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ARrT. XVI—Classtfication of the Cambrian System of North
America ;¥ by CHARLES D. WALCOTT.

THE formations included within the Cambrian system, in
this paper, are those characterized by the predominence of the
types of the “ First Fauna”t of Barrande and such additional

* Read before the National Academy of Science at Washington, D. C.. April
23d, 1886.

+ The “ First " or *“ Primordial Fauna” of Barrande, as found in North America,
is characterized by a trilobitic fauna which, in the presence of the genera Agnos-
tus, Paradoxides, Olenellus, Dicellocephalus, Ptychoparia and their allied genera,
distinguishes it from the succeeding Lower Silurian (Ordovician) fauna.
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strata, not characterized by the presence of fossils, as are strat-
igraphically and structurally connected with Cambrian strata
identified by organic remains. .

Professor Geikie, in the last edition of his Manual of Geology
(1885, p. 65), has included the Cambrian as a subdivision of
the Silurian system. I do not now wish to question the wis-
dom of this for the geologic section as it occurs in England and
the Continent; but of the presence of a well-defined geologic
system beneath the Lower Silurian (Ordovician) strata charac-
terized by the Second fauna of Barrande, or the Trenton fauna
(including the Upper Calciferous) on the North American con-
tinent, there is little doubt. The geologic sections, given in
this paper, show that it has a total thickness of over 18,000
feet and contains a known fauna of 92 genera, including 393
%oecies; that but very few of these species pass up into the

alciferous horizon of the Lower Silurian (Ordovician), and
that the faunas of the two systems are so distinct in their gen-
eral facies and also in detail, that they are quite as readily sep-
arated as the Lower and Upper Silurian, Silurian and Devon-
ian, or Devonian and Carboniferous faunas. There is no doubt
that in certain areas the faunas of the Cambrian and Lower
Silurian (Ordovician) systems are intermingled in the passage
beds between the two systems, but the same is more or less
true of all the great divisions of the entire geologic series, from
the Archean to the Quaternary.

Strata of the Cambrian System.

In beginning the study of the Cambrian system, I looked for
well-defined Paleontologic horizons with relation to which the
various local sections and their contained faunas could be com-
pared. It was evident that the Potsdam faunas of New York
and the Mississippi Valley were at or near the summit of the
Cambrian, but further than that there was little data. Mr. K.
Billings called the Georgia or Olenellus fauna “Lower Pots-
dam,” and considered the Paradoxides fauna as of older date :
but, as late as 1885, one of our best-known paleontologists
wrote: “my own impression, at the present, is that the New
York typical Potsdam is about equivalent to the lower portion
of the Wisconsin areas, and that the Acadian beds of Canada
and Vermont, and perhaps the other Atlantic areas, are not
appreciably different in age, but that the difference in faunas is
more the result of conditions upon which life depended than a
difference in time.” (Bull. Amer. Mus. Nat. Hist., vol. i, p.
140, 1885.)

The results of the study of the Middle Cambrian faunas will
appear in Bulletin 30, of the U. 8. Geological Survey, and I
have taken much of the data of this paper from the introduc-
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tion of that bulletin. In establishing the stratigraphic position
and paleontologic characters of the Georgia or Olenellus fauna
of the Middle Cambrian, the key to the succession of the Cam-
brian faunas was obtained, and the sections that are correlated

1.

Table showing the correlations of typical Cambrian Sections with
reference to the Potsdam and Georgia faunas of the Cambrian,
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in the diagram (fig. 1) are placed on the general section with
relation to the stratigraphic position of Olenellus and Dicello-
«cephalus, or Georgia and Potsdam faunas.
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The first section (fig. 2) to which I wish to direct your atten-
tion is that of the Wasatch Mountains, in Utah, where the
Cambrian is well shown in Big Cottonwood Cafion. The
section is described in the reports of the Geologists of the
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Fortieth Parallel Survey (Geol. Expl. 40th Par., vol. i, p. 229;
vol. ii; p. 866), but I had the opportunity of examining it more
in detail during the summer of 1885, and through finding the
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per horizon

p

and ascertained that the entire Upper Cambrian was absent by
, the Silurian resting conformably on strata of Mid-

non-deposition

Olenellus or Middle Cambrian fauna, located its u
dle Cambrian age.

The section at the base rests on granite near

“gout oY} 03 199F (08" ‘9[E0g
“Jo1sip eyaang| oy} Jo £3o100x) oy Surpenisuyqr ‘endey] proury Iy £q ‘suonoes jo dew peaysijqndun eyj woj pardod
§1 UO1JO9S Oy, -oNzitenb exoing oy} puokaq oyp jeesd o) o) [ woiy weNoliqun JFureq TOIR0IE OY) ‘POAISEYO j0oU
SBAL 1 POJOS[[00 9IAM S[I18S0F o} Yoiym wodn aulf 93 UO PUB ‘SNONTUNUOD J0U I O[eys uouey) 30100g oY) ul pajussaidal
oNIp o], ‘uermose( ‘J(I ‘SNOJ9JIUOQIB) JOMOT ‘O ‘ojisepue-epus]quIoy ‘VH ehziienb ejeinyg ‘g ‘euojsewry
diodog ‘g ‘ereys dummquel ‘QE :euojsewn| Jinquep ‘] pue F ‘e[eys uoue) 30100y ‘DS pus ¢ :suojsewry jood
-s01d ‘T4 pue g ‘ejzirenb urejunop oedsord ‘PJ pue [ :uOMDOSs ARdLIDSEp 6) Ul USALS SUOISIAID oY) U0 SIequinu
o) 0} puodserroo ouif 1oddn oY) uo sloqunu oyf, ‘(ULIOIAOPI()) UBLIN[Y JOMOT 87} JO UOZLIOY dU0}SOWI] TUOJUSLJ,
ot} jJo eseq oyy 03 dn pue JoLNSIP e0INy| BY} JO TIRI}S UBLIGUIE]) dU} IOAO SPUI)X SIYJ, °UONDISS exosnyg—'g "I

* WLEBRYD W3ddn N THNIHENYD 3NAAWR

N I
IR
Rty xw—?,—w—/——w ,./

! * WD oaao 1

\

N o
L
A
gy
SR
S
&'
&
&8 X
N R
» .p;.r ;09

conformable series of siliceous rock,

od Cafion, and the strata continue up
shales, quartzites and sandstones, until 12,000 feet in thickness

the mouth of Big Cottonwo
the cafion in an unbroken,



C. D. Walcott— Cambrian System of North America. 143

is passed through. In the upper 250 feet of silico-argillaceous
shales that rest on a massive band of quartzite, 8,000 feet in
thickness, the following fossils occur: Cruziana?, Lingulella
Ella, Kutorgina pannula, Hyolithes Billingst, Leperditia Argenta,
Olenellus Gilberti, Ptychoparia quadrans and Bathyuriscus pro-
ducta. This fauna is also found at a similar horizon in several
localities in Nevada; and the lithologic, stratigraphic and
paleontologic evidence, as found in the Oquirrh and Tintie
ranges of Utah and the House, Kureka and Highland ranges
of Central Nevada, extends the same horizons throughout the
western and southern portions of the Great Basin area.

The entire absence of fossils in the lower portions of the
Wasatch section may be owing to the character of the sedi-
ments ; but an attempt is made further, to explain the absence
of the Lower Cambrian fauna of the Atlantic area.

The second section (fig. 3), that of the Eureka District, by
Mr. Arnold Hague, stratigraphically overlaps that of the
Wasatch, the lower 1,500 feet of quartzite corresponding to the
upper-half of the 8,000 feet of quartzite of the Wasatch sec-
tion, and the Olenellus shales occurring at the same horizon on
the summit of the quartzite; but here the Lower Silurian
(Ordovician) strata do not rest on the siliceous Olenellus-bear-
ing shales, but are separated by over 6,000 feet of limestone
that carries a fauna uniting the Middle Cambrian fauna with
the Upper Cambrian or Potsdam fauna, which begins in its
characteristic forms 4,500 feet above the Olenellus horizon.
One hundred miles south of Eureka, in the Highland Range, I
found the Kureka section essentially repeated and identical spe-
cies occurring at the same relative horizons in each section.
The vertical range of the Hureka section embraces the corres-
ponding strata of the Highland Range section and several sec-
tions that occur in Nevada and Western Utah.

Section No. 8, fig. 4, is unlike either of the first two sections
in having the Upper Cambrian well developed, and the Middle,
and probably the Lower Silurian (Ordovician), entirely absent.
This section is beautifully exposed in the deeper portions of
the Grand Cafion of the Colorado, Arizona, and was first made
known in a general way, through the explorations of Major J.
W. Powell in 1875. During the winter of 1882-83, Major
Powell instructed me to make a detailed section of the strata
in the depths of the cafion, and fig. 4 is one of the results of
the work. The Upper Cambrian, or Tonto formation is 1,000
feet in thickness, composed of siliceous and calcareous strata
and carries a fauna that unites it closely with that of the Upper
Cambrian of Nevada, Texas and the Upper Mississippi Valley.
Beneath the Tonto there is a great mass of strata, over 12,000
feet in thickness, that are unconformable to the horizontal Tonto
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The Grand Cafion section is typical and includes with it the
Cambrian section of Central Texas and Northern Wisconsin
(see figures 5, 6).

Crossing to the eastern side of the Continent, our next sec-
tion (fig. 7, p. 148) of the Cambrian strata is taken in North-
western Vermont, and its contained faunas serve to connect the
distant Nevada sections and the group of Cambrian sections
along the St. Lawrence, Champlain, and Hudson River Valleys.

At the base of the section a massive belt of limestone, 1,000
feet in thickness, carries in its upper portions the Olenellus
fauna which, in the argillaceous shales capping the limestones,
attains an extensive development. Continuing up in the sec-
tion through the argillaceous shales, about 2,000 feet, masses

Fig. 5,—S8ection in Llano County, Texas, showing the relations of the Upper
Cambrian (Potsdam) and the pre-Cambrian Llano-Series.

of limestones are found interbedded in the shales, and in the
limestone fossils that show the near approach of the Upper
Cambrian or Potsdam fauna, The section gives the same suc-
cession of fauna as the sections of Nevada, where we find posi-
tive stratigraphic proof of the great difference in age of the
Middle and Upper Cambrian faunas.

The Georgia, Vermont, section includes, in its vertical range,
the sections about and below Troy, N. Y., in the Hudson River
Valley, and those of Northwestern Newfoundland and the
Straits of Belle Isle.

Directly east of the Adirondack Mountains of New York,
the: Potsdam sandstone is overlaid by a stratum of shaly
arenaceous rock full of fucoidal, or annelid markings, and there
the Chazy limestones appear resting on the latter.* Tracing
the sandstones south, a fine exposure is seen at Ausable Chasm,
and continuing south a limestone is found coming in on top of
the sandstone that, in Saratoga County, contains a well-marked
fauna of twelve species, four of which are identical with species
in the upper beds of the Wisconsin Potsdam sandstone. The
calcareous layers of the Potsdam also occur at Whitehall, and
Professor Dwight has found them near Poughkeepsie.

* The unconformity, by non-deposition, noticed by Sir William Logan, is

nowhere better illustrated than at this point, the Calciferous formation being
absent from the section.



146  C. D. Walcott— Cambrian System of North America.

A

Lake Suyperior

g the relations of the Laurentian, Huronian and Keweenaw Scries to each

During the deposition of the Potsdam sand-
stone the shore-line was close at hand, and the
Adirondack area furnished material for the
formation. Out from the shore-line the mud
and sand were mixed, and still farther out,
over the present area of the Georgia section,
the shales with interbedded limestones point
to deeper, quieter waters. I have yet failed
to find in Vermont any Potsdam sandstone
north of Burlington; and the evidence goes
to prove that the upper portion of the Geor-
gia section, with its shales and ‘lentiles”
of limestone, is equivalent to the Potsdam
sandstone about the Adirondacks,

We have now hastily reviewed the princi-
pal sections of the Cambrian under which
all the others now known ean be grouped
except those of DBraintree, Massachusetts, St.
John, New Brunswick and the southeastern
Newfoundland sections. These are not con-
nected paleontologically with the more west-
ern section and we distinguish them as the
Atlantic border sections, and mostly of older
date* than the strata of all but the lower
portions of the Wasatch, and perhaps the Ten-
nessee sections. As the position of the At-
lantic border Paradoxides fauna is determined
on paleontologic evidence, the discussion of it
will be taken up later.

In the following table, the writer expresses
his view of the classification of the various
formations that go to make up the Cam-
brian system of North America. It is sub-
ject to revision in details, but the main
divisions are based on paleontologic and
stratigraphic data, that I think will render
them of service in the permanent classifica-
tion of American Paleozoic rocks.

It is not claimed that the arrangement of
the formations in the following table is orig-
inal with me, as, with some changes in nomen-
clature, it is the same as that to be found
S on page 46 of the Report of the Geological

* At St. John, New Brunswick and also in Newfoundland, the higher members
of the Cambrian system, containing the later Cambrian faunas are known, but,
with our present information, the lower fauna predominates, and the upper faunas

will probably prove to be more closely related to the Atlantic than to the interior
basin, although we may expect to find a number of species common to each.

y

amegon B

Keweenaw Series.

am) strata.

Huronian |

Penokee Ranges
Fig. 6.—Section in Northern Wisconsin showin,
other and to the overlying Upper Cambrian (Potsd

Laurentian



C. D. Walcott— Cambrian System of North America. 147

Classification of North American Cambdrian Rocks.

Lower Calcifer- |Lower portion of the Calciferous formation of
ous. New York and Canada. Lower Magnesian
of Wisconsin, Missouri, etc.

Potsdam of New York, Canada, Wisconsin,
TUPPER CAMBRIAN. Potsdam, Texas, Wyoming, Montana and Nevada:
Tonto of Arizona; Knox Shales of Ten-

Knox, nessee, Georgia and Alabama. The Ala-

Tonto. bama section may extend down into the
Middle Cambrian.

Georgia. Georgia formation of Vermont, Canada and
New York.

L’Anse au Loup.|Limestones of L'Anse au Loup, Labrador.

h N, . B Al
MIDDLE CAMBRIAN. Lower part of Cambrian section of Hureka,

Prospect. and Highland Range, Nevada. Upper por-
tion of Wasatch Cambrian section, Utah.
St. John, Paradoxides beds of Braintree, Mass., St.
Braintree, John, New Brunswick, St. John’s area of
Newfoundland, Newfoundland, Lower portion of Wasatch
LOWER CAMBRIAN. Wasatch. section, Utah.

Tennessee. |The Ocoee conglomerate and slates of East
Tennessee are doubtfully included.

Survey of Newfoundland for 1865, published in 1866, by Sir
William Logan, and based largely on the paleontological work
of Mr. H. Billings.

Fauna of the Cambrian System.

As has long been well known, the Trilobita form by far the
largest portion of the Cambrian fauna. Of the ninety-two
genera and three hundred and ninety-three species known to
me at present from the American Cambrian, 31 genera and 226
species are placed under the Trilobita, and 61 genera and 167
species under all the other classes. The Brachiopoda come
next with 15 genera and 67 species; Crustacea with 10 genera
and 15 species, etc.

In the accompanying table a summary is given of the Cam-
brian faunas of North America, as far as known to me, up to
the present date. A critical study of the Upper Cambrian
faunas will eliminate some of the genera and species and, also,
add others. The study of the Lower Cambrian fauna of New
Brunswick is now being carried forward by Mr. G. F. Matthew,
and that of the Upper Cambrian by myself; and probably
within two years the Cambrian fauna of North America will
include more than 100 genera and 400 species, as to-day there
are 92 genera and 393 species published, that I have included
in the fauna. There are a number of genera and species not
included that do not appear to be based on organic remains, or

are synonyms of some of those that are included.
AM. JOUR. ScI.—THIRD SERIES, VOL. XXXTI, No. 188.—AUTGUST, 1886,
10



148 (. D. Walcott— Cambrian System of North America.

Horizontal scale,

This extends from Lake Champlain east to the Vermont Central Railroad track, and

passes through the Parker trilobite quarry, and a little south of the town of Georgia post office.

The figs. 1 to 10 indicate the position of the lower strata of each of the divisions given in the descriptive section.
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Genera. Species
Upper Cambrian _..__..___...._..... 52 213
Middle Cambrian.___ . __ ... _..__. 43 107
Lower Cambrian ....._...._. e 32 76
127 396
Reappearances ......__......_ 35 3

Total fauna ... . - c.oeeo-_. 92 393
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Zoologic Résumé.

Genera. Species.

Alge. . . 3 9
Sponglie __ ... ... 6 13
Hydrozoa._ .. ... ... ... .. 4 5
Crinoidea _ ... ... . ... .. _. 1 3
Annelida ____ ... .. ___._.__..._ 2 5
Brachiopoda ... .. ... . ____. 15 67
Lamellibranchiata .. ... ... ____... 1 1
Gasteropoda ... _____..__..._. 14 29
Pteropoda ... ... 5 20
Crustacea . o oo oo oo oo 10 15
Peecilopoda ... . .. .. 31 226

92 393

There are 14 genera common to the Lower and Middle Cam-
brian; 15 common to the Middle and Upper Cambrian; 11
common to the Lower, Middle and Upper Cambrian, and 12
common to the Lower and Upper Cambrian.

Of the 52 genera in the Upper Cambrian, 17 are much more
strongly represented in the second fauna, viz: Lingula, Orthis,
Lepteena, Triplesia, Bellerophon, Euomphalus, Holopea, Ma-
clurea, Metoptoma, Ophileta, Pleurotomaria, Hyolithes, Serpu-
lites, Amphion, Bathyurus, and Ogygia.

Of the above genera, Discina, Pleurotomaria, Ampbhion,
Bathyurus and Ogygia are doubtfully referred to the Cambrian.
Several other genera pass up into the base of the Lower Silu-
rian (Ordovician), but are not considered as at all characteristic
of its fauna.

When an accurate stratigraphic and paleontologic study is
made of the passage beds between the Cambrian and Lower
Silurian (Ordovician) systems, or the Potsdam and Upper Cal-
ciferous formations of the New York and Canadian sections,
we shall possess the data upon which to compare the faunas of
the two systems. At present it is to a large extent wanting,

Stratigraphic position of the Upper, Middle and Lower Cam-
brian Faunas.—That the stratigraphic position of the Middle
Cambrian fauna on the North American continent is below that
of the Potsdam fauna is shown by the Eureka and Highland
Range sections, in Nevada, and the Georgia section, in Ver-
mont. In Nevada, in two sections unbroken by faulting or
folding of the strata and separated by a geographic distance of
one hundred and twenty-five miles, the fauna ranges from
2,000 to 4,000 feet below strata carrying a typical Upper Cam-
brian, or Potsdam fauna. But three species, Protospongia fen-
estrata, Acrotreta gemma and Slenotheca elongata are known to
pass up to the Upper Cambrian or Potsdam horizon. In
the Georgia, Vermont, section, one of the species, Ptychoparia
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Adamsi appears to pass up into the Potsdam horizon of the
section, where the fauna is more like that of the Potsdam ; and
of the other species, Orthisina Orientalis is much like O. Pepina
of the Potsdam sandstone of Wisconsin; but the fauna, as a
whole, is so clearly distinet from the typical Potsdam of New
York, Wisconsin, Tennessee, Alabama, Texas, Arizona, Nevada
and Montana that, even without any section to show their rela-
tions to each other, I should not think of correlating them as
contemporaneous faunas,

The stratigraphic relations of the Middle Cambrian fauna to
the Paradoxides fauna of St. John, Braintree and Newfound-
land are not so clearly proven as for the Middle, and Upper
Cambrian faunas. The only locality known where the two
faunas are in the same geographic area is about Conception
Bay, Newfoundland. At Topsail Head about 100 feet of
limestone is exposed, overlaid by dark shale. All stratigraphic
connection with other sections in the vicinity is broken. The
fossils in the limestone are not numerous, but Mr. Billings pro-
nounced them Potsdam (Geol. Newfoundland, p. 158, reprint
of report for 1868), and identified Saltereila, Crania (probably
Kutorgina) Labradorica, and I found, in the collection of the
Geological Survey of Canada, Scenella reticulata, Stenotheca
rugosa, Iphidea bella and Protypus senectus var. parvulus, which
gives six species that are also known from the Middle Cam-
brian horizon of I’Anse au Loup.* Special stress is placed by
the writer on the occurrence of these fossils at Topsail Head,
as it is in the midst of the Paradoxides basin. Mr. Alexander
Murray correlated the Topsail Head limestone with that of
other localities, and places it beneath the Paradoxides-bearing
shales of St. Mary’s Bay (on the page cited above), but without
paleontologic or stratigraphic evidence that can authorize him
to say more than that a supposed connection is indicated.

Not having stratigraphic evidence of the relation of the
Georgia or Middle Cambrian fauna and the Paradoxides or
Lower Cambrian (Ordovician) fauna other than that they occur
in the same area and are not in the same stratum of rock, we
turn to the faunas to aid us in the settlement of the question.

Of the thirty-two genera of the American Paradoxides hori-
zon, fifteen pass up into the Olenellus horizon, viz: Arenico-
lites, Protospongia, Archeocyathus?, Kocystites? ?, Lingulella,
Acrotreta, Acrothele, Kutorgina, Orthis, Stenotheca, Hyolithes,
Agnostus, Microdiscus, Solenopleura, and Ptychoparia. Of
these, eleven, Arenicolites, Protospongia, Lingulella, Kutorgina,
Acrotreta, Orthis, Hyolithes, Stenotheca, Agnostus, Microdis-
cus? and Ptychoparia, continue on up into the Potsdam or

* Mr. Billings called all the Middle Cambrian fauna * Lower Potsdam,” which
explains his referring the Topsail Head fossils to the Potsdam.
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Upper Cambrian horizon, leaving but four genera that are
alone common to the Middle and Lower horizons. One genus,
Dendrograptus, is doubtfully identified in the Paradoxides
horizon of New Brunswick that occurs in the Upper Cam-
brian, and is, as yet, unknown in the Middle Cambrian. The
genus Agraulos is also found in the Lower and Upper, but
not in the Middle Cambrian. Of species, not one of the 76
of the American Lower Cambrian fauna are known to occur
in the Middle Cambrian fauna, which, with its 107 species,
stands out clearly from the older fauna and also from the more
recent Potsdam fauna, as but three of its species, Protospongia
Jenestrata, Stenotheca elongata and Acrotreta gemma, are known
to occur in the Upper Cambrian, and 16 of the genera in the
Middle Cambrian are not known to pass up into the Upper
Cambrian or into the Lower Silurian (Ordovician) faunas. Not
one species is known to be common to the Lower and Upper
Cambrian horizons.

Having studied the Middle Cambrian fauna more thoroughly
than that of the lower and upper horizons, I will speak of 1t
on that account and, also, from the fact that its character and
geographic distribution is not as well known as the other two.

As a whole, we notice that it combines the characters of the
Lower Cambrian and Upper Cambrian faunas and yet is dis-
tinct from each of them. There does not appear to be an
equivalent fauna in the Cambrian system of Kurope either in
Bohemia, the Scandinavian area, or in Wales; but from the
Island of Sardinia, Dr. Bornemann has described a group of
sponge-like bodies closely related, if not identical with Zthmo-
phyllum and Archeocyathus of the American Middle Cambrian
fauna; he also names Kulorgina cingulata which is found at
this horizon both in Vermont and Labrador. A species of
trilobite is referred to Olenellus, but I have not seen any illus-
tration of it.

The conditions that developed the Middle Cambrian fauna
appear to bave been largely peculiar to the American continent.
During the deposition of the St. John's series of the Lower
Cambrian, or the Paradoxides strata, we learn from the Euro-
pean and Kastern American sections, that the fauna was essen-
tially of the same type over the entire basin (Atlantic), and,
from evidence known to date, that the fauna did not extend
west of a line passing northeast through Eastern Massachusetts
to New Brunswick and Newfoundland.

That there were deposits of sediment to preserve the fauna,
if it extended westward, is shown by the thousands of feet of
sediments below the Middle Cambrian faunas of Utah and
Nevada.

From the data we now have, I think that during the exist-
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ence of the greater portion of the Lower Cambrian (Paradox-
ides) fauna, a barrier existed that prevented its extension west-
ward of the line mentioned ; that towards the close of the time
of the Paradoxides fauna that barrier was removed to the
northeast, in the vicinity of Newfoundland, and the descend-
ants from the Paradoxides fauna entered the westward seas and
spread to the eastern and western basins and formed the Middle
Cambrian fauna. What route was taken by the Middle Cam-
brian fauna after passing to the western side of the outer
barrier is not yet traced, but I think from the indications we
now have of a continental area, during Lower and Middle
Cambrian time, in the central portion of the continent, that the
fauna passed to the south around the southern end of the then
existing land, and thence north along the west shore. In the
Atlantic basin, the Paradoxides fauna persisted to a greater or
less extent and mingled with the types of the Upper Cambrian
fauna as in the Upper Lingula Flags of Wales.

If this is a correct interpretation of the evidence now known,
we may look in vain in the central interior basin for the Para-
doxides fauna of the Atlantic basin.

That there was life in the older Cambrian or pre-Cambrian
seas of the central interior basin, there is no doubt, as we have
found traces of it in the Grand Cafion section of Arizona; and
the development of that fauna which from the stratigraphy is
pre-Cambrian, is one of the problems awaiting solution.

During the Upper Cambrian (Potsdam of America; Upper
Lingula Flags of Wales), the Atlantic and Pacific basins appear
to have had free communication with each other, and the
faunas now have a facies of the same general character.

The above views are, to a certain extent, theoretical, but the
facts demand an explanation other than that the faunas of the
Lower, Middle and Upper Cambrian were contemporaneous
but in different geographic areas. That the upper and middle
faunas were separated by a great interval, is shown by the sec-
tions in Nevada and Vermont; and that the middle and lower
faunas were not contemporaneous is shown by the biologic
evidence and the indirect evidence of the absence of the lower
fauna in association with the middle fauna in the Newfound-
land area, where they are now found in different strata, but a
short distance from each other.

A diagram illustrating the Cambrian sections of America and
Europe would show, in the former, that the sequence of life is
divided more sharply into three great groups that, in the
latter, are more or less broken up. First: by the nearly entire
absence of the middle group, and secondly, by the commingling
of the upper and lower groups in the European strata and pos-
sibly in the Atlantic border sections of New Brunswick and
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Newfoundland. This subject will be treated in detail after the
completion of the study of the Upper Cambrian faunas now in
progress.

As previously mentioned, I have heretofore included the
Grand Cafion and Llano series as, in part, of Cambrian age, and
correlated them with the Keweenaw series (Bull. VI, Phil. Soc.
‘Washington, p. 102, 1882). In adopting the view that all of
these may be placed under a system of pre-Cambrian age, I
think there is good reason for 1t in the presence of the great
unconformity, by erosion, between the strata of the Keweenaw
system* and the known Cambrian formations. An examina-
tion of the sections shows that in each of them there is a great
series of disturbed and eroded strata overlaid by the horizontal
beds of the Upper Cambrian; and in the Keweenaw, and the
Grand Cafion sections, this great series of strata is in turn
separated from the formation below by an unconformity that,
in the Grand Cafion, is very great, and in the Lake Superior
area, sufficient to indicate an orographic movement previous
to the deposition of the Keweenaw strata. All three of the
sections (figs. 4, 5, 6) agree in the evidence of an extended
orographic movement and a great period of erosion at the close
of deposition of the Keweenaw series; and I am now of the
opinion that the Keweenaw system should be considered as
pre-Cambrian. The correspondence in the position of the pre-
Grand Cafion strata, separated from the Grand Cafion series by
a great unconformity, to the Huronian as described by Irving,
is so striking that more than calling attention to it is unneces-
sary.

']5.‘7he presence of organic remains does not necessarily imply
that the strata are of Cambrian age except they show a marked
Cambrian facies; and unless this is the case I should not con-
tend for a moment against well-proved stratigraphic evidence
of greater age and marked structural breaks in the stratigraphic
succession. It may be asking too much for the period of ero-
sion, between the Keweenaw system and the Upper Cambrian,
to say that 12,000 feet of mechanical sediments and 4,000 feet
of limestone accumulated in the Utah-Nevada basin while this
erosion was taking place; but, if we look higher up in the
Grand Cafion section, and that of Central Nevada, we find that
200 feet of Silurian and Devonian strata in the former is repre-

* The Keweenaw system is here used to include the Keweenaw series of the
Lake Superior region, the Llano series of Texas and the Chuar and Grand Cafion
series of the Grand Cafion of the Colorado, Arizona, and is considered as of equal
value with the Cambrian, Lower Silurian (Ordovician), Upper Silurian and other
systems of the Paleozoic Group, and as belonging to the Paleozoic rather than to
the Archean. It may be that the Keweenaw and Grand Cafion series belong to
distinct systems of strata, but until this is proven I prefer to provisionally refer

them to a pre-Cambrian post-Huronian system. I think the Grand Cafion and
Liano strata belong to one system.
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sentative of the 13,000 feet of limestone of the same formations
in Nevada, and no unconformity, by any extensive erosion, is
indicated ; and, again, the 9,000 feet of limestone of the Upper
Cambrian and Lower Silurian (Ordovician) of the Central
Nevada section is unrepresented in the Wasatch section of
Utah. These facts readily prepare us to believe that the hiatus
between the Keweenaw and Upper Cambrian is fully equiva-
lent to the period of the Lower and Middle Cambrian.

Another reason is that from the extended orographic move-
ment preceding the erosion of the Cambrian, we should expect
to find evidence of that erosion in the Cambrian of Utah and
Nevada, but, as yet, none such is known.

Thus far the question of the existence of the Keweenaw sys-
tem has been treated from a purely structural basis* but, in
the course of my study of the distribution of the Cambrian
faunas, I have met with some facts that require an explanation
and the most plausible one demands the existence of an ex-
tended orographic movement, prior to the deposition of the
Cambrian strata of the western side of the Continent, that raised
a land area over the central portion of the Continent which
existed up to the period of the beginning of the deposition of
the Upper Cambrian formations, when it was depressed beneath
the level of the sea and the Upper Cambrian strata deposited
over portions of it.

The facts demanding explanation are: 1lst. The entire ab-
sence, as far as known to date, of the Lower Cambrian or Para-
doxides fauna west of the Atlantic border: 2d. The absence of
the Middle Cambrian or Olenellus fauna over areas occupied
by the formations of the Keweenaw system.

If we accept the view that the Keweenaw, Grand Cafion, and
Llano strata are outcrops of a system of strata of pre-Cambrian
age that extended, in connection with the Huronian and Lau-
rentian beneath it and projecting up through it, from the great
body of Archean land on the north, southward over the area
now occupied by the central portions of the Continent, or the
Mississippi Valley, and westward to the area occupied by sedi-
ments accumulated on the western side of the Keweenaw sys-
tem of strata when the latter formed a land area, then the ex-
planation asked is given. The pre-Keweenaw portion of this
Keweenaw land must have been extensive as, in the Missouri
area at St. Louis and the Ozark Mountains, the Archean ap-
pears beneath the Upper Cambrian ; and all the eastern slopes

* Professor T. C. Chamberlain gives a most excellent summary of the Keweenaw
series and its stratigraphic position in vol i, of the Geology of Wisconsin. In
the section, on page 65, it is placed as a distinct system, resting unconformably
on the Huronian which, in turn, is separated from the Laurentian by an uncons

formity. The Cambrian is shown above the Keweenaw as a system between it
and the Lower Silurian (Ordovician).
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of the Rocky Mountains of Colorado show only the thin
Upper Cambrian formations resting on the Archean; and the
same is true in the Black Hills and in Central Wyomm The
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Fig. 8.—Hypothetical map showing the supposed Keweenaw land or continent
as it existed just before the deposition of the Upper Cambrian (Potsdam) sedi-
ments. The latter probably extended over most of the area marked X. X, X,
althongh now concealed by the later sedimentary deposits. The age of the
eastern and western belts. marked L?, is still in doubt, but the presence of the
eastern belt is strongly indicated by the geographical distribution of the Cambrian
faunas, L, Laurentian and other Archean formations; K. Keweenaw; T. Llano
formation; C, Grand Cafion formation; X, X, X, area supposed to have been
land surface but now concealed by later deposits.

existence of these Archean areas with the Upper Cambrian
deposits proves the early date of their elevation, and that they
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were the shore line of the pre-Cambrian Keweenaw sea. What
the eastern boundaries of this sea were, we do not now know,
but the inference, from what is known
of the Archean of the Appalachian

73S system, is that portions of the latter
ISR were above the ocean during the depo-

& > sition of the Keweenaw system.
< The traces we now have of this Ke-

weenaw land point to its extension
from the Lake Superior region south
to Central Texas and westward to
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Fig. 9.—Ideal section to show the relations of the Upper Cambrian (Potsdam) strata to the old Keweenaw land. The Mid-
dle and Lower Cambrian strata are shown resting against the slope of the old Keweenaw continent, and the Upper Cambrian

,§ Sy Central Northern Arizona. A glance
S >§>‘><\>'\--§ at the map (fig. 8) shows how far
5 8 apart the relatively small exposures
N § are; but, the great similarity of the
e 3 sections and their position in relation
&S] ) to the Upper Cambrian that rests on

the eroded surface of each visible area,
points to a wide spread orographic
movement that raised the entire cen-
tral portion of the Continent and again
depressed it at the termination of the
period of erosion preceding the deposi-
tion of the Upper Cambrian or Pots-
dam sediments of the Upper Missis-
sippi Valley, Central Texas and Ari-
zona.

The existence of such a land over
the area mentioned, is shown by the
sections we now know; and I think
that, when the areas of Cambrian and
Archean rocks in Missouri and also
along the Southern Appalachian chain
come to be studied with the view that
such a land existed during the period
of the deposition of the earlier deposits
of the Cambrian system, evidence will
be forthcoming to show its former
presence over a large area. On the
north it probably joined the Archean
continent and thus gave a greater ex-
tension of the pre-Cambrian continent
to the south that, during the early
history of the Cambrian period, fur-
ished more or less of the sediments of
the strata of the Lower and Middle Cambrian. The Archean
boundaries of the Keweenaw sea continued after the elevation

B
'
3

Huronian:

NV N/
N
A
v
/7

7G

Laurentian.
The section is diagramatic, but may give the views of the writer to the reader more clearly than the

description in the text.
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of the Keweenaw land. When Keweenaw land is spoken of,
I refer to that formed of the strata of the Keweenaw system
and the Archean rocks with which it was associated.

Before the Keweenaw land was depressed the Middle Cam-
brian fauna passed through or around the barriers between the
Atlantic and western seas, and, as the Keweenaw land was dis-
appearing beneath the waters, the Upper Cambrian fauna
spread over the area occupied by it and left its record to aid
us in fixing the geologic date of the submergence of the
Keweenaw land and to explain the absence of the Paradoxides
or Atlantic fauna in the early Cambrian strata of the western
side of the Continent. In the diagramatic section (fig. 9), I
have endeavored to show the relations of the Potsdam or
Upper Cambrian to the Keweenaw land.

The evidence of the existence of the Keweenaw land is both
stratigraphic and paleontologic. That life existed in the seas
at the time of the deposition of the sediments of the Keweenaw
system, is shown by its presence in the Chuar formation of the
Grand Cafion series.

It may be urged that there is too much theorizing, on insuffi-
cient data, in the preceding statements, but, while waiting the
accumulation of evidence it is well to have a working theory
and as such the * pre-Cambrian Keweenaw land” is proposed,
and the fragmentary remains, less the Archean portions, called
a “ pre-Cambrian Paleozoic System.”





