into thc underlying Malvern quart
zite. The fossils found are: Paterina 
phillipsz· (Holl), Aerofreta sagittalis 
(Salter), Obolella groomi Matley, 
Seoleeoderma antiquissima Salter. 

A. MALVERN QUARTZITE. 

75 ft. 

Compact quartzite to coarse conglomerate, with frag
ments of white quartz, metamorphic quartzites, felsites, 
rhyolites? granites and granophyres. The fossils are: 
Paterina phillipsi ( Holl ) 
Obolella groomi Matley 
Hyolithes primævus Matley 
Orthotheea .fistua ( Holl ) 
Glauconite casts of foraminifera 

All the fossils of the Malvern quartzite also occur in 
the Hollybush sancistone and with the exception of Seolc
eoderma antiquissima and several new species of .!Iyolithcs 
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as well as the questionably identified Acrob·eta sagittalis, 
all the Hollybush sancistone species, also occur in the Mal
vern quartzite, while none occur in the White-Leaved-Oak 
shales, except Obolus (Bro,�geria) salteri Holl . Walcott 
( Cambrian Brachiopoda p. 236, ref. 304 g,) refers the 
Hollybush to the Up per Cambrian ( see also page 1 3  5) 
but this is certainly not borne out by the list of species 
given by Groom, and according to which the Hollybush 
sandstone, both the shaly and the massive series, are refer
able to the Lower Cambrian This i s  also shown by the 
gradation of the Malvern sancistone into the Hollybush sand
stone, and the abrupt change from the Hollybush to the 
White-Leaved-Oak shale. According to Groom "The strik
ing contrast between the Hollybush sancistone and the \Vhite
Leaved-Oak, seen everywhere, even along the line of contact, 
and the circumstance that along the greater part of this 
junction, the Hollybush sancistone is the dark type, supposed 
to characterize a low horizon in the formation, suggest 
that beds are missing along the line of contact , owing 
either to unconformity [disconformity] or faulting." l 

The \Vhite-Leaved-Oak shales are clearly Upper Cam
brian and the Eronsil shales are Tremadoc. This cuts out 
the J\1iddle Cambrian entirely and separ<Jtes the Lower and 
Uppcr Cambrian by a great disconformity or fault. 

The Comley Dz.strict which is situated in Western 
Shropshire England ( approximately in the region of Long. 
2�1 30' W, Lat. 520 30' N) contains one of the best known 
sections  though the exposures in the Comley quarry and 
surronnding regions are very inadequate, and the develop
ment of the Lower Cambrian i s  extremely sl ight. The 
total thickness is only 483 ft, almost the whole of which 

1 Groom. loc. cit. page 104. 
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is sandstone. The succession according to Cobboldl 1s as 
follows in descending order. 

SuPERFORMA1'ION Middle Cambrian Paradoxides Beds. 
Disconform-ity with erosion down to beds Ab4• 

LOWER CAMBRIAN 
Ad Lapworthe!!a 1-imestone. . . . . . . . . 0.5 ft. 

Calcareous and phosphatic granular 
material, with a fauna mostly of dis
tinet species, including the cephalo
pod ? Lapworfhe!!a nigra and the 
ubiquitous Hyoh'fhe!!us micans which 
passes into the Middlc Cambrian. 
(For full fauna see Table III). 

Ac5 Profolenus lz'mesfone. . . . . . . . . . . 0.5 ft. 
Black to gray compact, phosphatic 
limestone with the Protolenus fauna, 
mostly of f orms not f o und in the 
lower horizons although a few occur 
as shown in Table Ill.2 

Ae 4 Sfrenue!la lz'mesfone. . . . . . . . O. 7 5 f t. 
Gray-- to red-purple gritty limestone 
with phosphatic inclusions, characteri
zed

. 
by several species of Sfrenul!a, 

Mz'o-orliscus lobatus and 111: specios·us 
and fragments of Callavia cf. calilVz'i 
which also occur in the Profolenus bed. 

Ae" 11-fz'crodz'scus bellimart:z'natus Hmestone .  l. 75 ft. ,, < J  

Gray and pinkish limestone with much 
phosphate in places . Contains a 

L Edgar S. Cobbold. The Cambrian horizon of Comley. Quart. 
Journ. Geol. Soc. Vol. 76, 1921, pp. 325-386, 4 plates. 

2. The status of this fauna will be more fully discussed in a 

subsequent paper. 
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typical Lower Cambrian fauna with 
Pater-ina labradoriea, Eod-iscus bell-i
mar ginatus, Collavz"a cobbold-i and 
fragments of C. callav-ii besides be
sides others given in Table III. 

Ac2 Olenellus limestone . . . . . . . . . . . 

Acl l 
l 

Ab4 l 

Purpie nodular limestone, with several 
varieties of Micmacca el-ipsocephaloi
des, Microdiscus atteborens-is, Callavia 
callavii, and C. cartlandz·, as well as 
Paterz"na labradorica and other species. 

Ab::� r Lower Comley Sandstone . . . . . . . 
Ab2 l 
Ab1 j Various froms of greenish to reddish 

sancistones with some nodular calcare
ous beds, with conglomerate beds at 
the base. lt ineludes the Callavz·a sanci
stone at the top. the Holmiasandstone 
at the middle and the Obolella groomz· 
beds. ( Ab1 27 f t. thick) at the base. 

2.5 ft. 

477 ft. 

The fauna is similar to the overlying beds except m 
the basal series, which contains many new species as given 
m Table III. 

Aa T-Vrekin quartzite. . . . . . . . . . . . 22 ft. 
Yellow quartzite grading down into 
compact bltie quartzite, conglomeratic 
:.t the base. 

The Wrekin quartzite is correlated with the Malvern 
quart.zite of the Malvern Hills and the Park Hill quartzite 
of Nuneaton. The Lower part of the Lower Comley sanci
stone is correlated wi th the Hollybush Sa.ndstone of the 
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Malvern Hills and the Tuttie Hill quartzite of Nuneaton. 
The Olenellus limestone is correlated with the Camp Hill 
quartzite of Nuneaton. 

On the opposite shore of the geosyncline, in the 
Iberian Peninsula and in Brittany, the evidence of the exist
ence of Lower Cambrian beds is found. In Eastern Por
tugal, at Monte de Valbon, Northeast of Villa Boim, Pro
vince of Alemtig ( Long. 70 1 5' W ., Lat. 380 50' N) a 
series of strata has has been found which contain numerous 
Middle Cambrian fossils, including Paradoxides, and the 
foliowing brachiopods, which are referred by Walcott to the 
Lower Cambrian. 

Acrothele villaboz"mens·is Delgado. 
Delgadella lusitan·ica (Delgado) 
Lingulella delgado-i Walcott.l 

Fordilla troyensz·s is also reported and questionable species 
of Olmellus, but with the exception of characteristic species 
of Paradoxides (P. aff. abenacus, P. aff. sjn"nosus, P. aff. 
tcssim) , the fossils are mostly new and unknown in Lower 
Cambrian strata elsewhere. The question then arises, are 
the brachiopods reported referabie to the Lower as Walcott 
considers, or should they be regarded as l\1iddle Cambrian 
species. If the latter, then it is probable that this region 
was not covered by the Lower Cambrian Sea. (In Figs. l 
and 2, this region is not inelucled in the geosyncline, but 
in Pl. I i t is included) . 

In Brittany, on the northwest coast of France, the 
Cambrian rest unconformably and transgressively on the 

1: J.· F. N. Delgado 1904. Faune cambrienne du Haut Alemtejo. 

Communicatoes de Commissas de Servico Geologico de Portugal 
tome 5 fase. 2, pp. 307-374; with plates. 
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f olded and eroded pre-Cambrian. Both in Brittany anQ. 
Normandy, the Cambrian is very i ncomplete and almost un:
fossiliferous, sometimes absent altogether. Red congloroe
rates followed by red shales and arkoses usually represent 
the Lower Cambrian followed by shales, quartzites and 
limestones of Middle Cambrian age. Archæocyatkids and 
Ptychoparia have been obtained from some · of the higher 
beds, but their exact position is not noted. Many volcanic 
rocks also occur and this region evidently marks the shor� 
facies, there being a complete absence of the Cambrian in 
the Central Plateau. On the other hand, in the Montagne 
Noire of Southem France, the Lower Cambrian seems to 
be represented by sancistones with Kutorgina, followed by 
the Paradoxides beds. The entire Cambrian series, of 
which the fossiliferous beds are mainly represented by the 
Middle Cambrian, has a thickness of about 2,000 meters 
or 6, 700 f t. I t is at present impossible to determine the 
exact palæogeographic relationship of these Lower Cambrian 
beds. They may have been deposited in a Mediterranean 
geosyneline in which the Paradoxides beds of this section 
as well as those of Sardinia, with the overlying Olenapsis 
beds were d epos i ted. 
Section VII. The Southern Norway Sections. In Southern 
Nonvay i.e. the Christiana or Oslow region, the Lower 
Cambrian is absent, the Middle Cambrian resting with a 
basal conglomerate upon the old rock, both Upper and 
Middle Cambrian having here a thickness of 7 5 meter or 
250 ft. 

Farther north however, in the region of Lake Mjosen 
(approximately Long. 11 o E. Lat. 60G 30' north) th� 
Lower Cambrian has a thickness of 60 meters or about 
200 ft. Here the succession is as follows in descending 
order. 
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Western Fades 

SuperformatiNz: le-d. Alum shales of the lVIiddle Cambrian 
Dis conformit y 
Lower Cambrian GO meters, 200 ft. 

l bj1. Green shales and limestones with Strenuclla 
linnarssoni 

l ba. Green shales, with Holmia kjeruifi 
l a;3. Green shales, with Volborthella tenuis. 
laa. Basal ca.lcareous sandstone, with Discinella !to! sti 

Disconform il y 

Sinian quartzi tes 

Eastern Facies 

Superformation. Middle Cambrian. Alum Shales. 
Lower Cambrian about 60 m. (200 ft.) 

l b,B. Green shales and limestones with. Stre;zuclla 
linnarssonz" 

l ba. Green shales with Holmz"a kjeruifi 
lajl. Sandstones with Platysolenites antiquissimus. 
laa. Basal sandstones and conglomerates. 

Disconformity 

Quartzites of Pre-Cambrian. 

At Tromton, the Middle Cambrian is disconformably 
preceded by sandy Strenuella l imestone below which lies 
gray Holmia shale, which in turn rests upon older quartzites. 

In Ustaoset the section is as follows in descending order. 

0RDOVICIAN PHYLLITEs 

Disconformity 

MIDDLE-UPPER CAMBRIAN ALUM SHALES 

l)isconformity and great hiatus 
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Mmm.E CAMBRIAN? Sandstones and conglomerate s  1.05 m. 
lJiscon�orr.nit;v. 

LowER CAMBRIAN. 
Limestone and lime sancistone with Strenu

ella lin.narssoni, Toreliella lævigata, 
H;volithes, Nisusia etc. O. 70 m. 

Shaly sancistones and conglomerates 
lJisconforr.nit;v 

TELLEMARK FORM-\TION 

At Finse the foliowing beds are shown 

3 Altered Alum shale, with lJict;voner.na �labellijorme 
Disconformit;v and great hiatus. 

2 Basal conglomerate, with Toreliella lævigata (Lower Cam
brian) 
Unconforr.nz't;v. 

l Red granite etc. 

The irregularity of the shore line which is here indi
cated by the lesser development of the Lower Cambrian 
basal beds, in the Oslow region, than in the M j osen region 
farther north, is probably due to post-Lower Cambrian erosion, 
bef orc the over lap of the Middle Cambrian series occurred. 

VIII. The Southe1'1z Swedm Section. The Swedish 
sections have been studied in more detail than others in 
this region, but they are developed in only very slight 
thickness. The Lower C:-tmbrian of the Ancirarum section 
of Scania in Sweden l has a total thickness o f l O 3 meters 

I J. C. Moberg. Guide for the principal districts of Scania. Geol. 
Foren. i Stockholm. Forhandl. Vol. 32, Heft l, Jan. 191 1 
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( 3 4 5  ft. ) .  It begins with 1 00 meters of basal sandstone, 
without fossils, which however, are referred to the zone of 
Schmidtiellzts torelli Mbg . found in equivalent beds at Sim
rishamn, where these underlie the graywacks with Holmia 
kjeru(fi Linrs. 

The basal sandstone i s  succeeded by from 1 - 2  meters 
of graywacke shales, with Holmia kjeruifi, Ellipsocephalus 
nordellskioldi Linrs, (the most common fossils) Ario;te!lus 
primævus Brogger, Hyolz"thes sp, and Lingulella nathorsti 
Linrs . This is succeeded by phosphoritic l i mestones of 
slight thickness, at times replaced by light gray shales , or 
dark quartzite-l ike sandstone, which also contains phosphor
ite . Fossils are rare, a Lin gulid having been found in the 
1imestone and Littgzdella and Acrothele bellapu!lctata in the 
sandstone. Thi s  bed is often wanting, and the entire series 
is separated by a disconformity from the overlying Middle 
Cambrian beds, which begin with alum shales, referred to 
the Paradoxides oelandicus zone. 

In the Kinnekulle, on Lake Venern, the Cambrian has 
a total th ickness of l 7 7 . 3  ft . It rests on gran ite, which was 
more or less decomposed, probably before the Cambrian 
transgression, and begins with the so called Mickwitzia 
sandstone, which contains Mickwitzia monilifera, Medusites 
lindstromi, M. favosus, M radians, besides the raised 
trail casts on the under s ide of the sandstone, known 
as Eophyton. The sandstone moreover contains wind-wom 
pebbles or "dreikanter" ,  sl10wing that i t  was a wind-blown 
deposit in pre-Cambr i:-tn time. 

This is succeeded by the Lingulella sancistone 20 
meters (65 . 6 ft .) in thickness. Then follows a d isconformity, 
and 6.4 meters ( 2 1  f t. ) of Middle Cambrian, a bove which 
in tum, after another disconformity lies the, Upper Carit-
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brian 1 5 . 6  meters ( 5 1 . 1 7  ft. ) . Then follows the Ceratopyge 
limestone, 2 meter or 6.5  ft. in thickness. l In the Dalarne, 
Jamtland and Oeland region, the M i ddle or Upper Cambrian 
or even the Lower Ordovician rest directly on the old 
crystalline rocks . 

IX. Esthonia. At Reval, on the coast of Esthoni;:t 
the beds w ith Mickwz.tzia monilzj"era and Medztsites lz"nd
strom i  are underlain by an unfossiliferous blue clay, wh ich 
at s � .  Petersburg -is l 00 meters in th ickn ess and passes 
downward into basal sands, which rests unconformably upon 
the gneiss and granites. This clay represents an older 
portion of the Lower Cambrian than that shown in Sweden, 
where there is progressive over-lap, the basal sand rising 
in all cases in the series, so that in the north-westernmost 
region, the beds with Holmia kjeruifz", eventually rest upon 
the basal beds. The former belong above the JV.fz"kwitzz·a 
hori zon and are absent in the Esthon ian and Russian re
g:ons. The Lower blue clay ts referred to the hori zon of 
JVfesonacis m-z"ckwz.tzi. 

It is evident, that only a very small portion of the 
Lower Cambrian Sea transgressed across southern Sweden 
and the Esthonian border of the Finnish old land, the· 
deposits nowhere being of very great thickness and mostly 
of clastic character. On the other hand due south on the 
n orthern border of Bohemia in the Lausitzer Mountains, 
the Protolenus beds are the lowest beds of the Cambrian, 
resting directly on the older rocks. Between these two· 
points then, in North Germany, must have been the deeper 
portion of the geosyncline, though this  region is generally 
assumed to carry no Cambrian deposits, especially since 

l A. W. Gra:bau. Bull. Geol. Soc. America.  Vol 27, p. 588, ;1916.' 
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the Cambrian is wholly abserit in the Hartz. Von Bubnoffl 
however, conducles that under the North German low plain, 
there must be Cambrian developed to a much more com
plete degree than in Scania. lf this is not the case, it  
would seem that the connection benveen the Polish and 
the British region was an exceeding slight onc and re
peatedly interrupted. 

X. Poland Section. In that portion of Poland 
bounded by the Vistula on the east and the Pellica on 
the north and west ( approximately 200-2 2 0  east, and 
500 3 0' -5 1 0  30' north,) with Kielce approximately as the 
center, a rather complete series of Cambrian including 
Lower, Midelie and Upper, as well as Ordovician, Silurian 
and Devonian and even Dinantian strata are exposed, though 
there are many disconformities. The Lower Cambrian 
shows the foliowing succession in descending order. 
Superformatz"on. Pratolenus zone, with an abrupt change 

in fauna. 
Disconform i ty? 

Lower Cambrian 
3 .  Sandy shales, with "fucoids" but with a scarce 

marine fauna comprising Holmia sp, Strenuella primæva, 
Strenuella kiaeri, Hyolz"thes sp. This . seems to correspond 
to l. b, Ø of Sweden . 

2 .  Olive green and yellow shales with sanelstones 
containing a rich fauna, including 

Holmia kjeruifi, 
Holmz·a walcottz", 
Kjeruifz"a lagowz"ensis , 
Strenuella polont"ca, 
Strenuella prz"maeva, 

I Geologie von Europa Vol. 2, Part I, p. 672. 
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Conocoryphc vistu/æ 
H·ippom"charion cos, 
H. subquadratus, 
H. gracilz"s, 
Bcyr·ichi1ta hngua, 
B. dcpressa, 
Lin;rulella sp. 
Obolella rotzm,data 
JVIickwitzia kjelcensis, 
Heleionella rugosa, 
Hyolithes z•ariabilis, 
If. complanatus, 
H. trigonalc, 
Torellelia laevigata, 
Cruzimza. 

This comprises many endemic forms, but the equival
ency with zone l b fl.  of Seandinavia is apparent . 

l .  Dark-green shales, with quartzite layers. Contains 
Holmia sp, Toreliella lævigata, Hyolithes zbelutkensis, 
Volborthe!la cf. te11,uis . This corresponds to the Scandinavian 
zone la, with Schmidtiel!a torelh. 

This is  the last of the sections in Europe in which 
Lower Cambrian beds are exposed, and the question arises 
what is the source of the Lower Cambri<m faunas of 
this and of the American Atlantic coast. lf the Atlantic 
had been in exi stence at that time we might assume that 
ocean to have been the soutce of the faunas, in which case 
we must extend a narrow Caledonian land mass from New
foundland to lreland, the Scotti sh Highlands and Non•Jay, 
north and west of which lay the sea with the Olenellus 
fauna, and to the south of it the Holmia-Callavia ocean. 
If however, the Old and New World were in contact, and 
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the present outcrops are separated parts of parallel geo
synclines, the Caledonian on the southeast, the Appalachian 
on the northwest, we must seek for the source of the fauna 
in another water body , since it is evident that it could not 
develop in a geosyncline, which was only flooded for a 
short time, and in which the characteristic faunas appear in 
the lowest marine beds. There seems n o escape f rom the 
condusion that this fauna must also be of Boreal origin, but 
so far removed from the Olenellus fauna, that littie or no 
intermingling could take place. This would · imply that the 
continental shelf, which bordered the lands, \Vas discon· 
tinuous. The only region known, which could possibly 
supply such a distinct fauna, is that portion at present 
bordering the shore of northern Siberia. We know that 
the Irkutsk Basin was flooded in Cambrian time and that 
thick Lower Cambrian deposits were formed there, but un
fortunately we have practically no record of the faunas of 
these beds. In previous publications, I have referred this 
to the Ollenellus sea, largely because of its Boreal connec
tion, but it now seems more likely that the continnation 
extending acro�s western Siberia �nd eastern Russia, joined 
this body to the Caiedonian geosyneline now only known 
from sections as far east as Poland. This connection must 
have been across some portions of the Urals, with which we are 
not yet familiar or else the dcposits formed there were eroded 
again in post Cambrian pre-Devonian time. ( see map. Pl. I) 

We will next consider one or more of the charac
teristic Lower Cambrian sections of the lrkutsk Basin of 
Siberia. 

The Irkutsk Bas·in 

This great Siberian Palæozoic area lies between the 
Yenissei River on the west, (approximately 900 Longitude) 
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and the Lena River on the east, ( approximately 12 50 Longi
tucle) . lts southern boreler is in the region of Lake Baikal 
-and lrkutsk on the Trans-Siberian Railway, ( approximately 
Long. 1040 30' East and Lat 420 30' N). The region 
was surrounclecl in early Palæozoic time by a continuous 
horse-shoe shapecl band of olcl land next to which on the inside 
was a geosyncline, the strata of which are now more or 

less foleled over to the center of the basin.l Near the 
center of the basin, they are less elisturbed and exposed on 
the banks of the Angara and other rivers which have trans
ectecl them. The formations range from the Sinian to the 
Silurian and these ar e clisconf ormably succeeded by very 
late Permian continental beds. 

A nearly complete section of the Lower Cambrian has 
recent:ly been measureel by S. Obrutschew Jr. along the 
Angara River, between the cat:aracts and the Yenissei. 
Here the Lower Cambrian with a thickness ranging from 
3,210 to 4,130 meters (10,700-13,767 ft. ) is separated 
from the Sinian Beds by a fault and hence prob:tbly cloes 
not show the beginning of the series. The total succes
sion of the Lower Cambrian as summarized by Vv. A. 
Obrutschew in his Geologie von Sibirien (p. 86) is as 
follow� .. 
Up per Divz"sion. ( 9 30-1130 meters) 

9. Red series of Mount Totschilnaja. Thick
bedded, reel, yellow and gray sandstones, 
lilac coloured at the base, and violet and 
green mar1s and thin-bedeled sandstones. 200 m. 

I These folds are rep::>rted by Suess, though Obrutschew has ques

tioned their cxistence and therefore the correct interpretation of 
the margins of thesc basins as a series of geosynclines. 
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Covered Interval 
8. Red senes of Kokuisk 

e. gray dense dolomite5 70 m. 
d. red dolomitic sand-

s tone 10 m. 
c. green yellow and Iilac 

dolomites with marl 
layers. 100 m. 

b. Red heavy - bedded 
sandstones 250 m. 

a. Gray sandstones, with 
quartzites below 100 m. 

C overed Interval 
7. Red Set \es of Bykowsk 

c. Gray dense dolomite 50-100 m. 
b. Red sandstones with 

conglomerates of do
lomite shale and red 
iron-stone at the base 100-200 m. 

a. Black do1omites, gray 
limestones and gra-
phite shales. 50-100 m. 

Lower Division. (2280-3000 meters) 
6. Dschur River Series. 

Gray and white limestones and dolo-
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530 m. 

200-400 m. 

mites mostly with Stromatopora. 375 m. 

5. Wanitschkow River Series. 
Gray and yellow shales, with yellow 
red and varied coloured quartzites 200-1000 m. 

4. White and gray dolomites of Mand-
scha 500 m. 
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3. Shantar Shales. Black and soft shales 
with concretions of limestone. carbon
aceous in the upper part, with car-
bonaceous limestone 152-200 m. 

2. Terinsk Rapids Series. Black soft 
shales, dolomites and limestones, part
ly with Stromatoporas 

1. Grebenski-byk series. Gray and white 
dolomites mostly with Stromatoporas, 
and b1ack thin-bedeled coaly shales and 
coaly limestones 

F au! t 

Sinian Beds. 

205 m. 

750 m. 

The Middle Cambrian of this region, which has a thickness 
.of 700 meters is mostly calcareous and dolomitic . It is separ
ated from the Lower Cambrian outcrops by a covered interval. 

Although the base of this section is not exposed, it 
is nevertheless recognized as a transgressive series over 
the Sinian. The middle portion of this enormous series 
is largely calcareous, consisting of 500 meters of dolom
ites below and 375 meters of dolomite above. But be
tween the two lie from 200-500 meters of shales and 
sandstones, inelicating a period of oscillation. The upper 
930 to 1130 meters is c learly a retreatal series. Red sanci
stones predominate while the calcareous beds aggregate only 
f rom 3 7 O to 4 7 O meters o r a littie over 4 O per cent o f the 
total . Again the enormous thickness of this Lower Cam
brian series, assuming that the measurements are correct 
and that there is no repetit ion by faulting or folding, is 
'remarkable. Even without the incomp lete basal portion, 
the series aggrega tes f rom � 2 1 O to 413 O meters ( l O, 

700-13,767 ft. ) . lt thus represents beyond question a 
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single pulsation unit. When we compare it with the slight 
development of the Lower Cambrian at Andraruro in Swe
den where there are only 3 35 ft. and this mostly sand
ston es, or only about 3 per cent of the minimum thickness 
of the Si berian section ( the entire Cambrian there is 
only 454 ft. thick), we can realize that the Swedish suc
cession represents only the thin wedge of the Lower Cam
brian transgression. 

Unfortunately, very littie 'is as yet known of the 
faunas of the Lower Cambrian of these Siberian sections, 
though more is known of the Middle Cambrian fauna, 
ineluclin g that of the Protolenus zone. Kutor gina cingu!ata 
seems to be among the characteristic Lower Cambrian 
fossils, as is also Obolella cf, chromatica. Both of these 
have been obtained from the Lower Cambrian of the 
Atlantic province, though the first is more characteristic 
of the Appalachian province. 

At Krasnoiarsk on the left bank of the Yenissei 
River, ( approximate Longitude 550 30' N). A series of 
red shales, the I{atscha beds are exposed on the river of 
that name. These have been referred to the Upper Cam
brian by Obmtchew, though Bogdanovitch had classified 
them as Devonian or Silurian. They are unconformably 
succeeded by the Ursa continental beds (Dinantian ). A few 
thin beds of limestone are intercalated in the Katscha series, 
but no fossils have been found in them. 

On the opposite bank of the Yenissei, above the vill
age of Torgoshino, from l 0-15 meters of limestone, the 
Torgoshino beds, rest unconformably on the strongly folded 
pre-Palæozoic series. From these beds two trilobites 
Dorypyge s!atkowskii and Solenop!eura sibz"rz"ca have been 
obtained, besides a large number of species of Archæocya
thids 11 of which are of Sardinian species and 4 of which 
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are new. Kutorgin a sp, is the only brachiapod reported 
from these beds. If there is no fault along the Yenissei 
River, these beds pass under the Katscha series on the 
opposite bank. Their age however, is not older than Middle 
Cambrian and an early Ordovician age is not excluded . In 
any case they represent an over-lap of the later over the 
Lower Cambrian beds. 

Fossiliferous Middle and Upper Cambrian beds, inelu
ding those of the Protolenus zone, have been reported from 
many districts in Siberia, but as yet the Lower Cambrian 
fauna is very littie known. That the marginal rim was 
not unbroken throughout the whole of Cambrian time is 
shown by the occurrence of Middle Cambrian in the upper 
reaches of the Ob and Tom Rivers, and apparently by the 
occurrence of U pper? Cambrian along the slopes of the 
Tianshan as indicated by calleetions obtained by the Sino
Swedish expedition. 

Summary of the Atlanto-Caledonz"an geosyn elin e 

an d the Siberian 

extens·Z:oll 

There seems littie doubt that the East American 
Atlantic, and west European Caledonian Lower Cambrian 
deposits were parts of the geosyneline which was continuous 
when Europe and North Arnerica were still in contact. 
This geosyncline, which was of course broader than the 
present area occupied by these strata, was separated by a 
continuous Caledonian land-mass from the Appalachian geo
syncline . This land mass on the European side, is noW' 
represented by the old rocks of Scandinavia, north of the 
Lower Cambrian area, by the old rocks of Northem Eng
land, the Highlands of Scotland, and the entire mass of 
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Ireland, and on the American side by the rocks between 
the eastern and western borelers of Newfoundland and be
tween the Boston (Massachusetts), and Albany-Troy (New 
York) region of New Englctnd . This land mass was of 
course much wider than the area it now occupies , since it 
has been subjected several times to intensive folding. In 
like manner, the two geosynelines were much wider than 
the area occupied by the rocks today, for we must eliminate 
the effects of the Appalachian folding in the one case and 
the Caledonian folding in the other. The latter is chiefly 
seen in the Cambrian deposits of England and Wales and 
in those of Eastern Newfoundland and Eastern Massa
chusetts. In the portion of this geosyneline now on the 
continent of Europe, very littie if any folding has taken 
place and hence the present extent reveals nearly the 
former transgression of the Lower Cambrian Sea, except 
where post Lower Cambrian erosion has removed some of 
the strata. 

Beyond the Baltic borelers nothing is known of these 
oleler strata as they are covered by rr.uch more recent 
deposits. In only one area in Poland (Polnisches Mittelge
birge) between Warsaw and Krakow, have these strata 
again been brought to the surface and there we have the 
typical Lower Cambrian of this geosyncline. Beyond this 
however, nothing is known until we come to the North 
Siberian or Irkutsk Basin. No Cambrian strata are known 
from the Urals, where Devonian and possibly late Silurian 
beds rest directly upon the crystalline formations. 

Since however, these mountains had one elevation in 
early Palæozoic time, it is quite possible that Cambrian 
strata, \\"hich once may have exi sted her e, could ha ve been 
removed by erosion, and their eroded edges covercd by 
overlapping Devonian and later strata. 
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Unless we can connect the deposi ts of the Caledonian 
geosyneline with those of the Irkutsk Basin, we have no

recognized source of that fauna, unless indeed we must 
postulate the existence of an Atlantic · at that time, as a 
center of fauna! evolution. Though we are not yet certain, 
that the Lower Cambrian fauna of the Siberian Basin is 
of the type known f rom the Caledonian geosynelin e, we 
may so infer from the faet that the known Middie Cambrian 
fauna of that province shows a close relationship to the 
corresponding fauna of western Europe and Eastern America, 
which we refer to the Caledonian geosyneline. The dis� 
tinctness of this fauna from that of the PaJæo-Cordilleran 
and Appalachian geosynelines, indicates that the continental 
shelf of this portion of the Boreal Sea was isolated from 
the corresponding North American shelf on which the 
Olen ellus fauna had its home. In Table III will be found 
a summary of the fauna of the Lower Cambrian of this 
provmce. 

THE LOWER CAMBRIAN OF THE 

IJVDO�CHINESE GEOSYNCLINES 

In the East Cathaysian geosyneline of China as f ar 
north as Manchuria and in the Himalayan geosyneline and 
in southern Australia, the Lower Cambrian contains a whol� 
ly distinct fauna, which is characterized by the trilobite 
Redlichz'a. Several sections may be briefly considered. 

Salt Ran ge. In the Punjab and Salt Range district 
of India, the lowest known beds represent some 1500 ft. 
of sands, shales, and marls (Salt marl) with beds of rock 
salt and deposits of gypsum ( Khewra group). The next 
sueeecding series, with a thickness of 450 ft. is known 
as the Purpie Sandstone and is of dark red colour, marked 
by ripple�marks, cross�bedding etc, these features indicating 
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a non-marine origin. Formerly these beds were classed as 
pre-Cambrian in age, because they are succeeded by Lower 
Cambrian strata, in apparent conformable relation. It is 
now however, generally believed that these salt-bearing beds 
are of Tertiary age and that the Cambrian and later strata 
have been thrust over them. 

The Cambrian begins with the Purpie Sandstone followed 
by the Neobolus beds or the Khussak group about J 00 ft. 
thick and capable of the foliowing sub-division in descend
ing order.l 
5. Zone of Redliekia 1zoetlitzgi 

Black micaceous clay slate, with R. noetling-i, Lingulella 
wannecki, H;•olithes sp. etc. 

4. Zone of Neobolus warthi, red micaceous arenytes and 
lutytes, with the peculiar brachiopods, Neobolus wartki, 
N. wymzz'z', Disanolepis gratLulata, Sckizopho!is rugosa, 
Lakhminia lingu!oides, L. squama, Lz'ng·u!a kz.'urens·is, 
L. warthi. 

3. Upper annelid sandstone. 
Glauconitic arenyte, with alternations of thin softer beds. 
Contains Orthz's ( Wytznia) warthi and H yolz'thes 'W)'nnz'z.'. 

2. Zone of HyoHthes wyJtnii. Blackish red arenyte 
and lutyte with H. wynm'i, fragments of tril-
obites etc. l O f t. 

l. Lower annelid sandstone, 
Glauconitic arenyte, alternating with thin beds 
of softer arenyte and carrying Obolel!a, Hyo
lithes and annelid tracks. 50 ft. 

This series is succeeded by the Jutana group or Mag
nesian Sandstone, 2 50 f t. of alternating arenytes and dolem
ites carrying Heleionella rugosa, Schizopholis sp. etc. 

I Walcott refers some of these beds to the Middle Cambrian, in
f erring apparently a complex structure. 
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This is still c1assed as Lower Cambrian and 1s suc
ceeded by the Middle Cambrian Bhagenwalla group of red 
shales with salt pseudomorphs, 4fl0 ft. thick. 

Upon this rests disconformably the Upper Carboniferous 
glacial tillite of the Talchir group . l 

Australia and Tasmania. Lower Cambrian rocks are 
also known from South Australia and Tasmania especially 
the Peninsula of York.2 Redlz"chia is also found and the 
series is in Australia disconformably succeeded by the Ar
chæocyathid limestone, probably of Middle Cambrian or 
much younger age. 

China. In the East Cathaysian geosyneline the Lower 
Cambrian consists of a variable series of red shales and 
clay, characterized throughout by Redliekia chz"nensis. In 
Tongking , thc Lower Cambrian has been subdivided into 
the foliowing zones in descending order. 
-l. Zone of Redlichia carinata Mansuy 
3. Zone of Palreolmus douvi!lii Mansuy 
2. Zone of Acrothc!c orbicularis Mansuy 
l. Zone of Rcd!ichia chinCJZsis Walcott. 

The section given for Yunnan by Deprat, 

Super formatz"on. Ordovician? 
lJisconformity 

Lower Cambrian. 
8. Yellow shale 
7. Green concretionary mads. 

is as follows. 

30 
lO 

meters 
" 

I F. Noetling. Records of the Geological Survey of India. Vol. 
XXXVII part III 1894. Also K. A. Redlich, The Cambrian 

· fauna of the eastern Salt Range. Palæontologia lndica, New 

Series, Vol. I, I899. with full literature reference. 
2 Etlieridge. Proceedings Royal Society Tasmania 1882-I883. 

Also Transaetions of the Royal Society of South Australia. 
Vol. XIII, page Io. 
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6. Green shaly sancistones with Redlz"ckia, Pa
læolenus etc. 

5. Sandstone without fossils 
4. Reddish and yellow marly shales with Red-

lichz"a, Obolus, Aris tozoe Phyllocarids etc. 
3. Greenish shaly sancistones with Acrothele 
2. Crumbly marl shales with Redliekia 
l. Green arkosic sandstone, base not exposed 

111 

70 meters 
40 " 

100 " 
20 " 
80 " 

There are thus some BOO meters (l 000 ft.) of fos
siliferous strata and the basal arkosic sancistone would add 
another 300 meters wherever fully developed. The Salt 
Range section lies 1,700 miles (2700 k.m.) to the west. 

Shantung. l ,300 miles ( 2100 k.m.) to the northeast 
in Shantung, the Manto shale series represents the same 
succession and this can be traced north into Manchuria. 
In Shantung the Man to shale is from 150 to l 7 5 meters 
( 500 to 580 ft. ) thick and i t rests disconformably on the 
Sinian or unconformably on the older rock. Succeeding it, 
is the Changhia limestone of Midelie Cambrian age, the two 
being probably separated by a disconformity. The leading 
fossil everywhere in the Manto shale is Redhchia chinensz·s 
and associated with it is Ptychopan·a sp. Heldonella 
rugosa var thinens is and Obolella asiatica. 

Shansz·. In southern Shansi, 50 li north of Chishan
hsien, the foliowing section was measured by Pere Teilhard 
de Chardin and C. C. Young.l 
Super forma#on. 

Cambro-Ordovician limestone, forming the mmmtain 
range. 

Probable disconformity. 

I Bulletin of Geo!. Soc. of China Vol. X, p. 179 et seq. 
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Lower Cambrian 

6. Red shales, interbedded with several thin 
layers of fossiliferous upper limestone 

5. Red shale 

4. Middle Limestone, Fossiliferous 

3. Red shales 

2. Lower limestone several layers or lenses 
fossils are trilobites only 

l. Quartzite and consolidated arkose 

Unconformity 

Subformation: Archæan-gneiss etc. 

5 meters 

20 meters 

2 meters 

15 meters 

20 meters 

2 meters 

Beds 4 and 6 are very largely composed of a H;,oli
thid-like organism, which Pere Teilhard has named, Biconu
lz"tes grabaui and which, though simpier in character recalls 
some of the detailed structure of Salterella. The other 
fossils from these linestones have not yet been studied. 

Manchurz·an Provinces of Chz"na. In southern Manchuria, 
between Moukden and Lushan, the Lower Cambrian is well 
exposed and a numbcr of sections made by various individ
uals are published by Yabe and Osaki.l 

What appears to be a complete section is exposed at 

Lienliwan along the Tai-Tsu-Ho, opposite Hsiao-Hsuan a 
short distance south of Moukden. In descending order. 

Superformatz"on Middle Cambrian Limestone 

l)isconj'ormity? 

I H. Yabe and K. Osaki, Girvanella, in the Lower Cambrian of 
South Manchuria. Science Reports of the Tohoku-Imperial Uni

versity, 2nd series Geology Vol. XIV. No. I, pp. 79;..8J, Pl. 
XXV, 1930. 
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LiJwer Cambrz·mz. 
23. Gray micaceous sandstone. 
22. Grayish-green micaceous sancistone with a thin bed 

of greyish white crystalline limestone. 
21. Brown micaceovs sandy shale 
20. Pisolitic limestone, composed of Girvanella man'-

churica. Y. & O. 
19. Green sha]e 
18. Brown shale, with marl balls. 
l 7. Red shale 
16. Brown shale with marl balls 
1 5. Gray oolitic limestone with Ptychoparz"a aclis Wal�-

cott 
14. Brown shale 
13. Gray oolitic limestone with green spots. 
12. Brown micaceous sandy shale 
ll. Brown to red marl, with 2 or 3 thin layers of fos

siliferous marls intercalated. 
l O. Brown siliceous marl, with Redl·ichz:a nobzlis. 

9. Black limestone. 
8. Banded platy marl, alternately grayish yellow and 

bluish-gray in colour. 
7. Red marly shale 
6. Y ellow marl 
·5. Black limestone, with numerous calcite veinlets. 

and becoming platy upwards. 
4. Marly shale, either dark gray or grayi�h yellow, 

and with small limestone nodules arranged in layers 
and increasing in number upw'ards; contains Red
lz"chia chin en sis Walcott. 

3 .. Black limestone 
2. Grayish yellow shale, bluish gray shale and light� 

red marl in alternation. 
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l. Red shale and red sancistone in alternation, with 
a thin calcareous sandstone, occasionally with a 
conglomerate in basal part. 

Dz"conj'ormity or Unj'ormity.9 

Sub formation: 
Pre-Cam brian quartzi tes ( Sinian? ) 
Another more satisfactory section because the thick

nesses are given was measured at Chin-Chia-Cheng-Tzu. 
Fu Hsien, in the southern part of the area; in decending 
order. 

Superj'ormation. Middle Cambrian Limestone 
Disconj'ormitf! 

Lower Cambrian 
16. Red or ye1Iowish brown micaceous 

sandstone, intercalated with lenticular 
limestone, about 100 meters 

15. Reddish, purpie shale and oolitic lime
stone, with 
Ptychopan·a aclis \Valcott 
P. imptw Walcott 
Redliekia nobilis Walcott. 
Eie!done!!a and brachiopods 

14. Grayish white or reddish brown marl, 
about 

13. Oolitic limestone and limestones maåe 
of Girvanella manehuri c a V.. and O. 

12. Grayish-white or reddish-brown marl 
with trilobites in fragments, about 

11. Oolitic limestone, about 
10. Yellowish green shale, about 

9. Black limestone with brown spots, 
about 

40 meters 

15 meters 

6 meters 

15 meters 
3 meters 

lO meters 

50 meters 
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8. Yellowish green shale intercalated with 
limestone containing trilobites, about 20 meters 

7. Black limestone about 20 meters 

6. Reddish purplish shale with Redlichz"a 
chinensis Walcott 25-50 meters 

5. Green shale and nodular limestone, 
about 3-10 meters 

4. Reddish-brown crystalline limestone 
a bo u t l O meters 

3. Black limestone about 150-200 meters 

2. Black platy marly limestone, about 100 meters 

l .  Marly shale and siliceous sancistone 
thickness unknown? 

Total Lower Cambrian exclusive of bed 
I. 567-650 meters 
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Summary of the Indo-Chinese d·t"strict. 

So far as the Lower Cambrian of this province is now 
known, it is wholly distinct from any of the others, and 
dearly represents a transgression from an isolated portion 
of the ancient sea. These waters entering Asia by the 
Burma Straits, penetrated throughout the Himalayan geosyn
cline, to the Salt Range and beyond into Persia. A second 
branch extended northeastward through the East Cathaysian 
geosyneline north into Manchuria, but there was no connec
tion with the Irkutsk Basin or any other water body. That 
the sea retreated at the end of Lower Cambrian time and 
returned in Middle Cambrian time is shown by the abrupt 
change in fauna rather than by any marked evidence of a 
disconformity at present. knovm. Not a single species ex
tends. from the Lower into the Middle Cambrian. The 
fauna of this province is summarized in Table IV. 
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TABLE I 

LOWER CAMBRIAN FAUNAS OF THE 

APPALACHIAN GEOSYNCLINE 
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In Columns 1-7, the successive formations of the 
Southern Appalachz"ans in Georgia, Albama and Tennessee 

are given. They inelude the foliowing from the base up. 

C (J!. I Nichol' s s hale 

C(Jl. 2 Nebo sancistone 

Col. 3 Murray shale 

C ol. 4 Hesse sancistone and Erwin quartzite 

C ol. 5 Apison shale 

C ol. 6 Beaver or Shady limestone 

C ol. 7 Rom e Sanciston e, including Montevallo sancistone 

and Weissner quartzite. 

Cols 8-13 represent the localit ies in the Middle Ap-, 
palachians, that is in Virginian Maryland, Pensylvania and 

New Jersey . 

Cols 8-11 . represent, the successive formation as fol

lows from the base upward . 
Col. 8 Chickies quartzite 

Col. 9 Harpers and Antietam formations. 
Col. IO Tomstown limestone and Kinzer's shale . Shady 

limeston e. 

Col. II 

Col. I2 

Waynesboro sancistone = Rome sancistone 

Represents the Lower Cambrian Joealities in York, 
Laneaster and Cumberland counties Pennsylvania.' 

The hori.zons not differentiated. 
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Col. I 3 Represents the Joealities in Washington Co. Mary

land and Rockbridge Co. Virginia, with the hori

zens not differentiated. 

Cols 14-18 represent the 1Vorthern Appalachians of 

Eastern New York, Vermont, Ontario, Quebec, West New
foundland, and Labrador. 

C ol. I 4 Locali ty at Troy and other Joealities in Renssclaer 

Co. New York, as well as those of Washington 
Co, Columbia Co. and Duchess Co, New York. 

Col. I 5 Vermont Localities, including Parker' s quan·y at 

Georgia, the outcrops at Swanton and at High
gate Springs all in Franklin Co, also those of 

Rutland Co. 

Col. I6 Pebbles or boulders in younger conglomerates at 

Bic and other Joealities in Quebec. 

Col. I7 Lower Cambrian beds of Bonne Bay Western 

Newfoundland. 

Col. I8 Cambrian beds of L' Anse au Loupe and other 

Joealities on thc Labrador Coast of the Straits of 
Belle-Isle. 

C ol. I9 

C ol. 20 
C ol. 2I 

C ol. 22 
Col. 23 
Col. 24 

Bastion formation of Eastern Greenland. 

Ella Island formation Eastern Greenland 

Lower Cambrian of Nortll\vest Scotland especially 

the Serpulite grit . 

Also in Lower Cambrian Cordilleran Geosyneline 

Also Lower Cambrian of Caledonian Geosyneline 

Also in the Middle Cambrian. 
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TABLE II 

LOWER CAMBRIAN FAUNAS OF THE COR
DILLERAN GEOSYNCLINE OF U�'ESTERN 

NORTH AlUERICA 

In Cols 1-8, the horizons and leealities in the Cana

dian Rockies are given. In Cols 9-12, those of the Utah, 

Nevada and Calif ornia region, and in Cols 13 and 14, those 
of Northwest Greenland. In Cols . 15-1 7 the oeeurrenees in 
other geosynelines and horizons are given. The following 

are the leealities and hor izons in aseenditlg order. 
Cols I Lake Louise Shale 3500 ft. below the Middle 

Cambrian. 

Col. 2 Saint Piran sancistone of the Lake Louise Sec
tions Bed 1f 2080 ft. below the Mount Whyte 

formation. 

Col. 3 Sa int Piran sancistone of Vermilion Pass, B.C. 
about 2050 ft. below the Mount Whyte ( 60b) 
and 2300 ft. below Moun t Whyte. 

Col. 4 Upper 500 ft. of thc Saint Piran including. 
d Castle Mountain seetion 55 ft. below top 

c Ptarmigan Peak seetion 68-498 ft. below 

top 

b Mount Bosworth seetion (11:) 68-378 ft. below 

top 
a Mount Bosworth section (le) 378-503 ft. below 

top. 
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Col. 5 Upper 300 ft. of Hota Iimestone, of Robson 

Peak section. 

Col. 6 Lower Mount Whyte formation. Including the 
following beds. 

c Mount Stephen section beds 6, 5, 4. 

d Mount Bosworth section, beds 4 & 3. 

e Rass Lake section beds 6, 5 & 4? 

f Siffleur River section, beds l b and ·la? 

g Mount Schaffer section, beds 6, 5, 4? and 3? 
h Mount Temple section beds 7, 6, 5 and 4 

Lake Louise section beds le, ld? 

J Mouri t Assiniboine section, bed 6. 

m Ptarmigan Peak section beds 4- and 3? 

n Castle Mountain section beds 4 and le? 

Col. 7 Upper Mount Whyte formation, including the fol

lowing horizons and locations 

c Mount Stephen section, beds 3b, 3a, 3b, 2a 
and l. 

cl Mount Bosworth section beds 2, l c, and ! a. 

e Rass Lake section beds 3, 2 and l 
f Siffleur River section. Probably absent. 
g Mount Schaffer section, beds 3? 2 and l 
h Mount Tempie section bed l. 

Lake Louise section beds le, 1 b, la 

J Mount Assiniboine section, bed 5. 
m Ptarmigan Peak section. beds 2 top? beds le, 

lb, la. 

n Castle Mmmtain section beds le? l b, la. 



LOWER CAMBRIAN PULSATION 129 

Col. 8 Highest Mount Whyte f ormation comprising beds 

3, 2 and l of the Mount Assiniboine section 

Col. 9 House Range section and Wasateh Range includ

ing the Prospect Mountain sancistone and Pioche 
f ormation .  

Col. IO Pioche and Eureka,  Nevada, section, induding 

a the Pioche shale of Pioche Nevada, 

b the Pioche shale of Eureka Nevada, 

c The Prospect Mountain sancistones of Eureka 

Nevada, and 

d the localities in Lincoln and Esmeralda Coun

ties Nevada. 

Col. I I Silver Springs formation of Nevada and Califor

nia, induding (a) the Wacoba Springs of Injo 

County Cal., and the localities in Deep Spring 

Valley and (b), the Barrel Springs section 

Nevada, anJ the locality at Bennet Springs. 

Col. I2 Lower Cambrian beds of Eristol Mountain , Mo

ha ve Desert CaJ. 

Col. IJ \Vulff River formation of Northwest Green
hind 

Col. I4 Cape Kent formation of Northwest Greenland 

Col. I 5 Also m Lowe1· Cambrian of Appalachian Geo

syndine 

Col. I6 Also m Lower Cambrian of Ca1edonian Geo

syndine 

C ol. I7 Al so in M iddle Cambrian 
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13S A .  W. GRABAU 

TABLE III 

L O U/ER CA MBRIAJil FA UNAS OF THE 

C'ALEDONIAN GEOSYNCLINE 

In Cols l and 2 ,  the localities in Eastern Massachu

·setts are given . Cols 3 and 4 inelude those of Eastern New
foundland. Cols 5 - l  O ,  represent English localities and 

horizons, 1 2, 1 3  those o f N orwa y, 1 4  - l 8 those o f the 

Baltic Provinces, 1 9  - 2 1 successive horizons in the Polish 

Midd:e Mountains, and the others scattered and in other 

geosynelines and horizons. The details are as follows 

Col. I White l i mestone of Nahant ;  Shales of Mill- Cove 

and Pearl St. Weymouth . Limestones and shales 

of North Attleboro, all in Eastern Massachu

setts 

Col. 2 Boulders of white limestone fro m the beach of 

Massachusetts 

C ol. 3 Shales bel o w the Protolenus bed in Han f ord Brook, 

New Brunswick .  

C o!. 4 Beds at Mannel' s Brook and Top-Sail Head, Con-

ception Bay and 111 Smith-Sound, Trinity Bay, 
Eastern Newfoundland. 

C Jf. 5 Malvern Hills quartz ite of Malvern Hil ls Eng-

l� md 
C ol. 6 Hollybush sanelstone of the Malvern Hills Eng-

land 
C ol. 7 Obolella groomi beds Ab1 Comley England 



LOWER CAMBRIAN PULSATION 139-

Col. 8 Lower Comley sancistone Ab2 - Ac1 ; Comley Eng

land 

Col. 9 Olenellus Limestone Ac 2, Microdiscus bel/imar-

C ol. IO 

C ol. I I  
C ol. I2 

C ol. IJ 

C ol .. I4 

Col. I5 
C ol. I6 

C ol. I7 

C ol. I8 

ginatus L imestone Ac 3 , and S trenuella Limestone 

Ac 4• Comley England. 

Protolenns Limestone Ac5 Comley England. 

Lapworthella Limestone Ad. Comley England. 

Volborthella and Discinella holsti zone, of Sou

thern Norway. 

Holmz·a kjeruifi beds of  Lake Mj osen district 

Eoph;•ton sancistone and Spa ragmite beds, Tor

ellel/a zone, Southern Sweden . 

Fucoid sandstone, Southern Sweden 

Mesonacis torel/i and Holmia kjeruifi zone,. 
Andrarum, and near Lund, Southern Sweden 

Drift boulders from Southern Sweden, and Oeland 
Isl and S weden, and from Aland Island Fin land 

Mz"ckwitzia conglomerate and Fucoid sancistone of 
Esthan ia 

Cols l \)  - - 2 1  the successive horizons in central Poland 
in asc ending order ( 1 9  = bed l .  l ,  ! . 2 ,  and ! . 3 ; 20 = II. 4,. 

and II, 5 ;  2 I  = II, G ,  the Protalenus bed. This latter may 
be referable to the M iddle Cambrian ) . 
Col. 22 Villa de Doim, Alemtejo, Portugal. 
C ol. 2 J Also in the Lower Cambrian of the Appalachian 

Geosyndine 
Col. 24 Also in th e Lower Cambrian of the Cordilleran 

Geosyneline 
Col. 25 Also in the M iddle Cambrian . 
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TABLE IV 

LOWER CAMBRIAN OF THE INDO- CHINESE 

GEOSYNCLINES 

In Cols 1 - 7 Chinese leealities are given. In Cols 8-
1 3, those of the Salt Range and in 1 4  those of Spiti 

in the Himalayas. In Col. 1 5  atc given leealities in Aus

tralia . 
Co!. I Manto Shales, Lower part. On the southeast 

Houloushan, 2 � miles southwest of Yenchuan. 

Sinta i  District Shantung Province ( Walcott C 3) 
C ol. 2 Central part of Man to shales. W est s ide i so

lated butte, south of Changhia Shantung, China, 

(Waltott C20 ) 
Col. 3 Drift block of li mestone boulder, l mile from 

Chontonghsin Nanking River South Shensi , China. 

(Walcott C 32 ' ) 
Col. 4 Ferruginous li mestone nodules in brown sandy 

shale, at the top of the Manto Shale, ( about 

3 5  ft. above 2 . ) , Changhia, Shantung, China 

( Walcott C 1 7 ) 
Col. 5 50 li north of Chishanhsien, southern Shensi . 

T eilhard and Y o ung ( Secti o n p .  1 3  7 [ 1 1 1 ] )  
Col. 6 Manto Shale, vari ous localities i n  Manchuria� 

North China (Y abe and Osaki ) 
Col. 7 Lower Cambrian of Yunnan (Ting and Mansuy ) 

and of Tongking, Indo-China.  (Martsuy ) 
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Col. 8 - I 2 Khussak Group of the Salt Range (See .Sec

tion p . 1 3 5 [ 1 09] ) 
8, Redl ichia beds, 9,  Neobolus Beds, IO, Upper 

Annelid sandstone, TVynnia warthz" zone, I I; 
Hyolz"thes wy12nii zone ; I 2, Lower annelid 

sandstone. 
Col. I3 Jutana group of the Salt Range. 

Col. I 4 Lower Cambrian of Spiti, bed not located in 

place. 

Col. I 5 Lower Cambrian limeston e near Wirrialpa Flin

ders Range South Australia, and Kimherley dis ... 
trict West Australia. 
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NOTE ON PLATE I, PAI ÆOGEOGRAPHIC MAP OF 
PANG ÆA, In LOWER CAMBRIAN TIME. 

This map is drawn in Polar proj ection, with the North 
Pole in the region of modern Egypt, where Cambrian strata. 
are entirely wanting.  In this proj ection, the degrees of 
Iongitude diverge more rapidly than normal as represented 
on the globe, and hence the lands between them are pro
gressively enlarged in successively lower degrees of latitude. 

In cirawing the outlines of the continents an attempt 
has been made to eliminate the conpression due to post
Cambrian folding. 

The deep sea is represented in solid black and the 
geosynelines and continental shelves by lining.  The portions 
of the smaller lands covered, are r epresented in darker shades. 

CALEDONIAN GEOSYNCLINE . This is represented by hori
zootal lining and ineludes the Eastern New England region of 
the United States and the Maritime Provinces of Canada 
and Eastern Newfoundland. 

In Western Europe it ineludes the region of Southern 

England, Southem Norway and Sweden, Estonia and the 
Polnische Mittelgebirge. Also the southem borelers of the 
Baltic and North Sea, inclnding the Vill a Boim region of 
Portugal, from which Lower Cambrian fossi ls together with 
Middle Cambrian fossils have been reported . 

One seemingly anomalous feature should be noted and 
that is the reported occurrence of Holmz·a kjerulfi in the 
Aretic regions of Lapland, from below Kyrkberget on the 
shore of Great Uman Lake, Parish of Stensele Lapland, 
Long 1 70 E Lat. 6 5 0  N. (Holm, 1 88 7 Geologiske Forenin
gens in Stockholm. Forhandlingar. , Vol . IX Hafte 7, 1 887, 

p .  5 1  2 ; W alcott Ca m .  Geo l. and Pal . I page 2 9 O) T his is 
inelucled in the embayment fr om the Siberian Holmia Sea. 
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The · "Lower Cambrian of the Polnische Mittelgebi rge 
t s o f the normal type f o r thi s geosyneEne but many new 
species occur. The geosyneline is carried across the zone 
of the Ural Mountains, where there are no Cambrian strata 
known , but since there was apparently a p ost-Silurian eleva
tion, followed by erosion, these may have been present and 
have been eroded before Devonian strata over-lapped them. 
The connection is made with the lrkutsk Basin of Siberia, 

which is here called the Holmia Sea and is believed to 
have been the center of evolution of Holmia, Callavia and 
the other mernhers of the fauna, though up to date no fos
sils have been deseribed from these beds . The Lower 
Cambrian beds are however of en ormous thickness, over 
4,000 meters and to a large extent calcareous, but never
theless with a retreatal phase at the top. Apparen tly the 
sea Engered hcre Iongest and thi s regi on may furni sh the 
fossils, showing the evolution o f the Holmia fauna in to the 
Midelie Cambrian Parado.xides fauna. 

TTm APPA T,ACHIAN GEOSYNCLINE. This is represented 
by verti cal l in ing and covers the Appalachian region of 
Eastern United States including Western New England, the 
East Canada region, Western Newfoundland the coast of 
Labrador, Northem Scotland and the eastern coast of 
Greenland. In all these the Olmellus fauna was typical 
and the shallow sea which is part of the Boreal Sea, is  
designated ,Olenellus Bay. The geosyneline is also con
nected on the south with Crepicephalus Bay, the shallow 
embayment of that part of the pan-Pacific .  It is quite 
probable that at the period of maximum transgression of the 
Lower Cambrian Sea (Shady hmestone period) a connection 
was formed, allewing some mernhers of the Crepz·cephalus 
fauna to enter this  geosyncline. 
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p ALÆOCORDlU.ERAN GEOSYNCI.INE. Thi s is indicated by 
crossed vertica:l and horizontal lines, and opens into the 
Boreal Sea. Tl�e main part of this fauna is of Boreal 
ongm. Benveen western Greenland and the main land lies 
Koclziella Bay, the bome of thc trilobite Kochiella, which 
is so abundantly represented in the west Greenland fauna. 
a.n d well-know n in the Palæo-Cordillera.n fauna. The con
nection on the south with Crepz'cephaltts Bay was probably 
established at the period of maximum transgression (Mount 
Whyte period) allowing the entrance of that trilobite fauna, 
but if so, the evidence for it was again eroded during the 
retreatal period at the close of Lower Cambrian time. 

TuE CATliA YSIAN GEOSYNCLINE. Thi s is shown by dia

gonal lines. lt exten ds right through the center of Aust
ralia, where this fauna is found today, and ' its home was 
in Redlichia Sea, a water body left after fitting the An t
a.rctic and the Australian lands into their respective posi
tions . The geosyneline extends north to Manchuria and 
has :t western branch, the Himalayan geosyneline which 
extends beyond the Salt Range into Persia. The Old Land 
of Cathaysia completely shut off the Pacific, where it is 
probable tha.t the graptolites and cephalopods underwent 
their early evolution in Cambrian t i me. 
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