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PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.® |

By C. R. Van Hise and C. K. Lerra.

INTRODUCTION.

Our purpose is to give an account of the present state of knowl-
edge of the general structure and correlation of the pre-Cambrian
of North America. This book is not primarily a bibliography of
pre-Cambrian literature, nor a petrography of the pre-Cambrian

_rocks, nor a treatment of metamorphism, nor an account of economic
facts. Petrography, metamorphism, and economic geology are con-
sidered only so far as they have a direct bearing upon structural
results, and then the substance of the established conclusions is
given rather than the facts upon which they are based and the man-
ner of reaching them.

The material contained in the volume consists of a general account
of the pre-Cambrian rocks, a summary of all ‘ut1cles or parts of
articles which have contributed knowledge upon the subject con-
sidered, summaries of the conclusions which appear to be established,
and discussion of correlation of different regions.

In the summaries, so far as practicable, the original language of
the author is used, although a single sentence of the summary may be
taken from several sentences of the original. If the ideas can be
conveyed in a briefer or clearer manner_ thfm the original language
conveys them other words are used. No quotation marks are em-
ployed, for the ideas, whether in the original language or not, are
wholly the ideas of the author whose book or paper is summarized—
the whole is really quoted. It may be thought that better results
would have been reached by indicating by quotation marks what
words are taken from the original, but this method would have
necessitated a constant and unpleasant alternation from quoted to
nonquoted phrases, and would-have made it much more difficult to
convey briefly the thoughts of the original, for language adapted
to a complete exposition is often not the best for a résumé.

The abstracts have the defects of all summaries—a certain amount
of inaccuracy because all modifying and qualifying acts can not be

@ This bulletin is a revised and enlarged edition of Bulletin No. 86, published in 1892.
11



12 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

given, and an undue amount of emphasis in the conclusions. In
regions in which much work has been done these defects are not so
serious as in little studied regions, for in the former the observations
of independent observers confirm or neutralize one another. Into
the. summaries the editors enter only in so far that they must of
necessity take what appears to them important and omit what ap-
pears unimportant. Undoubtedly in this respect many mistakes
are made, and future investigations will show that omitted facts
and conclusions have greater importance than now appears.

When the same writer repeats facts and conclusions in several
articles summary is made of the most comprehensive article and
references are made to the others in the footnotes. By giving the
entire summary of the literature of one district before taking up
another, epitomes of parts of a single paper are necessarily dis-
sociated. By this method something of correlation is lost; but
purely general work is summarized in the general chapter (Chapter
I), and the subject of correlation is there treated. :

References to literature are given at the ends of the chapters, the
reference notes having continuous numbers. In the discussions
closing sections or chapters and in the general chapter citations are
not repeated. The original source of any statement attributed to
an author may always be found by the aid of the index, where the
name of each author is followed by references to the pages where
his work is summarized.

In the discussion the aim has been not to call attention to all that
seems to be erroneous, but first to point out where there is harmony
between the different authors, often veiled because terms are used
with different significations, and, second, to note the important con-
clusions which have been clearly determined. Statements and con-
clusions with which the writers do not agree are in general not criti-
cised, nor is any refutation attempted, unless the point at issue is
fundamental and can not be overlooked.

The map, like the summaries, is a résumé of the present imperfect
knowledge. ‘

The necessarily brief summaries will perhaps serve the purposes
of those who are interested in the general stratigraphy of the pre-
Cambrian. They will not answer for those who wish to understand
in detail the structure of any given region. As the summaries are
not made with reference to upholding any theory, they of necessity
will fail to give all the facts which bear upon any particular hy-
pothesis. But even for these special purposes it is hoped this volume
may be found sufficiently full to be useful, and it certainly will be
serviceable in directing students to the important literature. :

The terms “ system,” “ series,” and * formation” are used with
the stratigraphic significance given them in the report of the special
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committee of the United States Geological Survey on nomenclature
and classification for the Geologic Atlas of the United States,
published in the Twenty-fourth Annual Repert, 1903. We shall
speak of the Algonkian system, the Animikie group, the Negaunee
formation. The Keweenawan series and the Huronian series collect-
ively will be referred to as the Algonkian system.

Great difficulty has been encountered because of the unequal value
of statements of fact by different men. Oftentimes we have found
it impossible to discriminate surely between good and poor work
because we were not familiar with the region described. In certain
" cases in which reports have read plausibly an examination of the
purported facts in the field with the accounts in hand has shown the
descriptive parts to be so inaccurate as to render the conclusions,
while apparently well founded, wholly valueless. Facts and theories
may be so inextricably mingled that no independent judgment can
be reached as to the correctness of the conclusions, and often the facts
of a report can not be used even by one personally familiar with the
districts of which the report treats. The conclusions of another class
of geologists are a series of guesses, which generally serve no pur-
pose except that when any one of the numerous guesses has been
established by the patient work of an investigator the conclusion is
at once claimed as a prior discovery of the guesser. Sometimes the
discoveries announced by a writer almost or quite simultaneously
are wholly inconsistent with one another and with the facts which
are described; for as with other men, so with geologists, many opin-
ions are held at the same time which logically are exclusive of one
another. Still another group of writers early reach a general theory
as to the definite order of the evolution of the world. A person of
this group year after year repeats the old statements and conclusions
without any reference to the establishment of their, falsity. More
often than not he is one who has done little or no systematic detailed
field work in any region. All facts and conclusions which bear in
his direction are hailed as discoveries, while every adverse fact or
conclusion is explained out of existence or dismissed as unworthy of
consideration.

By following continuously the summaries of the writings of a
geologist who has been long at work in a region it will generally not
be difficult to get a fairly accurate idea of the value of the work done.

In many instances later work on the pre-Cambrian areas of North
America has naturally been so much more full and accurate than
earlier work that it raises the question whether the earlier work
should be summarized in a book of this sort. Especially is this true
where many of the rocks, early included in Archean or ancient meta-
morphic terranes, have subsequently been found to be Cambrian or
later. In the present edition some of the summaries printed in Bul-

K



14 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

letin No. 86, which do not refer to pre-Cambrian rocks, have been
condensed or omitted. They have been retained, however, if the
rocks described are partly pre-Cambrian or, in a few cases, if the
summary serves to bring out clearly the development of views of
terranes early thought to be pre-Cambrian but later found to be
wholly or in part post-Algonkian. In this way there is retained
some that may seem useless, irrelevant, and overemphasized to any-
one looking for the latest and best information on a pre-Cambrian
area, and some that may seem useless even from a historical stand-
point. 'We may have gone to an extreme in emphasizing the histor-
ical importance of early work, and the space given to the earlier
work may be out of proportion to later and more accurate studies.
In this we have followed our best judgment. In future editions of
the pre-Cambrian correlation papers early summaries will necessarily
be condensed to a greater extent in order to leave room for proper
treatment of later work.

In the preparation of the first edition (Bulletin No. 86), the senior
author visited most of the important areas of the pre-Cambrian of
North America, and since its publication, in 1892, he has given con-
siderable time to the study of the ancient crystalline rocks of the
southern Appalachians and Piedmont, of Pennsylvania and Mary-
land, of New England, of the original Huronian and Lake Superior
regions and their northward extensions, and of the Grand Canyon of
Arizona and other districts of the Cordilleras. The junior author
has studied principally the Lake Superior and Lake Huron regions
and their extensions to the north, east, and west in Ontario. He has
visited also pre-Cambrian areas in Nova Scotia, Newfoundland, New
Brunswick, Arizona, Utah, Colorado, Wyoming, and Montana.

The present edition includes, in addition to the historical treat-
ment, general summaries of the present state of knowledge of the
geology of each of the principal pre-Cambrian areas, without special
regard to the history of the development of this knowledge or of
nomenclature. In case the published literature would not yield a
satisfactory connected summary of the present state of knowledge
regarding an area, this has been supplied by the authors, 1f they were
sufficiently familiar with the ground, or by others who had especially
studied these .areas. Our acknowledgment and thanks are due to
Messrs. Whitman Cross for a summary of the pre-Cambrian geology
of Colorado, J. E. Spurr and Sydney H. Ball for the Georgetown
(Colorado) quadrangle, Walter Harvey Weed for Montana, Walde-
mar Lindgren for Idaho, J. S. Diller for California, Arthur Keith
and Thomas L. Watson for the southern Appalachians and Pied-
mont, Florence Bascom and E. B. Mathews for Pennsylvania and
‘Maryland, George Otis Smith and William H. Hobbs for Massachu-
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setts and Connecticut, A. C. Spencer for southeastern New York and
New Jersey, G. B. Richardson for Texas, Samuel Weidman for cen-
tral Wisconsin, Alfred H. Brooks for Alaska, John A. Dresser for
the Eastern Townships, G. F. Matthew-for New Brunswick, and

" Bailey Willis and Eliot Blackwelder for China. Our thanks are

especially due to Mr. Ezequiel Ordonez for an excellent and compre-
hensive summary of the pre-Cambrian geology of Mexico. Finally
we would acknowledge our indebtédness for valuable criticism to

" Messrs. Frank D. Adams for criticism of the section referring to the

“original Laurentian and Hastings districts, E. R. Faribault for south-
“ern Nova Scotia, Robert Bell and other members of the Canadian
© Survey for the nerthern interior of Canada, J. M. Boutwell for Utah,

N. H. Darton and F. C. Calkins for Idaho and Montana, J. A. Taff
for Indian Territory, Oklahoma, and Texas, I. L. Ransome for Ari-

. zona and Idaho, Waldemar Lindgren for New Mexico, and to others.



CHAPTER L

GENERAL ACCOUNT OF THE PRE-CAMBRIAN ROCKS
OF NORTH AMERICA.

DEFINITION OF PRE-CAMBRIAN.

The base of the Cambrian as defined by Walcott is marked by the
beds known to contain Olenellus fauna or their equivalents. The
pre-Cambrian as used in this bulletin includes all rocks below the
Olenellus beds. For much of the continent an unconformity sepa-
rates the Olenellus beds.from underlying rocks; but in some parts of
the continent the Olenellus beds appear to be continuous and con-
formable with underlying beds, some of which contain no fossils and
some of which contain a few fragmentary fossils earlier than the
Olenellus.

The discrimination and relations of the Cambrian and pre-Cam-
brian are discussed on subsequent pages.

MAJOR DISTRIBUTION AND STRUCTURE OF PRE-CAMBRIAN ROCKS. .

It is convenient to think of the distribution of the pre-Cambrian
rocks of North America as indicating the basal architectural fea-
tures in the ground plan of the continent. The largest area of pre-
Cambrian rocks of North America occupies the northeastern portion
of the continent, extending northwest, north, and northeast from
Great Bear Lake, Great Slave Lake, Athabaska Lake, Lake Winni-
peg, the Great Lakes, and the St. Lawrence system to the Arctic and
Atlantic oceans. This has been called the * pre-Cambrian shield,”
the “ Laurentian continent,” and the “Archean protaxis” of North
Anmerica.

On the southeast the pre-Cambrian shield is separated by a narrow
area of younger rocks from the pre-Cambrian rocks of the northern
end of the Appalachian system or its northeastern extension. Begin-
ning in Newfoundland and extending into Nova Scotia and New
Brunswick and southern Quebec, through New England and thence
down the eastern side of the Appalachian system in the mountains
and in the Piedmont region to Alabama, are considerable areas of
pre-Cambrian rocks which in part are not yet satisfactorily discrim-
inated from crystalline rocks of later age. Detailed study of this
region has continually reduced the estimated exposures of pre-Cam-
brian rocks. Also in eastern Canada and in the Adirondacks of New

16



GENERAL ACCOUNT OF THE PRE-CAMBRIAN ROCKS. 17

York are outliers of pre-Cambrian rocks surrounded by younger sedi-
ments, which, while closely related in distribution to the Appalachian
system, do not form any part of it. In western United States pre-
Cambrian rocks form parts of some of the Cordilleran ranges, and in
northern Montana and Idaho and in southern British Columbia they
occupy very large areas. :

In the Mississippi Valley isolated areas of pre-Cambrian rocks
appear in Wisconsin, Minnesota, Iowa, Dakota, Missouri, Indian
Territory, and Texas.

The general map (PL I) discloses an imperfect concentric group-
ing of the pre-Cambrian areas of North America, with the pre-Cam-
brian shield as the center. Similarly it has often been noted that the
mountain folds of North America are roughly concentric with the
pre-Cambrian shield. Within the pre-Cambrian shield itself there is
a tendency for linear distribution of the pre-Cambrian subdivisions
parallel to its borders, corresponding to axes of folding.

STATE OF KNOWLEDGE.

Of the great pre-Cambrian shield only the southern margin, border-
ing on the St. Lawrence and the Great Lakes, has been studied in de-
tail. Because of the excellent and fresh exposures here developed by
glacial erosion, because of the fullness of the pre-Cambrian succession,
and finally because of the commercial value of the deposits of iron,
copper, nickel, cobalt, and silver in the pre-Cambrian of the Lake
Superior-Lake Huron region, the geology of the southern margin of-
the pre-Cambrian shield has become better known than that of most
other pre-Cambrian areas of North America. Knowledge of this
region is of special importance from the point of view of classification
of the pre-Cambrian formations, since this region is the southern part
cof the great pre-Cambrian shield, and appears to exhibit all the ele-
ments of that shield. The area of the pre-Cambrian rocks for this
immense region is vastly greater than for all of the remainder of
North America, and the fullness of the record there exhibited, so far
as yet known, is not surpassed elsewhere.

In Newfoundland, Nova Scotia, New Brunswick, and southern
Quebec the mapping of the pre-Cambrian is sufficiently advanced to
make possible a fairly definite statement of the general pre-Cambrian
succession of the regions. For much of New England the pre-Cam-
brian rocks have not been discriminated from crystalline rocks of later
age, and where they have been discriminated the details of the pre-
Cambrian succession for large areas are not known. In a few areas,
particularly in southern New England, the pre-Cambrian has been
mapped in detail. If it is remembered that New England has been
the home of many of America’s leading geologists and has been

55721—Bull. 360—09——2
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studied continuously since geological study began in America, the
extreme difficulty and complexity of New England geology may be
realized.

In New York, Pennsylvania, New Jersey, and Maryland and adja-
cent parts of Vlrglma a greater proportional advance has been made.
For most of this region the pre-Cambrian has been separated from
the later rocks and the lithological relations have been determined.
There is also partial agreement as to the succession and correlation of
these units, but there remain important differences of opinion in these
respects,

In'the southern Piedmont region detailed work has been done in
several areas aggregating 7,000 square miles, resulting in the separa-
tion of the pre-Cambrian units. Outside of these areas the great
problem is still the separation of the pre-Cambrian from the later
rocks. The extreme weathering is the principal obstacle in the way
of geological mapping.

The isolated areas of the MlSSISSlppl Valley are all well known
and for the most part adequately outlined.

The distribution of the pre-Cambrian rocks in the Rocky Mountain
region is fairly well known, though there are areas now assigned to
the pre-Cambrian which may be found to be of later age. Detailed
studies of the pre-Cambrian of this region have been made in but few
localities. ‘

In the Great Basin region the crystalline axes of the mountain
ranges were called pre-Cambrian to a large extent before their re-
lations to the Cambrian were determined. To what extent these rocks
are really pre-Cambrian and to what extent post-Cambrian is only
partially known. There has been almost no detailed mapping of
the pre-Cambrian rocks in this region.

In the Sierra Nevada, in the Coast Range, and in the Klamath
Mountains the crystalline core rocks have been thought to be partly
pre-Cambrian, but the next overlying rocks are so late in age and the
region has been so deformed by late earth movements that a dis-
crimination of the pre-Cambrian from later rocks is yet unsatisfac-
tory. Almost nothing has been done in the way of the subdivision
of the pre-Cambrian.

DISTINGUISHING FEATURES OF PRE-CAMBRIAN ROCKS.

There is difficulty in defining general distinguishing features of
the pre-Cambrian rocks because they differ greatly among them-
selves. It will be seen later (pp. 19-25) that they may be naturally
divided into two systems. The physical contrasts, from almost every
point of view, between these two systems are In places greater than
between the later system and the lower Paleozoic. Practically the
only uniform distinction between the later system and the Paleozoic is

-
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the relative sparseness of fossils in the pre-Cambrian. As a whole,
pre-Cambrian rocks are characterized by a relatively high degree of
crystallinity and metamorphism, by a great abundance of igneous.
rocks, and by schists and gneisses of doubtful origin, in all of these
respects differing in general from the post-Cambrian rocks. Locally
in the Appalachians, where the post-Cambrian rocks have been
closely folded and intruded with great masses of igneous rocks, they
have been. so metamorphosed that their discrimination from the pre-
Cambrian rocks is extremely difficult. On the other hand, in the
Lake Superior region certain of the later pre-Cambrian rocks have -
been so little metamorphosed that they resemble the unmetamor-
- phosed Cambrian sediments of this region, and geologists have
differed as to whether they should be correlated with the Cambrian
“or the pre-Cambrian. In various parts of the Cordilleras igneous
rocks of post-Cambrian age are so abundant that pre-Cambrian age
may not be premised for a series predominantly igneous. The re- .
verse of this appears in the Lake Superior region. Distinct fossils, .
while lacking in the pre-Cambrian of most areas, are found in at
least two pre-Cambrian areas of the United States. The pre-Cam-
brian of the great shield is separated from later rocks by a great un-
conformity. This is true for other pre-Cambrian areas, but not for
all. In the Appalachian and Piedmont regions the known Cambrian
grades. down into the Ocoee group, here assigned in part to the pre-
Cambrian. In northwestern United States and adjacent parts of
British Columbia the Belt series and its equivalents are separated
from the Cambrian by an inconspicuous erosion interval, and in
places seem to grade directly into the Cambrian. :

The pre-Cambrian rocks illustrate all processes of metamorphism,
including katamorphism and anamorphism. Indeed, so largely are
they altered that the study of pre-Cambrian geology involves a study
of the principles of metamorphism. Especially well shown are the
changes . which accompany the development of schistose structures
under deep-seated conditions. The exposures of the pre-Cambrian
of northern North America have been so stripped of their weathered
products by glaciation that excellent opportunities are afforded for
studying deeper-seated alterations.

SUBDIVISION OF THE PRE-CAMBRIAN.
THE DUAL CLASSIFICATION. '

The United States Geological Survey has since 1889 recognized a
dual division of the pre-Cambrian into Archean and Algonkian.®

o Tenth Ann. Rept. (for 1888-89) T. S. Geol. Survey, 1890, p. 66 ; also Twenty-fourth
Ann, Rept. {for 1902-3) U. S. Geol. Survey, 1903, p. 26.
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The senior author has favored the term Proterozoic (earlier life) as
the era equivalent of the Algonkian. His proposed classification
of the pre-Cambrian as given in the first edition of this bulletin
(Bulletin No. 86) and repeated in the Sixteenth Annual Report of
the United States Geological ‘Survey, except that “Agnotozoic” is
omitted, reads as follows:

Era or group. Period or system.
Paleozoic. Cambrian and others.
Agnotozoic or Proterozoic_________________ Algonkian.
Archean________ e Archean.

When it was proposed to use “Agnotozoic ” or Proterozoic as the
equivalent of Algonkian it was not known that the Archean contained
sediments. _

A few fossils had been found in Algonkian rocks. Thus there
was a certain basis for using the term Proterozoic as equivalent to
Algonkian. But carbonaceous shales, limestones, and iron formation
rocks extend to the very bottom of the known geological column,
suggesting existence of life in the earliest rocks. However, the life
remains of the pre-Cambrian are far too scant to warrant any attempt
at subdivision of the pre-Cambrian on the “zoic ” basis. The major
classification of the pre-Cambrian has been made upon a physical and
not a paleontological basts. For this reason, therefore, the writers
prefer to use the terms Archean and Algonkian, without separate
“gzoic” equivalents.

Our proposed classification of the pre-Cambrian is as follows:

) One or more series in various geological prov-
Algonkian_______ inces, separated by unconformities. To these
series local names are applicable,

Unconformity.
Keewatin,
Archean_________ Eruptive unconformity.
Laurentian.

Chamberlin and Salisbury,’ in their text-book of geology, have
proposed the divisions Proterozoic and Arch@ozoic for the rocks
which we here call Algonkian and Archean, but such “ zoic ” division
is not founded on evidence furnished by fossils and represents a hope
of the future rather than achieved results. It seems probable from the
great physical contrasts in the Archean and Algonkian that this
proposed “zoic” division would be justified if we could know the
life of these.two eras, though this is yet a speculative belief based
upon general principles.

@ Sixteenth Ann. Rept. (for 1894-95) U. S. Geol. Survey, pt. 1, 1896, p. 762.

b Chamberlin, T. C., and Salisbury, R. D., Text-book of geology, vol. 2, 1906, pp.
133-217
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Emile Haug, realizing the difficulty of dividing the pre-Cambrian.
on the “ zoic ” basis, has proposed to use only a single  zoic” term
for all of the pre-Cambrian rocks. For this term he has chosen the
word “Agnotozoic,” which he separates into Archean and Algonkian.
If Professor Haug’s plan be followed, it seems to us that the prefer-
able term for this place is Proterozoic rather than “Agnotozoic.”

However, since the proper choice of “zoic” terms can be made
only by future development of knowledge, and there is no consensus
of opinion on the matter, we shall avoid introducing the “ zoic”
nomenclature into this discussion, confining ourselves, as has been
said, for the major subdivisions of the pre-Cambrian to the terms
Algonkian and Archean, the forms of which correspond with the
physical basis upon which the separation is actually made.

It does not follow from emphasis on structural and physical char-"

acteristics rather than paleontological differences that this classifica-
tion has any less value than at later periods. As Chamberlin ex-
presses it:?

The groups Paleozoic, Mesozoic, and Cenozoic are not, in the conception of
some of us, defined by a distinct kind of life, as in the case of some of the minor
horizons, for the life fits better the idea of a gradation than of a distinct sepa-,
ration. These great divisions are rather, as I see it, at least, great historic
movements fundamentally dependent upon dynamic events, than paleontological
divisions. Originally they were supposed to be separated by universal catas-
trophies to life, and their distinctness was due rather to the intervention of the
catastrophe than to the different quality of the life, which is merely seized upon
as a characteristic suited to nomenclature.

In this sense the Algonkian system is characterized by essentially
the same criteria as the Paleozoic and the Mesozoic.

The Algonkian includes the major part of the pre-Cambrian sedi-
mentary rocks—practically all to which ordinary stratigraphic meth-
ods may apply—though it also contains sediments so deformed and
metamorphosed that their stratigraphy can not be deciphered. The
Archean is the basement complex, perhaps including several series or
groups, upon which the Algonkian rests, so far as known, with uncon-
formity. It includes massive igneous rocks, acidic and basic, crystal-
line schists and gneisses derived from them, large masses of schists
and gneisses of unknown origin, and relatively small masses and
shreds of fragmental formations so highly metamorphosed and so
closely associated with the schists and gneisses in structure and age
that they can not yet be practicably separated in mapping.

The Algonkian is characterized by well-assorted fragmental and
chemical sediments giving evidence of extensive decomposition of
land areas and of the passage of normal cycles of erosion. Igneous
rocks are abundantly present, but for the most part are subordinate

@ Traité de Géologie, I, Les Phénoménes géologiques, Parls, 1907, p. 22.
® Personal communication, January 6, 1908.
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in amount to the sediments. The Archean is characterized mainly
by igneous rocks, with the sediments in very small quantity. The
Archean sediments, moreover, are frequently of “ wacke ” type, and,
so far as known, are not largely of the cleanly assorted kinds result-
ing from complete decomposition, as in the Algonkian. The differ-
ences between the Archean and the Algonkian may even express them-
selves in topographic contrasts. For instance, in the Lake Superior
region a peneplain on the Archean has most irregular minor varia-
tions on the surface, while the same peneplain crossing the Algonkian
rocks is characterized by linear and somewhat regular features. In
the preparation of the final Lake Superior report a physiographic
study of the region resulted in subdivision into physiographic prov-
inces which were found to correspond essentially with the division

"into Archean and Algonkian.

The Archean rocks are highly folded, contorted, mashed, and meta-
morphosed and usually contain secondary structures. Also the older
of them have been intruded again and again by plutonic igneous
rocks on a scale not equaled in the rocks of any other period. Thus
the Archean.presents intricacy of structure and metamorphism not
paralleled by any other system of rocks. The Algonkian rocks also
have been extensively folded, metamorphosed, and intruded by igne-
ous rocks, but in these respects are less intricate in their structures
than are the Archean rocks. It follows from these differences that
to the Algonkian rocks ordinary stratigraphic methods can be usually
made to apply, as in the Paleozoic, whereas in the Archean there has
been little progress in stratigraphy. In addition to the above points
of difference it has been found that in general there is a great uncon-
formity at the top of the Archean. This immense unconformity,
strongly marked by .basal conglomerates, explains the contrasting
points in lithological character, amount of deformation, intricacy of
intrusion, and degree of metamorphism of the two systems of rocks.
So striking are the differences between the two systems in lithology,
structure,-and metamorphism that in field study and mapping a broad
dual classification is naturally made, regardless of the significance
of such classificationor theories of origin. This practical distinction
has been recognized by many workers who have given much time to
mapping the pre-Cambrian formations, from the days of -Logan to
the present time. In the Marquette district of Michigan, for illus-
tration, this classification was made from the first by a number of
geologists, although under different names and with different inter-
pretations. We believe it is hot going too far to state that usually
where the pre-Cambrian succession has been fully worked out, in an
area where it is reasonably full and well exposed, enough criteria for

~ the separation have been found to make the dual classification into
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systems corresponding to Archean and Algonkian a natural and con-
venient one for purposes of description and mapping.

The above statements in reference to the Archean differ from those
in the previous correlation bulletin (No. 86) in that the presence of
sedimentary rocks in the Archean is now definitely recognized. It
was never held that sedimentary rocks did not exist in the Archean,
for the possibility of sedimentary origin of some of the doubtful "
Archean rocks was repeatedly mentioned, but emphasis was placed
on -the fact that the rocks then assigned to the Archean were igneous
so far as their origin was recorrm?ed This became then one of the
common criteria for the separation of the Archean from the Algon-
kian. But it should be remembered that this was only one of the
criteria used and that the general contrasts in lithology, structure, -
and metamorphism, together with the magnitude of the unconform-
ity separating them, were given equal weight. The discovery of
definitely recognizable sediments in the Archean now requires that
less emphasis be laid upon sedimentary origin as a criterion for sep-
arating the Algonkian from the Archean, although the criterion still
remains an important one; for the Algonkian rocks, as already in-
dicated, are characterized by well-assorted sediments, to many of
which ordinary stratigraphic methods apply, while the Archean is
not so characterized. The assignment of sedimentary rocks to the
Archean does not in the least affect the other important criteria for
the discrimination of the Algonkian and the Archean. ‘

The recognition of sediments in the Archean has naturally led to
some confusion where undue emphasis has been placed on sedimen-
tary origin as a criterion for the separation of the Algonkian from
the Archean. This is one of the easiest criteria to apply and has been
seized upon and made the one criterion in districts where structural
and metamorphic discrimination has not been made or is not possible.

Our development of knowledge may be summed up in thé state-
ment that the broad dual classification into Archean and Algonkian
was based on a considerable number of factors; that one of these
factors has been found to be less conclusive as a means of discrimina-
nation than previously thought, although still important; that the
remaining factors have the same weight as formerly; and that the
classification into Archean and Algonkian is as fundamental as before
thought. The classification was proposed as a working, not as a
theoretical, classification. With advance of knowledge, modification
of our understandmg of its significance was.to have been expected,
and may be expected in the future. Sederholm ¢ aptly expresses the
situation when he writes:

I think we have warnings enough from the prior history of the geology of the
oldest sediments. Many times when geologists have- succeeded in subdividing

e Personal letter.
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the basement of the oldest clastic formations, then recognized as such, they
have begun with separating a younger clastic series from a new basement com-
plex, older than that which bore that name before, In the beginning, no

" opinion has been expressed as to the question whether this complex contains
clastics or not. But after a time this practical division made in the field has
been confounded with the theoretical one, the ‘“basal plane” of life is thought
to lie at the bottom of the clastic series, and the basal complex is unduly
regarded as Azoic. ‘

Chamberlin and Salisbury ¢ state that the mode of derivation is
perhaps the most important distinction between the Algonkian as a
whole and the Archean.

The Algonkian sediments were produced by mature decomposition of older
rocks, and this implies that they were not derived by rapid mechanical abrasion,
such as that which accompanies and follows great elevation and excessive
precipitation. The great series of quartzites were derived from the complete
decomposition of quartz-bearing rocks, and involved the almost complete separa-
tion of the quartz grains from other constituents, while the thick beds of shale
arose from the complementary clayey products of decomposition, from which
most of the basic oxides had-been removed by carbonation. It is scarcely too
much to say that the material of the larger part of these great series first be-
came soils on the surface of the parent areas, and were only removed at a rate
that permitted the renewal of the soil beneath as fast as it was washed away
above.

They believe that the Archean sediments contrast with Algonkian
sediments in being the results of immature decomposition. This sug-
gestion is a most interesting one and may afford a new line of attack
on the problems of the subdivision of the pre-Cambrian.

DIFFICULTIES IN LOCAL USE OF CLASSIFICATION,

It has been urged that even if it be desirable to use general terms
like Archean and Algonkian for certain regions, there are other
regions where such classification is unnecessary, undesirable, and mis-
leading in that it implies a correlation which is not warranted; that
the terms Algonkian and Archean are really local terms and should
not be used in general classification. It is agreed that there are pre-
Cambrian successions in which the known facts do not now seem to
warrant this dual subdivision of the pre-Cambrian. But the diffi-
culties of applying this classification locally should not stand in the
way of classifying our knowledge of the districts in which it does
apply, which, as a matter of fact, include the vast regions of pre-
Cambrian in which are the fullest and best-known pre-Cambrian
successions in the world. Even in post-Algonkian fossil-bearing
rocks it is frequently impossible to carry the same classification, even
as to systems, from one region to another, and when the classification
is carried over it seldom has precisely the same significance litho-
logically, stratigraphically, and chronologically. Yet if the classi-

@ Text-book of geology, vol. 2, 1906, pp. 199-200.
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fication is based on the largest number of essential factors common to
many districts, it is of value as an aid in grasping the essential points
in similarity of geology and serves as a standard for the measure-
ment and expression of local variations. In $ome regions it is diffi-
cult, indeed impossible, to place the dividing plane between the Cam-
brian and the Ordovician. For instance, in the eastern United
States 1t has been found so impracticable to do this that a great lime-
stone formation is known.as the Cambro-Ordovician limestone. In
various regions it is difficult to place the plane between the Paleozoic
and the Mesozoic, and elsewhere between the Mesozoic and the Ceno-
zoic. The same is true also of the Cambrian and the pre-Cambrian.
For instance, although it is easily possible to place the boundary
between the Paleozoic and the pre-Cambrian in Montana, yet in the
area along the international boundary and to the north in Canada’
it is extremely difficult to make this division, and the discrimination
has not yet been made. These difficulties in making discrimina-
tions locally between geological divisions which are generally
recognized are especially likely to be found where there is continuity
- in the sediments of different periods, where fossils are absent or have
been obliterated, where there has been strong metammphlsm, and
where great igneous intrusions have taken place.

The fact of the matter is that geological classification must be
‘made up from regions where the relations are known rather than
from regions where the relations are not known. To follow any
other method than this would hopelessly bar geological progress. As
has been pointed out, in the great area of the pre-Cambrian shield
of Canada, which should give the basis for the division of the pre-
Cambrian rocks of North America, it has been practicable, wherever
close studies have been made, to separate the Archean and the Algon-
kian. The same has been eqmlly true in the great pre- Cmmbrlan
area of northern Europe, including Scotland, Scandinavia, and
Finland, and also in China.

It is therefore certain that the discrimination between the Archean
and the Algonkian is one of fundamental importance in the vast
areas of pre-Cambrian which should give the basis for classification.
In some outlying areas, where it is not practicable or advisable in
the present state of knowledge to make the division between Archean
and Algonkian, the rocks may be called pre-Cambrian. In this mat-
ter we follow well-known procedure. For instance, in various
regions all the rocks antedating the Mesozoic are so complexly inter-
mingled and so difficult to discriminate that they are called simply
pre-Mesozoic, leaving to the future the separation of the different
units of the basement complex, which may include all rocks ante-
dating the Mesozoic. Many other illustrations of the same principle
could be given.
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ARCHEAN SYSTEM.

The Archean system is a crystalline complex beneath the base of
the determined sedimentary succession. Dana, followed by the Cana-
dian and other geologists, used the term “ Archean” in the sense of
pre-Cambrian, It is still so used by the geologists of the Canadian
and some other surveys. The United States Geological Survey has
restricted the term to a complex of basic and acidic surface and deep-
seated igneous rocks, of schists and gneisses in part derived from
them and in part of unknown origin, and of shreds and small masses
of metamorphosed sediments, all unconformably below and older
than the Algonkian sedimentary rocks, which are the lowest series
in which ordinary stratigraphic methods have been applied. Their
lithological variations are many. The common kinds are granites,
micaceous, hornblendic, chloritic, and quartzose schists and gneisses,
metabasalt, metadiabase, and metagabbro. The sedimentary rocks
include slate, graywacke, conglomerate, tuffs, iron formation, and
marble. The Archean as a whole is homogeneous in its hetero-
geneity. Its characteristic, though not universal, structure is cleav-
age or schistosity, often much folded and contorted. It frequently
possesses also a banded structure, sometimes developed with the cleav-
age during rock flowage and sometimes due to minute parallel igneous
intrusions parallel to the schistose layers.

SUBDIVISION OF ARCHEAN SYSTEM.

To the present time the subdivisions of the Archean system are
mainly those of igneous succession rather than those of sedimentary
stratigraphy, although in two or three districts there has been an
attempt to apply sedimentary stratigraphy to relatively small areas.

In the Lake' Superior-Lake Huron part of the pre-Cambrian shield
of the Archean it has been possible to -divide the rocks into
two series. The older series of the Archean has been called the
Keewatin. This division of the Archean consists largely of various
greenstones and green schists, which, where not greatly metamor-
phosed, show the structures and textures of volcanics. In other
words, the most characteristic and ‘extensive class of rocks of the
- Keewatin is a surface material. A very common feature of these
volcanics is a peculiar ellipsoidal structure which has been fully
described by Clements and others. With these igneous rocks are sub-
ordinate amounts of iron-bearing formation and slate. Prior to 1905
the Keewatin had been called the “ Mareniscan ” by the senior author,
but he now follows the recommendation of the joint committee of
Canadian and United States geologists that Keewatin be used because
of its prior use by Lawson for the series as typically exposed in the
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Lake of the Woods district, but only later defined by the above-
mentioned committee in the broad sense used in this volume.

The second division of the Archean, the Laurentian, consists of
granite, granitoid gneiss, gneiss, and acid schists, characterized by
red or light colors. Wherever this series comes into contact with
the Keewatin the rocks of the Laurentian are found to be intrusive
into the Keewatin. In general the intrusions occurred under deep-
seated conditions. ' 4

Thus the separation between the two great divisions of the Archean
is upon the basis of age, but with this go further contrasts as to vol-
canic and plutonic characters and contrasts in lithology and color,
in general the Keewatin being composed of intermediate or basic
rocks, while the Laurentian is mainly composed of acidic rocks.

In the Lake Superior part of the pre-Cambrian shield the closest
studies have been made of the relations of the Laurentian and
Keewatin, and in a number of areas there has been an attempt
to separate the sedimentary portion of the Keewatin from its
volcanic portion. For instance, in the Keewatin of the Ver-
milion district the larger masses of the iron formation have been
separated from the metabasalts and schists in the mapping, and evi-
dence is offered to show that the iron formation is, at least in part,
stratigraphically above the associated greenstones. In the Lauren-
tian of the same district several igneous masses have been discrim-
inated and their relative ages determined. In the Marquette district
the Keewatin has been subdivided into the Mona schist and the
Kitchi schist, and the Laurentian is also subdivided. Notwithstand-
ing the success in subdividing the Archean into formations upon a
lithological basis in certain of the Lake Superior districts, the fact
remains that for the Lake Superior region as a whole vastly more re-
mains to be done than has been accomplished.

This same division of the Archean into Keewatin and Laurentian,
which prevails in the Lake Superior region, has been found by us to
apply to the great region north of Lake Huron.

Miller has also found this broad subdivision into Keewatin and
Laurentian to apply in eastern Ontario and western Quebec. Miller
and Knight have recently concluded that part of the Grenville rocks
of the Hastings district are similar to the Keewatin.in lithology and
. relations and are to be correlated with it. 'The problem of correlation
of the Grenville as a whole is still unsolved. N

We believe, from field observation and from a study of the litera-
ture, that the classification may apply somewhat generally in eastern
Canada and Newfoundland. :

It thus appears that the division of the Archean into Kee-
watin and Laurentian applies for the greater area extending from
" the west end of the Lake of the Woods at least to the east-
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ern part of Ontario, a distance of 700 miles. While the great
northern extension of this shield has not been studied in such detail
as to enable the geologists who have traversed it at intervals wide
apart to map the Keewatin and Laurentian separately, those who
are familiar with the southern part of the area of the pre-Cambrian
shield do not doubt that this discrimination can be carried out when
detailed mapping is undertaken for this vast region.

In this pre-Cambrian shield, in addition to the granites, gneisses,
and schists which antedate the Algonkian, there are later igneous
rocks which intrude the Algonkian. For great areas where recon-
naissance work has been done the granites and gneisses of the Archean
have not been discriminated from those intrusive into the Algonkian,
but both have been mapped under the designation “ Laurentian.”
This practice has been necessary because of the difficulty of making
discriminations for the immense areas of crystalline rocks accessible
only by arduous travel by canoe. In recognition of this situation, the
international geological committee in 1905, while defining Lauren-
tian as above stated, recommended that its use be also permitted, pref-
er ‘Lbly with an explanatory clause, for broad areas of granites and
gneisses where the masses of different ages have not been discriminated.
This recognizes the present usage of * Laurentian ” on many of the
Canadian maps, but should not be construed as an approval of the view
that this “ Laurentian ” as a whole is intrusive into the Algonkian.
A considerable part of the rocks mapped as “ Laurentian ” is intrusive
into the Algonkian, but another large part is intrusive only into the
Keewatin. “ Laurentian,” as used in the broad sense, becomes a catch-

all for pre-Cambrian gneisses and granites of any area where struc-'

tural relations have not been discriminated. There is danger that
unless the narrower and much more desirable application of the term
recommended by the committee be emphasized the discrimination of
Archean and Algonkian granites, so important for structural pur-
poses, will be overlooked This has been one of the most fruitful
sources of controversy in the mapping of the pre-Cambrian to the
present time. It is obvious that statements concerning the relations
of the “ Laurentian ” in the broader sense can not have the same sig-
nificance as those relating to the- Laurentian as limited by the inter-
national committee.

A similar dual classification of the Archean has been made by
Keith in the southern Appalachians and Piedmont, where an ancient
gneiss series is intruded by granites. There is little evidence upon
which to base a correlation of this Archean or its subdivisions with
that of the pre-Cambrian shield.

TFor other areas of pre-Cambrian little has been done toward the
subdivision of the Archean.

———

—
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It is possible—indeed probable—that some of the rocks which in
the eastern part of the United States and in the Cordilleras have been
referred to the Archean will in the future be ascertained to be Algon-
kian. It has already been pointed out that in a given area, until it
can be ascertained whether a group of pre-Cambrian rocks is Archean
or Algonkian, the general term pre-Cambrian may wisely be used.

ORIGIN OF THE ARCHEAN.

The lithological complexity of the Archean is such that no general-
1zed statement can be made to cover the origin of all its rocks.

Rocks in ascord with Hutton’s law that the present is the key to the
past—The abundant igneous rocks and the schists and gneisses clearly
recognized as their altered equivalents are not different from igneous
rocks of later age, except perhaps in amount of metamorphism shown
in many localities, and hence so far as these rocks are concerned a dis-
cussion of the origin of the Archean would involve a discussion
of the origin of igneous rocks in general. The small -amounts
of sedimentary rocks and schists and gneisses known to be their altered
equivalents are also not different in kind, though differing in relative
proportions of kinds, in total amount, and in metamorphism, from
sedimentary rocks of Algonkian and later eras. The oldest known
Archean rocks, the Keewatin of Lake Superior and eastern Canada,
come under the classes of rocks definitely recognizable as of igneous
and sedimentary origins. Some of the oldest pre-Cambrian rocks
have been regarded as sedimentary in the Piedmont area from Penn-
sylvania southward into the Carolinas, and in the Georgetown dis-
trict of Colorado. It is of interest to note also that the earliest sedi-
ments and gneisses of the Lewisian in Scotland are in places so
intimately associated as to suggest that the gneisses may be intrusive
. into the sediments, which would make the sedimentary rocks the old-
est in the region. Sederholm finds sedimentary rocks well toward
the base of the pre-Cambrian of Finland and believes that certain
earlier gneisses will prove to be sediments.

But the Archean contains in addition large masses of gneisses and
schists whose origin has not been proved. They are essentiaily the
same as gneisses and schists which have been shown to result from the -
metamorphism either of igneous or of sedimentary rocks, and it is
probable that a part of them, an unknown proportion, are so derived.
That any of them represent rocks of different origin, possibly the so-
called original crust of the earth or its downward crystallization, nec-
essary to the nebular hypothesis of the origin of the earth, there is yet
no positive evidence to show, but the existence of such Tocks is possi-
ble. It has been held that the granites and gneisses of the Laurentian
have resulted from the subcrustal fusion of igneous or sedimentary
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rocks when buried under great thickness of later rocks, and that, after
having undergone subcrustal fusion, they have invaded the overlying
rocks and thus may have served as the basement upon which the over-
lying rocks were deposited, notwithstanding the fact that they now
show intrusive relations to the overlying rocks. Such intrusive rocks,
whatever their ultimate source, are igneous at the point of intrusion,
and thus the subject of subcrustal fusion becomes one of the origin
of igneous rocks, which need for our purposes be only incidentally re-
ferred to. The particular evidence brought forward that some of the
Archean igneous rocks have resulted from fusion of sediments is:
(1) Observed gradation between igneous rocks and sediments; (2)
composition of the igneous rocks influenced by the digestion of the
adjacent sedimentary rocks; (3) density stratification of the digested
rock resulting in differentiation, thus perhaps causing the part of
the igneous mass in contact with the given sedimentary to have a dif-
ferent composition from that required by the digestion of the adja-
- cent sediments; and finally, (4) broad field relations, as for instance
where great oval areas of granite bulge up through limestone or other
formations, as in the Hastings and original Laurentian districts. In
limited areas evidence of subcrustal fusion seems to be reasonably con-
clusive, but to the present time the quantity of material which has
been proved to be of this origin is insignificant as compared with the
masses of igneous rocks in the Archean. In the nature of things, con-
clusive evidence could scarcely be expected throughout these masses.
That subcrustal fusion has taken place upon such a scale as to account
for any large part of the Laurentian is yet unproved. -

Departure from uniformitarianism.—When we consider the relative
proportions of rocks of igneous and sedimentary origin the Archean
does represent a departure from the uniformity of conditions of later
geological time. Igneous rocks make up by far the greater part of
the Archean. The Archean was essentially a period of world-wide
volcanism. ~Sedimentary rocks are relatively insignificant. The
sediments may have been more abundant in upper horizons of the
Archean than in lower, and have been largely removed by erosion.
Sedimentary rocks may have been metamorphosed beyond recogni-
tion into gneisses and schists. To some extent this is doubtless true,
but even if a considerable part of the schists and gneisses of unknown
origin were found ultimately to be sedimentary the sedimentary part
of the Archean would still be subordinate to the igneous part.

"So far as present evidence of the relative importance of sediments
and igneous rocks in the Archean is concerned, the known facts do
not contradict Chamberlin’s hypothesis of the development of the
earth by solid meteoric accretion. On this hypothesis the earth
must have reached a sufficient mass to hold at least the beginnings of
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a hydrosphere in which sedimentary rocks could be deposited at a
‘period long antedating that of the formation of the Archean rocks
which now appear at the surface. If erosion were to cut much deeper
into the Archean it might still show shreds of sedimentary rocks,
which might decrease in quantity the further erosion continued. On
this hypothesis also the earlier rocks should be less well assorted than
the later ones. As already noted, Chamberlin and Salisbury contrast

Cleavage and gneissose structure in the Archean and crustal
shortening.—One of the most conspicuous features of the Archean
rocks is the prevalence of banded, gneissose, and schistose structures
over very large areas. That these structures are in some part de-
veloped by a secondary mechanical action admits of no doubt. It
seems to be likely, however, that certain of the gneissose and banded
structures were developed before the masses had finally cooled. Seder-
holm thinks he has shown this conclusively for certain of the Finnish
rocks. If the structures are secondary it is certain that some of the
rocks have been under such extreme conditions of pressure and tem-
perature as practically to be brought again into the plastic state.
That the Archean.rocks should show more secondary deformation
‘than the later ones is to be expected from their greater age. Most
theories of crustal deformation postulate a shearing or tangential
movement of a rigid outer crust over a liquid, plastic, or semiplastic
interior. The observed facts in the field suggest the existence of
such a slip zone. Van Hise has suggested that the slipping below
a rigid crust is due to the fact that the movement here is by rock
flowage, which seems to require less energy than deformation by rock
fracture, which the upper rigid zone must suffer. Van Hise has
further suggested that the eastward dip characteristic of many of the
Archean areas of North America may have been developed during a
westward slipping of the crust under tidal stresses. Chamberlin has

suggested that if the sea beds represent.areas of sunken wedges or

blocks of the earth, and the continent the projecting wedges or blocks,
there should be a thrust developed near their contact such as to
produce a cleavage dipping toward the continental areas and away
from the sea.

The large amount of folding and cleavage in the Archean has .

been taken to imply a much larger amount of crustal shortening for
this period than has occurred in any ‘subsequent period. It is diffi-

cult to make any quantitative estimate because all later deformations’

have affected the Archean, because the cleavage may indicate in part
tangential shearing of an outer over an inner shell, as described above,
rather than crustal shortening, and because the vast masses of igneous
intrusions of the pre-Cambrian occupy space compensated by the
folded and schistose rocks surrounding them. While the folding and

V) e

the little-assorted “ wacke ” type of the Archean and later systems. "
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cleavage of the Archean represent a considerable amount of crustal

shortening which took place before the deposition of the Algonkian °
and later rocks, there is not sufficient evidence to show that this short-

ening before Algonkian time was greater than that during later

periods of equal length.

Conclusion concerning origin of Archean.—The rocks of the Arch-
ean include (1) dominantly plutonic and surface igneous rocks, (2)
small masses of sediments, (3) considerable masses of schists and
gneisses clearly derived from secondary alteration of the igneous and
sedimentary rocks, (4) very subordinate amounts of gneisses result-
ing from subcrustal fusion of sediments, and (5) other schists and
gneisses of unknown origin.

In the Lake Superior region and over large areas in Canada the
oldest determinable rocks of the Archean are dominantly surface vol-
canics, with which are very subordinate amounts of sediments. In
these ancient rocks there have been intruded plutonic igneous rocks
upon a great scale.

ALGONKIAN SYSTEM.

The Algonkian system, as this term is used by the United States
Geological Survey, includes sedimentary formations and their meta-
morphosed equivalents with associated igneous rocks beneath the
Cambrian and resting upon the Archean complex. It includes the
greater part of the sedimentary rocks of pre-Cambrian age and prac-
‘tically all to which present stratigraphic methods have been found to
apply, though it contains also sedimentary rocks so deformed and
metamorphosed that their stratigraphy is obscure. The sedimentary
rocks not included are those in small quantities so intimately asso-
ciated with the rocks of the Archean unconformably below that their
stratigraphic relations to the adjacent rocks are not fully known.
The Algonkian sediments are known to contain a few fossils, repre-
senting the earliest forms of life yet found. No indisputable fossils
have been found in the sediments of the Archean below.

EXTENT AND SUBDIVISION OF THE ALGONKIAN.

In the Lake Superior region, where the Algonkian system is de-
veloped in fullest succession, it may be subdivided on the basis of
unconformity into four groups, each consisting of several forma-
tions. North of Lake Huron three Algonkian groups are known.
In other areas the divisions are fewer.” Part of the Hastings and
Grenville rocks of eastern Ontario and western Quebec are probably
Algonkian, but their stratigraphy and correlation are not yet solved.
The largest area of Algonkian known is that of the Belt series
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of northern Montana, Idaho, and southern British Columbia. The
Belt series is subdivided lithologically into a number of formations,
but represents practically continuous deposition. TFo the south in
Montana the Cherry Creek sedimentary rocks are assigned to the
Algonkian. While their relations to the Belt series are not shown
by direct contact, the relatively greater metamorphism and deforma-
tion of the Cherry Creek group indicate its earlier age and prob-
able separation by unconformity. The quartzites of the Ulinta and
Wasatch mountains, correlated with the Belt series, are essentially
structural units. The same is true of the quartzites and slates of
Needle Mountains, Colorado. In the Grand Canyon of the Colorado
there are two groups classed in the Algonkian, separated from each
other by a minor unconformity.

The vast quantities of intrusives and igneous rocks in the Algon-
kian are given the names of the series which they intrude or are
interbedded with, provided it can not be shown that they are of later
age. Thus granites intrusive into the Algonkian but not into later
systems are Algonkian granites. This differs from the method of
some geologists of the Canadian Survey, who have commonly called
such granites “ Laurentian,” but this method is now discontinued by
the Canadian Survey so far as practicable.

FOSSILS IN THE ALGONKIAN.

Fossils are very rare in the Algonkian system. From several
localities discoveries of fossil forms have been reported, but, with
two exceptions, these are held by Walcott to be inorganic or doubt-
fully organic. The two exceptions are the fossils in the Belt series
of Montana and those in the Chuar group of the Grand Canyon
series, both of them referred to the Algonkian. In the Belt series the
fossils thus far found occur in the Greyson shale, at a horizon ap-
proximately 7,700 feet beneath the summit of the Belt series at its
maximum development. The fauna includes four species of annelid
trails and a variety that appears to have been made by a minute
mollusk or crustacean. There also occur in the same shales thou-
sands of fragments of one or more genera of crustaceans, some of
them of considerable size. Crustaceans were found also by Weller
"in the same series in the ‘lowest limestone exposed in the Rocky
Mountain front, near the forty-ninth parallel. The fossils of the
pre-Cambrian Grand Canyon series are a small discinoid shell
found in the upper division of the Chuar group and a Stromatopora-
like form from the upper portion of the lower division and the
central portion of the upper division of the Chuar. Other obscure
forms appear whose identification is doubtful.

55721—Bull. 360—09—3
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Additional evidence of lifé in the Algonkian is the existence of
carbonaceous shales, slates, and schists. Limestone and iron-bearing
formations may point in the same direction. - Still another doubtful
bit of evidence bearing toward the existence of life is the fact that
the. Algonkian sediments derived from the Archean are the result
of mature decomposition, which is held by Chamberlin and Sahs-
bury ¢ to imply the agency of. vegetation. :

The progress of paleontological knowledge has been downward.
Before there was a recognized Cambrian there was a well-defined
Silurian, and it is possible that when all parts of the world become
geologically known other faunas will be discovered below the Cam-
brian as distinctive in character as the Cambrian is from the Silurian,
though this is no longer held probable by geologists best qualified
to judge. The first traces of such life have already been found, as
above noted, and the great areas of Algonkian sediments not differing
essentially from post-Cambrian sediments afford an inviting field
for further search for fossils. It is widely agreed that beds contain-

. ing the Olenellus fauna shall be taken as the base of the Cambrian.
This fauna is abundant and varied. It includes all the stems of the
animal kingdom except the vertebrate. Some biologists say that nine-
tenths of the differentiation had taken place at the beginning of
Cambrian time, implying a prior life of vast duration.

Beneath the Olenellus horizon the lack of fossils is striking, even
where there is no unconformity separating the Olenellus horizon from
the underlying sediments, and these sediments are of such a nature as
to indicate that the waters in which they were laid down were as

_ satisfactory for supporting life at the beginning as at the end of the
enormous lapse of time which they represent, and all the conditions
have since been favorable for the preservation and discovery of fos-
sils. This great contrast in fossil content signifies an important
change of conditions, the precise nature of which does not yet appear.
W. K. Brooks developed the hypothesis that the late Algonkian
oceans contained all the fundamental types of animals, but with soft
bodies, and that these did not begin to secrete hard parts until early
Cambrian time. Upon reaching or “ discovering ” the shore, there
began a rapid development and struggle for existence, which required

‘the development of hard parts, giving rise to the fossil forms now

~ found in the Cambrian. Daly varies this hypothesis by suggesting
that the amount of lime and magnesia necessary for the hard parts

‘of animals was not present in the ocean until late pre-Cambrian
time; that prior to this time all the lime and magnesia was de-
posited through the medium of organic ammonium carbonate, leav-

o Text-book of geology, vol. 2, 1906, p. 139,
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ing none for the animals; that the great addition of lime and
magnesia, giving excess over that deposited by.the ammonium car-
bonate, was due to orogenic movements, followed by base- levehno
near the close of the pre-Cambrian. Daly also concludes from com-
pilation of available analyses of pre-Cambrian carbonate formations
that magnesia was relatively more abundant in the pre-Cambian than
it has been later. Biologists now emphasize the deleterious effects of
magnesia upon life. It is possible that these facts are to be correlated.
“Lane @ has argued that the pre-Cambrian ocean was of different com-
position from that of to-day, and that this difference in composition
had an effect on the development and preservation of life. Co
Whatever the real significance of the contrast in fossil content be-
tween Cambrian and pre-Cambrian rocks, it stands as a fact which
must be clearly recognized and which seems to prevent the certain
classification of nonfossﬂlferous continuous downward extensions of
the Olencllus horizon with the Cambrian or Paleozoic.

LENGTI 0¥ ALGONKIAN TIME.

The highly developed life records of the Cambrian, together with
the thickness of the pre-Cambrian and the existence of several im-
portant unconformities between its members, indicate an enormous
lapse of time for the Algonkian. If time can be measured by thick-
ness of sediments, the Algonkian was perhaps as long as or longer
than all Paleozoic time, and Algonkian and Archean time together
may have been longer than all post-Algonkian time. Indeed, if the
amount of life development be the standard by which to measure time,
the appearance of the Cambrian fauna at the base of the Paleozoic
may be a comparatively modern event.

DEFORMATION AND METAMORPHISM OF THE ALGONKIAN.

Algonkian rocks have, on the whole, suffered more deformation
and metqmorphlsm than younger rocks. Deformation has expressed
itself in folding, faulting, jointing, and irregular fracturing. In
conjunction with these structures metamorphlsm and cleavage have
so frequently developed as to be common features. In the amount of
structural deformation and attendant phenomena there is great dif-
ference between the members of the Algonkian system, even in the
same district, and a vast difference in different geological provinces.
On the whole, the phenomena of deformation and metamorphism are
greater than in the Paleozoic. But the difference between the Algon-
kian and the Paleozoic in these respects is no greater than the dif-
ference between the Paleozoic and the Mesozoic. The contrasts in
deformation and metamorphism between the Algonkian and the Pale-

o Lane, A. C.,, The early surroundings of life : Science, vol. 26, 1907, pp. 129-143.
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ozoic are not sufficient to serve any useful purpose in correlation from
province to province. Thus the Algonkian of the Lake Superior
region is much less metamorphosed than the Paleozoic rocks of New
England. At most these criteria can be used only for discrimina-
tions in the same region. Thus in the Lake Superior region the
Algonkian rocks are, on the average, more metamorphosed than the
Cambrian, but the upper Keweenawan sandstones dlﬁ'er little from
the Cambrian in degree of metamorphism:.

UNCONFORMITY BENEATH THE CAMBRIAN.

In late Algonkian time a large part of the Algonkian continent was
above water and undergoing erosion. With the ensuing encroach-
ment of the sea, perhaps from the southeast, south, and southwest,
_ there were deposited, onto the older basement over which the sea was
transgressing, lower Cambrian, middle Cambrian, upper Cambrian,
and Ordovician sediments, each successive series overlapping the
earlier ones. Thus the unconformity at the base of the Cambrian
slants across the base of each of the Cambrian series into the Ordo-
vician. Also there is much evidernce to show that this transgression
began in late Algonkian time. Near the margins of the old Al-
gonkian land areas are found Algonkian sediments which appear to
be in continuous downward conformable succession below the Cam-
brian rocks. Thus in the southern Appalachian area about half of
the so-called Ocoee sediments extends downward conformably several
thousand feet below the known Olenellus beds, and in the Wasatch
and Uinta mountains a great quartzite series extends for 12,000 feet
conformably below the Olenellus horizon. The Bow River group of
British Columbia is thought by Walcott possibly to represent con-
tiuous deposition between the Belt Algonkian and the Cambrian.
The question naturally arises whether these nonfessiliferous down-
ward extensions of the Olenellus beds shall be called Cambrian or Al-
gonkian, especially in view of the fact that they are separated from
Algonkian rocks below by great unconformities. Since the base of
the Cambrian has been defined as marked by the Olenellus horizon,
the great conformable downward extensions have been thrown tenta-
tively into the pre-Cambrian, and at. the present time there seems to
be no adequate reason for changing this usage, although in the future
evidence sufficient for including some of these formations with the
Paleozoic may appear. If the unconformity at the base rather than
the Olenellus horizon be taken as the dividing plane, it would be
necessary, at places of continuous sedimentation between Algonkian
and Cambrian, to include considerable parts of the so-called Al-
gonkian in the Cambrian, unless discriminative fossil evidence should
be developed. Neither the paleontological nor the structural criteria
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are entirely satisfactory as a basis of classification where they conflict.
The broad problem of harmonizing these criteria in a satisfactory
classification remains open. In the meantime the paleontological
basis for classification will be adhered to because for the most part it
is in accord with structural evidence; it has been the accepted stand-
ard in the past. '

The difficulty of determining the plane of demarcation between
known Cambrian and pre-Cambrian series arises for only a small part
of North America. TFor much the larger portion of the continent dis-
tinctly recognizable Cambrian rocks rest with profound unconformity
upon distinctly recognizable pre-Cambrian ‘rocks. Most of the
Archean and Algonkian continent was practically base-leveled before
and during the encroachment of the Cambrian sea. Occasional
monadnocks stood out upon this plain. About these the base of the
Cambrian is marked by coarse conglomerates, but for the most part
the disintegrated and decomposed surface of the peneplain yielded,
to the encroaching Cambrian sea, above conglomerate beds of only
moderate thickness, somewhat fine-grained and well-assorted frag-
mental sediments, such as quartz sands and muds.

Difficulty in discriminating the Cambrian from the pre-Cambrian
rocks sometimes arises from the fact that for extensive areas the
lowest recognizable Cambrian rocks are of upper Cambrian age,
unconformably below which are nonfossiliferous rocks referred to
the Algonkian. Because the overlying rocks are upper Cambrian, in
some cases it has been argued that the lower rocks are Cambrian.
This position has been taken in reference to the Keweenawan series
of the Lake Superior region, its nonfossiliferous character being ex-
plained by volcanism during its deposition. In cases of this sort no
hard and fast rule can be laid down for their classification, but each
case should be decided independently on its.own merits. In the Lake
Superior region it is believed that the magnitude of the unconformity
separating the Cambrian from the Keweenawan, with the great
thickness of the Keweenawan and the lack of fossiliferous content,
combined with the fact that this unconformity is a part of the
great slanting unconformity already mentioned as exténding over a
large part of the continent, the deposition of which extended from
Algonkian to Ordovician time, throws the probability strongly
toward the pre-Cambrian age of the Keweenawan rocks. (See
pp. 349-351.) '

UNCONFORMITIES WITHIN THE ALGONKIAN.

Three marked unconformities are known within the Algonkian of
the Lake Superior and Lake Huron regions. These are evidenced by
.basal conglomerates, by erosion of the underlying series, by differences
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of amount of volcanism, by differences in metamorphism, and by the
field distribution. The evidenceé is such that their importance can
not be doubted. '

While these unconformities doubtless do mark unequal intervals
of time, no evidence is available to justify the emphasis of one of them
more than another. However, Lawson has selected the unconformity
below the Animikie as of greatest importance and has named it the
“ Eparchean interval.” Where the Animikie rests directly upon the
lower Huronian or the Archean this unconformity is naturally
greater than where it rests upon the middle Huronian, for in such
cases the unconformity at the base of the Animikie marks not merely
one unconformity but is equivalent to two or three elsewhere with the
intervening groups. It is plain that the relative importance of the
various unconformities can be determined only where the succession
is full and where therefore the Animikie is in contact with the under-
lying middle Huronian. Where this is the case, as in the Marquette
district, there is no evidence whatever that the unconformity at
the base of the Animikie is more important than the one separating
the middle and the lower Huronian, or the one separating the
Animikie and the Keweenawan, and in the Crystal Falls and Me-
nominee districts this unconformity is very slight or lacking.

In no other part of North America have so many unconformities
within the Algonkian been determined as in the Lake Superior re-
gion. Over the great northern area of Canada it is probable that all
three of the unconformities are represented, but there have been de-
tailed mapping and correlation in but limited areas.

In the Grand Canyon district is exposed an unconformity between
the two groups of the Algonkian.

In Montana an unconformity is supposed to exist between the Belt .
series and the Cherry Creek group, believed to belong to the Algon-
kian, although such unconformity has not been proved.

In general, outside of the Lake Superior and Lake Huron regions
unconformities within the Algonkian have been inferred at a number
of places, but the only definitely proved unconformity is in the Grand
Canyon region. ,

Each of the Algonkian unconformities may be represented else-
where in North America by a continuous section of sediments. To
what extent this is true is not yet known. The discussion of the cor-
relation shows how fragmentary is the knowledge on which we must
rely to decide this matter.

UNCONFORMITY BETWEEN ALGONKIAN AND ARCHEAN.’

In large afeas of the Lake Superior region the Archean was nearly
base-levéled before the deposition of the Algonkian. The contrast
of the two systems in volcanism, in metamorphism, and in relative
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amounts of sediments is striking. Anyone who has seen the evenly
bedded Algonkian sediments resting upon the erosion edges of the’
gnarled and contorted complex of Archean schists, gneisses, and other
rocks would not question the conclusion that this unconformity is a
great one. '

Similar statements may be made for the Lake Huron region and
for the great morthern interior of Canada, although here detailed
mapping has covered but limited areas.

Locally in both of the regions deformation has nearly or quite ob-
literated the unconformity. In places also the basal member of the
Algonkian is a little-assorted conglomerate made up of fragments
like the immediately underlying rock. Some of the greenstone. con-
glomerates of this horizon, composed of fragments of the underlying
greenstone, are distinguished with great difficulty from the tuffaceous
phases of the underlying greenstone.
~For New Brunswick and Cdpe Breton the unconfoumty between
the Algonkian Grenville and the Archean has not been determined,
though it doubtless exists. '

In Newfoundland there is a strong unconformity between the
Algonkian Avalon and the Laurentian gneisses.

The only district in eastern United States where there has been an
attempt to separate Algonkian and Archean rocks by an uncon-
formity is in the southern Appalachians, where certain effusive rocks
are classed as Algonkian, while the much deformed and metamor-
phosed plutonic rocks upon which they rest are called Archean.
This is an unconformity between eruptive rocks, which may be of
an order different from that of the unconformities above discussed.

In the Grand Canyon of the Colorado the unconformity is striking.
Here evenly bedded Algonkian sediments may be seen resting upon
a nearly even erosion surface truncating gneisses and-schists of the
. -greatest lithological variety and intricacy of structure.

In the Front Range of Colorado and in the Medicine Bow Moun-
tains of Wyoming, and elsewhere in these States, an unconformity
between the Algonkian and the Archean is known, but it is not con-
spicuous. The deformation which.the rocks have undergone has de-
veloped a parallel schistosity in the Algonkian and Archean rocks
which has largely obscured the true I‘el‘lt]Ol’lS

The quartzite of the Wasatch Mountains of Utah, provisionally
assigned to the Algonkian, rests upon the Archean with tremendous
unconformity. The Belt series of Montana also is unconformable
upon the Archean with marked discordance.

In various other parts of the West unconformities between the
Algonkian and the Archean have been inferred, but not actually
observed.
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In general wherever an unconformity between the Algonkian and
the Archean is known there is hl\ely to be evidence of lona-contmued
_erosion of the Archean rocks prior to the deposition of the Algonklan.
The basal Algonkian sediments are so. frequently of a cleanly sorted
quartz-sand type as to 1mply a preceding period of Weathermo of
long duration.

Theoretically there should be some place where sedimentation was
continuous between the Archean and the Algonkian, for sedimentary
rocks are known in both. Such places may be found, but positive
proof of such continuity is not yet known. A number of geologists
have cited cases of “ gradation ” between the rocks here designated
Archean and Algonkian, but wherever the localities have been ex-
amined it has been found that progressive metamorphism has prob-
ably obliterated the evidence of unconformity.

CORRELATION OF PRE-CAMBRIAN SERIES.

In relative amount of deformation and metamorphism, in lithology,
in relative abundance of igneous and sedimentary rocks, in stratig-
raphy, in the number of unconformities, and above all in our knowl-
edge concerning these rocks, there is wide variation among the pre-
Cambrian areas of North America. Notwithstanding these difficul-
ties, we are able, for many regions, to apply the dual classification
of the pre-Cambrian—Archean and Algonkian.

It has been intimated that the Archean and Algonkian are equiva-
lent in magnitude to the Paleozoic and Mesozoic. The Paleozoic is
divided into systems upon the basis of fossil evidence. In the Lake
Superior region is a fauna called Silurian, similar to the fauna in the
Silurian rocks of New York and Wales, but no way has-been found to
tell whether one of the Algonkian series of the Lake Superior region
1s equivalent to one which occurs in the Grand Canyon district, in
Scotland, or in China. The science of geology has not sufficiently
advanced to correlate the pre-Cambrian rocks upon a physical basis
from province to province. When the physical history of the con-
tinents has been worked out, when we know more about paleogeog-
raphy, and when we learn how extensive are the great unconformities,
we may be able to correlate the pre-Cambrian series from province to

province and possibly even from continent to continent. Because of

these facts, no attempt is made to correlate the several series of the
Algonkian in different geological provinces with one another. How-
ever, since the classification of the Archean rocks is upon the basis of
lithology rather than upon stratigraphy, we.do not hesitate to carry
over to certain provinces the series terms Keewatin and Laurentian,
using them with the same significance given to them in their type
locality, the Lake Superior region.
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In the following table the areas named are not each a separate
geological province, but may be parts of the same province which
have been reported upon in different States or by different observers.
Within these provinces certain correlations of series are indicated.
Tor instance, it will be noted that fairly detailed correlation of the
Algonkian formations and series is possible at the present time
through the Lake Superior and Lake Huron regions and adjacent
parts of Canada. In other parts of Canada the lithological similar-
ities are such as frequently to suggest correlation with series or for-
mations, but such correlation can not be positive in advance of de-
tailed work. In the West the great Belt series of Montana has been
found to extend into Idaho and British Columbia. Probably to be
correlated with it are the quartzites of the Uinta and Wasatch moun-
tains, and perhaps also of the Needle Mountains in southwestern
Colorado and of the Grand Canyon. The Belt series in its now .
known extent constitutes the greatest area of Algonkian on the con-
tinent, and it may be that this area should be exténded to include
Utah, Colorado, and Arizona quartzites. The part of the Ocoee
group of the southern Appalachians conformably beneath the known
Cambrian as here defined may also be provisionally correlated with
the Belt series. . The great series of volcanics of- the southern Appala-
chians is correlated with volcanics of Maryland and Pennsylvania,
and their stratigraphic relations seem to put them into the Algon-
kian. For the remainder of the country correlaticn of subdivisions
of the Algonkian is not yet possible. :
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Table of correlation of pre-Cambrian rocks of North America.

Lake Superior region. (For de-
mllc)ad correlation see pp. 328-
329.

Lake Huron region. (For de-
tailed correlation see p. 443.)

Rainy Lake, Lake of the Woods,
and adjacent territory.

Algonkian:

Keweenawan series. Sedi-
ments and intrusives and
extrusives.

Unconformity.

Huronian series.

Upper Hu-
ronian
(Animi-
kie).

Uncon-|Sediments,

formity. with intru-
Middle Hu-{ sives and
ronian. extrusives.
Uncon-
formity.
Lower Hu-
ronian.
Unconformity.
" Archean:

Laurentian series. Granites

and gneisses, intrusive into |

Keewatin.

Keewatin series (formerly
‘Mareniscan’’). Green-
stones, green schists, with
gpme slate and iron forma-

ion.

Algonkian:
Huronian series.
Upper Hu-
ronian
(Animi-
kie) of
Sudbury
district. |Sediments,
Uncon-| withintru-
formity. { .sives and
MiddleHu-| extrusives.
ronian.
Uncon-
formity.
Lower Hu-
ronian.

——Unconformity.

Archean:

Laurentian series. Granites
and gneisses, intrusive
into Keewatin.

Keewatinseries. Thessalon
group (greenstones and

reen schists, mapped by
ogan and Murray as
‘““Huronian’’ slate).

Algonkian:

Huronianseries. Sediments,
mainly slates and mica
schists, with intrusives and
extrusives, probably lower
Huronian. Previously
mapped in part as ‘Cou-
tchiching 7’ series.

Unconformity.

Archean:

Laurentian series. Granites
and gneisses, intrusive
into Keewatin.

Keewatin series. Green-
stones, green schists, with
some slate and iron.  Pre-
viously mapped in small
-part as ‘‘Coutchiching.”

Northern interior of Canada.

Original Laurentian district.

Hastings district.

Algonkian:

Copper Mine
ver trap.
Keweenawan{Copper-bear-
ing series of
Hudson Bay.
Huronian. Sediments, with
intrusives and extrusives,
as yet largely undifferen-
tiated from greenstones
and green schists of Ar-

chean age.

———— Unconformity.

Archean:
Laurentian. Gradites and
neisses, intrusive into
eewatin.

Keewatin. Greenstones,
green schists, and iron for-
mation, largely mapped as
Huronian.

Unclassified:

Grenville series, consisting
of limestones with associ-
ated conglomerates and
gneisses of sedimentary
origin; also granites,
gneisses, and greenstones
of igneous origin, at least
partly intrusive into the
Grenville series.  Prob-
ably to be correlated with
Grenville of Hastings dis-
trict, Adirondacks, south-
eastern New York, and
New Jersey. Position too
doubtful to warrant cor-
relation with Archean or
Algonkian.

" Unclassified:

Two unconformable series,
the upper of which (Hast-
ings), according to Miller,
carries limestone and is
probably to be correlated
with the Huronian. The
lower series, also carrying
limestone,isassociated with
gneisses of sedimentary
origin and granites and
gneisses of igneous origin,
at least partly intrusive
into the sediments. The
lower sedimentary series
rests on a basement of hasic
igneous flows similar to the
Keewatin of the Lake Su-

erior region. This series
1s to be correlated with the
Grenville of the original
Laurentian district. Mil-
ler therefore correlates this
series with the Lake Supe-
rior Keewatin.
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Table of correlation-of pre-Cambrian rocks of North America—Continued.

Adirondacks.

Eastern Townships.

New Brunswick.

Unclassified:

Grenville. Limestones with |

associnted conglomerates
and gneisses of sedimentary
origin, with gneisses of
unknown origin, and with
granites, gneisses, and
greenstones of igneous ori-
%in, partly intrusive into
he sediments and largely
with unknown relations.
Correlated with Grenville
series of original Lauren-
tian and Hastings districts,
and perhaps also with up-
ger series of Hastings dis-

Unclassified pre-Cambrian (?):
Volcanic rocks, associated
with sediments of possible
pre-Cambrian age, of Sut-
ton, Stokes, and Lake Me~
gantic areas.

Algonkian (?):
Kingston group.
“Huronlan”
slates, schists,
and diorites.
Unclassified:
Grenville. Lime-
stone, quartz-
ites, and
° _ gneisses,
Laurentian.
Gnelsses and
schists, partly
intrusive into
the Grenville
series. -

Southerix

New
Brunswick.

rict. Succession is still Undivided sediments. Cen-
too doubtful to warrant tral New Brunswick.
correlation of the series as a
whole with Algonkian and
Archean.
Nova Scotia and Cape Breton. Newfoundland. Gaspe Peninsula.
Algonkian: Algonkian: Unclassified pre-Cambrian:
Gold-bearing series in south- Avalon group. Sediments Gneisses, schists, and sedi-

eastern Nova Scotia. Cor-
respond in stratigraphic
position supposedly with
Avalon, Ocoee, and other
late Algonkian rocks of
eastern America.

Undivided sediments cut- by
intrusives.

Unclassified:

Granites and gnelsses, largely
intrusive into sedimentary
series (mapped Lauren-
tian).

intruded by granite and
associated with volcanic
conglomerates and ashes.

Unclassified: !
Granites, gneisses, and
schists of doubtful rela-
tions to Avalon group
(mapped Laurentian).

ments of Shickshock Moun-
tains.

New England.
[

Southeastern New York.

Highlands of New Jersey.

Unclassified pre-Cambrian:
Some of the discriminated
units are—
Mendon _schist of Ver-
mont (?).
Mount Holly group of Ver-
mont (7).
Northbridge gneiss
Rhode Island.
St sm; ford
gneiss.
Becket

neiss.
Wgashingtou Southwestern
neiss. New England.
Colesbrook
limestone.
Hinsdale
gneiss.

of

Algonkian (?): .
“Inwood”’ limestone and
‘“Manhattan’ schist (?),
according to Berkey. Ke-
arded as Paleozoic by
ferrill and Eckel.

Unconformity.

Unclassified: .

Fordham gneiss, continuous
with gneisses and sedi-
ments of the New York
Hi%xlands, with gneisses
of New Jersey, and with
the Becket gneiss of New
England. Probably the
equivalent of the Grenville
series.

Unclassified pre-Cambrian:

White limestones and
gneisses, largely igneous
and intrusive, partli/ of un-
known age and relations.
<l’robu.bl?r equivalent, in
part at least, of Grenville
series.
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Table of correlation of pre-Cambrian rocks of North America—Continued.

Pennsylvania.

Maryland and adjacent parts of
Virginia.

Piedmont Plateau and adjacent
portions of the southern Ap-
palachians in Alabama, Geor-

ia, Tennessee, North Carolina,
outh Carolina, and southern
Virginia.

Algonkian (?):

Voleanics of South Mountain.

Continuous with volcanics
of Piedmont.
Wissahickon mica gneiss.
Gneisses of ITighland region.

Unconformity (?).

Archean (?);

Baltimore gneiss (sedimen-
tary) of Philadelphia area.
(Corresponds to Carolina
gneiss of Piedmont.)

Algonkian (?):

Volcanic  rocks. Continu-
ous with volcanies of Pied-
mont.

Wissahickon mica gneiss.

Plutonic igneous rocks—age
in part doubtful.

Unconformity (?).——

Archean (?):

Baltimore gneiss (sedimen-
tary). (Corresponds to
Carolina gneiss of Pied-
mont.)

Cambro-Algonkian:

Part of Ocoee representing
conformahle downward ex~
tension of the Cambrian
beneath now known Olen-
ellus. Possibly to he cor-
related with  Belt and
equivalent series of the

. West.
Unconformity.
A]gonkw,n (?) (Keith):

Metarhyolite.

Andesite.

Flattop schist.

Catoctin schist.

Montezuma schist.

Linville metadiabase.

Fragmental volcanics of
North and South Carolina
boundary.

Unconformity..

Archean (?) (Keith):

Granites, gneisses, schists.
Largely unclassified.
Discriminated units are
(Keith)—

Max Patch granite.

Beech granite.

Blowing Rock gneiss.

Henderson granite.

Cranberry granite.

The soapstone group.

Roan gneiss.

Carolina gneiss (sedimen-
tary in part).

Baraboo, Waterloo, Necedah,
and Sioux areas of Wisconsin
and Minnesota.

Missourl.

Oklaboma.

Algonkian: .
Quartzite. In the Baraboo
district a quartzite is over-
lain conformably by slate
and ferruginous dolomite.
Intrusive granite.

Unconformity.

Archean:
Acidic volcanics and granites
of the Baraboo district and
of Fox River valley (?).

Algonkian (?):
Iron formation of Pilot
Knob and Iron Mountain
and associated granite and

porphyry.

Unclassified pre-Cambrian:

Granites, gneisses, porphg-
ries, and gabbros of north-

" eastern Oklahoma, in Wich-
ita and Arbuckle moun-
tains of south-central
Oklahoma and in Ouachita
Mountains of southwestern
Oklahoma.
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Table of correlation of pre-Cambrian rocks of North America—Continued.

Texas.

Black Hills. Wyoming.
Algonkian (2): Algonkian: Algonkian: Unclassified pre-Cam-
Central Texas. Slates, quartzites, Granites and brian:
Llano series. schists, and iron gneissesintrusive Granites and
Sediments and formation, in- in sediments list- gneisses of Sierra
schists, intruded truded by granite. ed helow. Madre, Medicine
by granites and Whalen group of Bow, Laramie,
nelsses. Hartville district. Swectwater, Wind
estern Texas (E! Isolated areas he-~ River, Wyoming,
Paso County). tween MHartville Rattlesnake, Gros
Sediments and and Black Hills. Ventre, Teton
schists in Franklin Mica schists of Sun- Absaroka, and
and Diablo moun- dance quadrangle. Bighorn ranges.
taing, intruded by Sediments in Hal-
granite. lock and Plum-
: hago canyons, in
the Sierra Madre
- (Grand Encamp-
ment), in Medi-
cine Bow Moun-
tains, in Semi-
noe Mountains,
in  Sweetwater
district of the
Wind River
Range, and in
Mount Sheridan
neat Yellowstone
Park.
Colorado. New Mexico. Arizona.
Algonkian: Unclassified pre-Cambrian: Algonkian (late):

Sediments, mainly quartzite,
of Necdle Mountains, Un-
compahgre Canyon, Rico
Mountains, and Front
Range. Perhaps also

uartzite of Salida district.

uartzites of Needle Moun-
tains perhaps to be specific-
ally correlated with the
Belt series of Montana and
the quartzites of the Uinta,
and  Wasatch mountains
and the Grand Canyon.

Certain greenstone schists
and allied rocks of Salida
district and Needle Moun-
tains.

Intruded by large masses of

granite, such as Pikes Peak
granite.

Unconformity..

Archean (?):

Granites, gneisses, and schists
of Front, Wet, Sangre de
Cristo, Sawatch, and Nee-
dle mountains. May in-
clude sedimentary schists
of Front Range.

Granites, gneisses, schists,
quartzites, and other sedi-
ments of central mountain
system, including Mora,
Taos, Santa Fe, Sandia,
Magdalena, Caballos, and
Franklin mountains; also
Burro and other ranges of
desert-range province.

, Grand Canyon

Eroup. Per-

aps to be spe-

cifically  corre-

lated with the]Chuar
Belt series of; group.

Montana and|]Unkar
the quartzites of| group.
Needle, Wa-
satch,and Uinta
mountains.

Pinal schist (sedimentary)
of southeastern Arizona,
including Globe, Bisbee,
and Bradshaw districts (?),
possibly to be correlated
with Grand Canyon series.

Unconformity.
Archean:
Granites, gneisses, and

schists of Grand Canyon.
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Table of correlation of pre-Cambrian rocks of North America—Continued.

Nevada.

Utah.

Idaho.

Montana.

Algonkian (late ?):
Quartzites of Schell
Creek, Egan, Pog-
0“2)’ Snake River,
and Pifion ranges.

—— Unconfermity. -——

Archean (?):
Granitesand gneisses
of Snake River

and other ranges.

Algonkian (late):
Quartzites of the
Uinta and Wa-
satch mountains.
To be correlated
specifically with
the Belt series
and possibly also
with the quartz-
ites of Needle
Mountains and
the Grand Can-

yon. .
Quartzites and
schists of Prom-
ontory Ridge
and of Fremont
Island and Ante-
lope Island
mountains (?).

———Unconformity .———|

Archean (?):

Granites, gneisses,
and schists (in
i)dmt) of Wasatch

ountains,
Promontory
Ridge, Fremont
Island, and Ante-
lope Island (?).

Schists and quartz-
ites of Red Creek
Canyon in Uinta
Mountains (7).

.Algonkian (late):
Belt series of north-
ern part of State.
Unclassified pre-Cam-
brian, older than Belt
series; partly Ar-
chean (7): .
Granites, gneisses,
* and sediments of
Clearwater and
Bitterroot moun-
tains.
Schists, gnefsses,
-and granites west
of Belt area in
northwest corner
' of State.

Algonkian (late):

Belt series with ex-
tensions into
Idaho and British
Columbia. To be
correlated with
the quartzites, of
the inta and
Wasatch  moun-
tains and perhaps
also quartzites oi
Needle Mountains
and the Grand
Canyon.

Algonkian (early):

Cherry Creek group.

Intrusive granites
and gneisses.

—- Unconformity (?).-—

Archean (?):
Granites and
gneisses of moun-
tain ranges of
southwestern part
of State.

W&shln%ton, Oregon,
and California.

British Columbia, Yukon, and Alaska.

Mexico.

Unclassified pre-Cam-
brian (?):

Gneisses, schists,
sediments, and vol-
canics of northern
Cascades and In-
ternational Bound-
ary region of north-
eastern Washing-
ton, Klamath
Mountains of Ore-
gon and California,
and other districts.

Algonkian (late):
Nisconlitg
roup an
%artgh\d- ’
ams Lake
roup of
ritishCo-
lumbia.
Belt series of
b o undary
region.
Downward
extension
of Bow
River
group.

Belt(?).

Doubtfully pre-Cam-
brian:

Birch Creek schist
of Tanana-Yu-
kon region.

Totsen group of
northern Alas-

ka.
Indian River
group of Klon-

ike.

Kuzitrin group of
Sewa,rdgrPegin-
Kiglaik £
igluaik group o
Sewa.rclg Perln)in-
sula.
Unclassified pre-Cam-
brian:

Shuswap group
and ‘‘Lauren-
tian” series of
British Colum-
bia. Contains
rocks probably
belonging to
both the Arch-
ean and the
Algonkian.

Pelly gneiss (?).

Unclassified pre-Cam-
brian: :
Crystalline schists
and ﬁranites, prin-
cipally along the
Pacific slope.
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The correspondence of Algonkian rocks in various parts of America
with reference to lithology and succession is, thus, far from close, but
it may be pointed out that close correspondence is scarcely to be ex-
pected, even if the rocks are of the same age. To quote Chamberlin
and Salisbury:« : ' :

The phases of sediméntation taking pla‘ce about any land mass at any time
are largely dependent upon the height of the land, the freeness of the exposure
of its coasts, the amount of precipitation, the climate, and the character of the
formations suffering erosion. These various factors were as likely to be dis-
similar about the various centers of sedimentation as to correspond. Igneous
rocks form a not inconsiderable part of the Proterozoic systems, and there is no
law requiring igneous activities in different regions to correspond either in time
- or in the nature of their products. Iiven body deformations, which are much
the most general, and which are the basis for the subdivision of the systems,
need not have corresponded in their particular phases in different regions. It
follows (1) that the number of series with the Proterozoic in one place may not
be the same as in another; (2) that the thickness of the various systems may
vary within wide limits; (3) that there need have been no close correspondence
in the sorts of rock in different regions at the outset, and (4) that they may
have been metamorphosed unequally since their deposition.

Even where there is some correspondence between two pre-Cam-
brian successions, this may not be apparent because of difference in
amount of study which has been given to the two regions, or because
the characters of one or both successions have been obscured by strue-
tural and metamorphic changes or in part removed by erosion.

‘PRE-CAMBRIAN ROCKS OF OTHER COUNTRIES.

Little has been done toward the correlation of. the pre-Cambrian
rocks of North America with those of other countries. Similarities in
the broader features, however, are beginning to be apparent. The
pre-Cambrian of Europe, asin the United States, may be divided into
a basal complex characterized by gneiss, schist, and granite, uncon-
formably overlain by a series dominantly sedimentary, for the most
part lacking fossils but showing a few slight traces of them. The
former corresponds to the Archean, the latter to-the Algonkian. It
is significant that the terms Archean and Algonkian are beginning to
appear in this sense on some of the European maps.

BRITISH ISLES.

The Northwest Highlands of Scotland afford one of the most con-
tinuously exposed sections of pre-Cambrian rocks known. The mem-
bers of the Geological Survey of Great Britain have mapped the area
with great care, using as a base the British 6-inch Ordnance maps.

o Text-book of geology, vol. 2, 1906, pp. 214-215. .
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The results of their long labors: 1ppea,r in an excellent memoir pub-
lished in 1907.2
Their succession is as follows:? .

Flaggy quartz schists, quartz-biotite granulites and gar-
netiferous muscovite-biotite schists, with occasional in-
liers of deformed or recounstructed Lewisian gneiss.

) Zone of my]onizéd rocks usually at the base of this series.

Great disruption line—the Moine thrust—which has driven the Eastern
schists (1v) over the rocks below (111, 11, 1).

3. Dolomites and limestones, with certain fossiliferous

zones.

2. Serpulite grit and fucoid beds yielding the Olenellus

fauna.

1. Quartzites with worm casts in the upper portions and

false-bedded grits below.

Unconfoxmab1hty—»plane of marine denudation.

1v. Eastern schists_

1t Cambrian_____ -

3. Sandstones and dark micaceous shales.
2. Thick series of coarse sandstones and grits with con-

glomerate bands. .

1. Dark and gray shales with caleareous bands, fine- -
grained sandstones, and grits with epidotic grits at
the hase. '

Strong unconformability—highly eroded land surface.

2. A great series of igneous rocks intrusive in that com-
plex, in the form of dikes and sills.

1. A fundamental complex, composed—

(@) Mainly of gneisses that have affinities, both
chemically and mineralogically, with plutonic
igneous products, and

(b) Partly of crystalline schists, which may be re-

- garded as probably of sedimentary origin.

1. Torridonian____

1. Lewisian_______.

As to the importance of the unconforrﬁity between the Torridonian
and the Lewisian, Horne says:°

One of the most impressive features in the history of the Lewisian gneiss is
the abundant evidence of prolonged denudation between the cessation of the
terrestrial movements just described and the deposition of the Torridon sand-
stone. During the protracted interval represented by this denudation the gneiss
plateau formed a land surface which was carved into lofty hills with craggy
élopes and deep valleys. This fragment of primeval Europe has been preserved
under the pile of coarse Torridonian grits and sandstones which is now under- .
going slow removal by the agents of waste. The observer may climb one of
these Archean hills, following the boundary line between the Lewisian rocks and
the younger formation, and note, step by step, how the subangular fragments of
hornblende schist that fell from the pre-Torridonian crags are intercalated in
the grits and sandstones, thus indicating the slow submergence of the old land

aThe geological structure of the Northwest Highlands of Scotland, by B. N. Peach,
John Horne, the late W. Guuon, C. 1. Clough, and L. W. Hinxman, with petrological
chapters and notes by J. J. H. Teall. Edited by Sir Archibald Geikie. Mem. Geol. Sur-
vey of Great Britain, 1907.

b Op. cit., pp. 9-10, 33.

¢ Op. cit., p. 4.
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surface beneath the waters of Torridonian time. Between Lake Maree and Loch
Broom it is possible to determine the orientation of these buried valleys and to -
prove that some of the hills exceeded 2,000 feet in height.

In the memoir the Lewisian system is often referred to as the
“Tundamental complex” in exactly the same sense as we have used
the term in the Lake Superior region for the pre-Algonkian system.
Indeed, the Scotland “ I‘undamental comple\ ” has all the character-
istics of that of the Lake Superior region. After years of work by
several men much the larger part of the Lewisian is mapped as
“undifferentiated "—that is, it has not been possible in western Scot-
land, with the splendid exposures of the region and with 6 inches to
the mile Ordnance maps of the highest quality, to separate the funda-
mental complex into formations, except for small areas. Probably
nowhere else in the world are the opportunities better to make such
separation, if this were possible, and certainly no other geological
survey has ever spent more than a small fraction of the time given
by the Scotland Survey to a srhall area of the fundamental complex.

The petrographic descriptions show that the Lewisian is domi-
nantly composed of igneous rocks, of which the granitic type is most
abundant, and that the sediments are extremely subordinate. The
latter rocks include “ mica schists, graphitic schists, quartz schists,
siliceous granulites, limestones, dolomites, and cipolins.” ¢

The relations of the sediments of the Lewisian to the igneous series
have not been entirely worked out. Horne says:?

There is no clear evidence that these types are intrusive in the former, but
in certain places the two are so intimately associated as to suggest that the
rocks of igneous origin may have been injected into those of sedimentary origin.
On the other hand, there is undoubted proof that, north of Lake Maree, the
altered sediments rest on a platform of gneiss and are locally overlain by gneiss
with basic dikes, the superposition of the gneiss on the sediments being there
due to folding and thrusting. .

In the strongest possible contrast with the Lewisian is the Tor-
ridonian. Here ordinary stratigraphic methods apply, and the system
has been divided into three formations.

It is clear that under the general classification advocated in this
report the Torridonian is Algonkian and the Lewisian is "Archean.
While the foldings, faultings, intrusions, and metamorphisms of the
Archean have been so extreme and the relations of the different rocks
so intricate that upon the general geological maps there has been no
attempt to subdivide the fundamental complex, the descriptions
show that in the central district basic rocks are developed in great
force with subordinate amounts of ultra-basic rocks, and that in the

« Op. cit., D 5. b Op. cit., p. 4.
55721—Bull. 360—09—4



50 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

northern and southern districts the acidic rocks are dominant. More-
over, it is stated that the basic rocks are oldest and are intruded by
the acidic gneisses. Thus we apparently have in the Archean com-
plex the equivalent of the Keewatin and Laurentian, as we use these
terms in America, with like relations.

The Scotland area also is one which illustrates the faulting
deformation of the pre-Cambrian upon a great sgale, which also
affects the post-Cambrian rocks. As’a result of most remarkable
overthrust faults developed in the post-Cambrian, the eastern rocks
were driven toward the west, were folded over one another, snapped
across, and piled up in successive slices, giving gently dipping east-
ward limbs and steeply inclined western limbs. The more westerly
of these thrusts detach, bring up, and drive westward portions of the
old floor of Lewisian gneiss, together with the Torridon sandstone
and many of the fossiliferous zones of the Cambrian. The slices
of Lewisian gneiss sometimes exceed 1,000 feet in thickness, and
they present the characteristic’ types of these rocks as developed
in the undisturbed area to the west. In certain localities inversions
occur on a stupendous scale, as, for example, to the north and south
of Strome Ferry, where a portion of the old Archean floor of gneiss
has been turned upside down and reposes on the inverted basal beds
of the Torridon sandstone, which dip at gentle angles to the’ east-
southeast. '

The most easterly and perhaps the most powerful of these disrup-
tions, to which the name “ Moine thrust ” has been given, differs from
all those to the west in two important points. First, the materials
overlying that plane comprise the Iastern schists, which possess dif-
ferent petrographical characters from the displaced masses to the
west. Secondly, in some instances the strata overlying this plane
have been driven so far west—for 10 miles at least in the Durness
area—that they rest almost directly on the undisturbed Cambrian
rocks. Hence arise those deceptive sections where there seems to be
a normal sequence from the fossiliferous Cambrian zones into the
Eastern schists. :

In England and Wales the pre-Cambrian occupies small areas and
its stratigraphy is less well known. '

f

SCANDINAVIA.

Scandinavia exhibits the largest continuous tract of pre-Cambrian
rocks in Europe. They may be regarded as an extension on the main-
land of those of Britain and are believed by Geikie to be similar in
general geological features. In western Norway the Archean may
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be represented by coarse banded gneiss, sometimes with limestone
bands, occupying large areas. This corresponds to the Lewisian
gneiss of England. Wlth it is intimately associated another group
of rocks, consisting of quartzite, hmcstone, mica sdnst, and quartz
schist, predonnnantly of sedimentary origin. This is certainly older
-than some of the gneisses, which can be seen to pierce it. It is sim-
ilar to the Dalradian series of Scotland. Resting upon the gneisses
unconformably is a later group of mica schists, phyllites, quartz
schists, clay slates, qual tzites, and schistose conglomerates, associated
with schists probably of eruptive origin. The age of this group is
not clear; part of it is as late as Silurian, part of it may well be Al-
gonkizm The similarity of a part of th(m rocks to the Torridonian
series is close. _ ‘

In Sweden a similar subdivision of the pre-Cambrian rocks is pos-
sible. The terms Algonkian and Proterozoi¢ have been applied by
Tornebohm to cover the pre-Cambrian sedimentary rocks. He divides
these rocks into Upper and Lower Algonkian. His upper series is
doubtless Algonkian as we use the term, but it is not certain that the
lower series is not Archean, at least in part. There is marked differ-
ence between the pre-Cambrian on the eastern and western sides of
the Scandinavian peninsula, and the western side also has been sub-
jected to much more metamorphism than the eastern side. The con-
tent of iron ores is a feature which emphasizes their similarity to the
Lake Superior pre- Cwmbrnn

FINLAND.

Most of Finland is covered by pre-Cambrian rocks with characters
similar to those of Sweden.

Sederholm,* in 1907, discusses the pre- Cambrian geoloo—y of eastern
“ Fenno-Scandia,” especially the origin of the granites and gneisses,
and presents a geological map of “ Fenno-Scandia.” The succession

is as follows:

Succession of pre-Cambrian rocks in “ Fenno-Scandia,” -

Names of the subdivisions. Supercrustal rocks. Infraciustal rocks.

. Diabases, sandstones, labrador- .
Jotnian. ites, co’nglomemtes.' Rapakivi granites.

Unconformity.

6 Sederholm, J. J.,, Om Granit och Gneiss, deras uppkomst, upptriidande och utbred-
ning inom urberget i Fennoskandia : Bull. Comm. Géol. de Finlande, No. 23 1907. (With

English summary of contents.

5
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Succession of pre-Ceombrian rocks in “ Fenno-Scandia "—Continued.

Names of the subdivisions.

Supercrustal rocks.

Infracrustal rocks.

S Augite porphyries and their tuffs,
UI(’B?;;’J i;tl;))han. ‘‘metabasites,”’anthracite, dolo~
8! . mites, slates, sandstones.
Jatulian.
’ ‘‘Metabasites,”’ dolomites, quartz-
Lower Jatulian. ites and quartzitic sandstones,
conglomerates.
Unconformity.
; “M ites,” quartzites, con-
Upper Kalevian. gl%‘;?‘l]é?;tes?’ q g
. Post-Kalevian granites, inject-
Kalevian Unconformity. ing the Kalevian and older
alevian. roclits, thus forming *‘veined
' eisses.
“M(ﬂ;ultmsitgs,;' tz}lc and }(ih}l()?te en
- schists, olomites, phyllites
Lower Kalevian. quartzites and quartzitic schists
(often glassy), conglomerates.
Unconformity.
PQSt_%‘l)]ttn}i}m%;thwites’d injﬁt]:t-
R . . ing the Bottnian and older
Ur(lm}ltpp{)rphyrlcs {;'nd their tuffs, rocks, thus forming ‘‘veined
Bottnian. plagioclase ~porphyrites, con- gneisses.”
glomerates, phyllites, leptites, .
ete.
Unconformity.. :
Post-Ladogian granites, dio-
rites, amphibolites, ete., in-
Phyllites and mica schists, glassy jecting the Ladogian and
Ladogian quartzites, conglomerates (?7), older “rocks, thus forming
. “‘metabasites,” dolomitic lime- ‘‘veined gneisses.”
stones, hiilleflintas, etc. .
Katarchean. Granitic gneisses, *‘metabasites,” etc.

o

From this succession it appears that in Finland there are at least

four pre-Cambrian sedimentary series.

For the Jotnian, Jatulian,

Kalevian, and Bottnian, Sederholm makes exactly the same point as
has been made with reference to the Algonkian. He says:

At least‘as far back as during Bottnian time the climatic conditions were
not sensibly different from those of later geological periods, as shown by the
existence of rocks which, in spite of their metamorphic character, show them-
selves to be sediments with the same regular alternation of clayey and sandy
material (“annual stratification ”) as the glacial clays of that same region,
explainable only by assuming a regular change of seasons.®

4 Op. cit,, p. 95.
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He further says the problem of the pre-Cambrian stratigraphy has
been solved “in a decidedly actualistic direction.” While Sederholm
1s too cautious to make any definite correlations with the Lake Supe-
rior region, he suggests that the Jotnian is similar to the Keweenawan
of North America, the Jatulian equivalent to the Animikie or upper
Huronian, and the Kalevian perhaps similar to the lower Huronian
of North America. This suggested likeness is even greater when it is
remembered that what was originally called the lower Huronian
is now divided intc the middle and lower Huronian, and that the
Kalevian is divisible into two unconformable series.

These sedimentary series together are Algonkian. Unconformably
below these are two series of rocks, the upper called the Ladogian,
and this series is intruded by the granites and gneisses of the Katar-
chean. If we correlate these with the Archean as we use the terms,
we may have in Finland two divisions of the Archean which cor-
respond to the Kgewatin and Laurentian. The essential difference
is that in the Ladogian, equivalent in position to the Keewatin, the
sedimentary rocks seem to be more important relatively than in
America. N

It is regarded as certain that some of the granites or gneisses have
served as the basement upon which the sediments were deposited, that
they have been remelted and have invaded the lower portions of the
sediments; in other words, there has been subcrustal fusion, but such
rocks are regarded and mapped as distinctly igneous and later than
the sediments. The gneissose structureis regarded as partly original—
that is, developed before the solidification of the rock—and partly
developed secondarily under dynamic pressure. The author presents
evidence of what he regards as partly fused, intermediate phases
~ between the granite and the sediments. No evidence was found that
petrographic character can serve as a basis for stratigraphic classifi-
cation. '

These conclusions are believed to cover a considerable part of
“ Fenno-Scandia.”

RUSSIA AND CENTRAL EUROPE.

The pre-Cambrian of Russia and central Europe has for the most
part not been satisfactorily subdivided and correlated, but it is
known to include both igneous and sedimentary rocks and their
metamorphosed equivalents. Algonkian and Archean are the major
divisions for the pre-Cambrian found upon the official geological
map of France published in 1905 under Michel Lévy as inspector-
general, and compiled by a committee consisting of thirty-five geolo-
gists of that country with the assistance of a committee of fifty .
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other geologists. In Bavaria and Bohemia the Archean may be
represented by the lower series of gneiss and granite of that region,
while' the Algonkian may be represented by an upper series con-
sisting of gneisses, schists, and limestones, grading up into clay
slates and schist. The Algonkian is probably represented also by the
metamorphosed sediments assigned to the pre-Cambrian in Germany
and Spain. Presumably some of the gneisses, schists, and granites
might be correlated with the Archean, but we are unable to state to
what extent the present information warrants such correlation.

SOUTH AFRICA.

In South Africa the pre-Cambrian has not been subdivided. Tt is
represented, according to Hatch and Corstorphine, by the Malmes-
bury series of micaceous slates and quartzites in southern Cape
Colony, and by the Swaziland series of slate, quartzite, conglomer-
ates, and schists of northern South Africa. All of these are asso-

ciated with granites and gneisses, In part intrusive.

INDIA.

In India there are two series underlying the oldest Paleozoic
formations. The oldest or Bunklekund gneiss is unconformably
covered by metamorphic series. In the western Himalayas also
there are two series, a lower gneiss and an upper gneiss, said to be
formed by the metamorphism of the older Paleozoics, into which
they pass. '

AUSTRALASIA.

In New Zealand crystalline schists occupy large areas, but it is
not known what part are pre-Cambrian. In Australia pré-Cambrian
rocks are believed to cover an area of perhaps 20,000 square miles,
but have not been subdivided. In Tasmania rocks of probable pre-
Cambrian age occupy a large area on the west side of the island. -
They include both igneous and sedimentary rocks and their meta-
morphosed equivalents. - : '

CHINA.

Through the researches of Baron von Richthofen the existence of
pre-Cambrian rocks in China has long been known, and he pointed
out that the Archean and certain later pre-Cambrian sedimentary
series were extensively represented. The work of Willis and Black-
welder has confirmed Von Richthofen’s observations and gives more
definite information regarding the character and sequence of the
rocks.
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Throughout northern China there are extensive areas of basement
complex, which is tentatively assigned to the Archean on the ground
of its complex internal structure, probably predominant igneous char-
acter, and position at the base of the pre-Cambrian terranes. It in-
cludes limited amounts of marble and schists which are of sedimen-
tary origin, but is dominantly composed of gneisses, believed to have
been derived largely. from igneous rocks, and is intruded by various
igneous rocks, among which granite predominates. The principal
occurrences of this complex which have been studied are in ‘Shan-
tung, northwestern Chi-li, and northern Shan-si.

The later pre-Cambrian formations of China have been discrimi-
nated best in the Wu-t’ai-shan Range in northern Shan-si. This
‘range presents at least three and possibly four pre-Cambrian groups
later than the Aichean, divided by. unconformities. Of the three .
which may be definitely recognized the older two constitute a sequence
of quartzite, biotite schist, muscovite schist, and chlorite schist, with
more or less marble. . The structures are complex, embracing schis-
tosity, isoclinal folding, and.overthrust. Two groups are recognized
as clearly distinct—the Nan-t’ai group of conglomerate, quartzite,
and limestone, and the Si-t’ai group, consisting prevailingly of chlo-
rite schist. The latter is believed to be the younger. A third group,
designated the Shi-tsui group, consists largely of biotite and musco-
vite schists and quartzite. It is probably older than either of the
others, but may represent some part of the Nan-t’ai. . The collective
name retained for the Nan-t’ai, Si-t’ai, and Shi-tsui groups is Wu-t’ai
series, originally given by Von Richthofen. :

Unconformably overlying the extensively altered Wu-t’ai series
1s a series of slates and limestones, which are but slightly metamor-
phosed and only moderately folded. The unconformity is recognized
chiefly by the difference of metamorphism and of structure, as im- .
mediate contacts have not been oberved. The younger sequence has
received the name Hu-t’o series. The exact succession has not been
ascertained, but the base of the series appears to include conglom-
erate, quartzite, and gray slates; and that part of the series which is
believed to constitute the upper half consists chiefly of flinty gray
limestones with interbedded slates. The total thickness amounts to
2,000 feet or more.

Throughout the northern part of the province of Chi-li there occurs
. a pre-Cambrian limestone, which has received the name Ta-yang or
" Nan-K’ou limestone. At the observed contacts it rests unconformably
upon the Archean with but a thin layer of argillite between them,
and it is unconformably overlain by strata of lower or middle Cam-
brian age. This limestone may be the representative of the Hu-t’o
series, but as the occurrences are widely separated and the strati-
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graphic relations are not precisely the same, correlation is not estab-
lished.

The strata of the Hu-t’o series and the Nan-k’ou limestone closelv
resemble, in siliceous and calcareous character and in the very mod-
erate degree of alteration which they have suffered, the Belt series
cf Montana. No fossils have been found in them, but it is not im-
possible that further search may be successful.

From the researches of Richthofen, Léczy, Obrutchoff, and others
it is known that pre-Cambrian rocks occur in many other mountain
ranges in China. In some cases only the basal complex appears to
be represented while in others metamorphosed sedimentary stmm
have been observed.

According to Willis «—

A provisional classification of the Wu-t’ai and limiting systems in the type
locality is as follows:

‘Tung-yii limestone_] Slates, limestone, and
Hu-t’o series (neo-Proterozoic)___ { Y ’ ’ ’

Tou-ts’un slate___. quartzite.

Unconformity.

Si-t’ai gloup _______ Chiefly chlorite schist;
quartzite conglomer-
ate at the base.

Unconformity.
|Nan-t’ai group-___. Siliceous marble, quartz-
Wu-t’ai series (eo-Proterozoic)___ ite, and schist,
Unconformity.

Shi-tsui group-____. Mica  schist, gneiss,
magnetite quartzite,
and basal feldspathic
quartzite.

Unconformity. '
T’ai-shan complex (Archean)________________________. Basal complex. of va-

ried gneisses and
younger intrusives.
It has been seen that the Archean, or basement complex, consists
dominantly of gneisses, probmbly in 1‘11'0‘0 part derived from igneous
rocks. Within these gneisses are various intrusions, among \Vthh
granite predominates. .Very subordinate masses of sedimentary ma-
terials are found. In short, the descriptions of this complex show
that it has all of the characteristics of the Archean. The four sedi-
mentary groups unconformably above the Archean are composed of
rocks which were originally muds, grits, conglomerates, and lime-
stones. In other words, they have all of the characteristics of the -
Algonkian. '
There is thus a remarkable similarity between the Archean and the
Algonkian of China and similar systems in North America. Indeed,

« Willis, Bailey, and Blackwelder, Eliot, Research in China, vol. 1, Descriptive geology,
pp. 109~-123; vol. 2, Systematic geology, p. 4, Carnegie Inst., 1907.
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the number of certainly recognized divisions of sedimentary rocks of
pre-Cambrian age are precisely the same as in the Lake Superior
region. Willis suggests that the three lower groups, which he places
in the Wu-t’ai series, are equivalent to the Huronian of the Lake
Superior region, which also is divisible into three unconformable
parts. This would leave the Hu-t’o series to be correlated with the
Keweenawan. It would not be well to emphasize too strongly this
close correlation suggested, but certainly the similarity of the suc-
cession 1s astonishing and suggests the possibility that in the future
we may be able to correlate the unconformable series in the Algon-
kian in provinces separated as far from one another as the Lake
Superior region and northern China. The similarity of the succes-
sion in Finland gives additional emphasis to this suggestion.

In the classification of the Algonkian presented by Willis for

China he introduces into the nomenclature of the pre-Cambrian the
words neo-Proterozoic and eo-Proterozoic. We question this prac-
tice, since we can see no philosophical basis upon which such a
division can be made, nor do the facts as they occur in the field seem
to us to require any such division.

JAPAN.

The Imperial Geological Survey of Japan outlines the geology of
Japan.® At the base of the column is the Archean group (in the
sense of pre-Paleozoic), sedimentary phases of which occupy 3.4 per
cent of the total area of Japan. The group comprises two systems.
The lowest, the gneiss system, consists of gneiss, schists, and am-
phibolites, with intercalated limestone and granulites. It is de-
scribed as similar in lithological character to the Laurentian of North
America and to the oldest rocks found in Korea, China, and Siberia.
The succeeding system, called the crystalline schists, consists of
various schists of a phyllitic aspect, accompanied by serpentine and
gabbro eruptives but not by granitic eruptives. The junction between
the crystalline schist system and the gneiss system is generally in-
dicated by faults. The crystalline schist system, according to the
Japanese geologists, may correspond to the Algonkian of North
America or to the phyllite system of Europe, but nothing can be
sald as regards the correlation, as the oldest fossiliferous series of
the Paleozoic group has not yet been found in Japan.

GENERAL.

This brief and imperfect summary of the pre-Cambrian of other.
countries than North America brings out the significant fact that

7 Qutlines of the geology of Japan, descriptive text, with geological map of Japan, com-
piled by officials of the Imperial Geological Survey of Japan, Tokyo, 1902.
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the oldest system is prevailingly gneissic and schistose, that it is dom-
inantly of igneous origin, that it contains also sedimentary rocks, that
between this system and the Paleozoic is a system of more or less meta-
morphosed sediments and volcanics which have locally been divided
into series and formations, and that this system essentially lacks fossil
remains, but shows traces of them. Between the two systems in va-
rious countries there are unconformities. The first system may be
called Archean, the second Algonkian. Perhaps the most signifi-
cant feature -of all is the evidence of subordinate amounts of sedi-
ments in the Archean gneissic rocks, just as is now being found in
North America.

HISTORY OF NAMES APPLIED TO PRE-CAMBRIAN ROCKS.

In the early days of American geology the name “ Primary” or
- “Primitive ” was more widely applied to the ancient rocks than any
other. Among the older geologists this name, applied in a general
way to the pre-fossiliferous or metamorphic rocks, was used by
- Akerly, Alexander, Booth, Dewey, Ducatel, aton, Emmons, Hitch-
cock (Edward), Jackson, Mather, Mitchell, Percival, Rogers (H.D.),
Rogers (W. B.), Silliman, Tuomey, Vanuxem, and others. Its use
was nearly universal in 1820 and it was applied as late as in the .
forties. .

The term “ Primitive ” in the United States was gradually super-
seded by “ Azoic.” Used by Adams as early as in 1846, in the litera-
ture of the fifties and sixties it very widely occurs. Among more
prominent geologists in whose writings it may be found are Adams,
Cook, Crosby, Emmons (E.), Frazer, Hitchcock (C. H.), Hitch-
cock (E.), Kerr, Rogers (H. D.), Safford, Whitney, Wadsworth, and
others. In its earlier use “ Azoic” was often made to cover all rocks -
which were apparently destitute of life, without reference to whether
they are older than the fossiliferous rocks or not. It was thus applied
by Adams, Emmons (E.), and the elder Hitchcock. With Rogers
the “ Azoic” included nonfossiliferous rocks which are younger than
the “ Hypozoic” or gneissic series proper. Ordinarily, however, the
term was used to cover all pre-Silurian sedimentary rocks, the
Silurian being then regarded as the base of the fossiliferous systems.
It was thus clearly defined by Foster and Whitney in their applica-
tion of it to the Lake Superior rocks, and the “ Azoic” was held by
them to be structurally indivisible. While the rocks of the “ Prim-
itive ” and “ Azoic” were early subdivided into lithological divisions,
there was little or no attempt to apply stratigraphic methods to them.
Later the “ Azoic” was subdivided by certain geologistsinto ¢ Lauren-
tian,” “ Huronian,” etc.

The work of Logan and Murray marks in America the beginning
of a truly structural study of the ancient rocks. In different places
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in Canada they found pre-Cambrian rocks, which they mapped in
detail. The two areas in which this work was begun were the north
shore of Lake Huron and the Laurentide Mountains. With scientific
spirit they applied to the rocks of these areas no terms which involved
any theory of origin or equivalence, but gave the rocks the names of
the localities, in this following one of the fundamental principles of
good structural work. IIavmg no fossils for guides, they built up a
succession on the north shore of Lake Huron by following formations
in continuous exposure, by lithological likenesses of exposures sepa-
rated by short intervals, by a like order of formations in different
localities, and by the use of an unconformity, which was held to occur
between the Huronian sediments and the underlying crystalline rocks.

In Logan’s work on the “ Laurentian ” the same methods were used
as far as practicable, but on account of the comph'c‘lted structure of
the region his success was here much less conspicuous. The difficulty
of the district drove Logan to take the one characteristic formation,
the limestones, as horuons to follow and to serve as planes of refer-
ence in working out the structure. But even this guide was not a cer-
tain one, as Logan never became quite sure as to the number of lime-
stones present. As the study of the Laurentides continued the rocks
were divided into two divisions, a “ Lower Laurentian” free from
limestone- and an “ Upper Laurentian” containing the limestones.
The two were held by Vennor, and by Selwyn for a time, to be un-
conformable. As the area studied in the Laurentide Mountains
widened, a new formation was found, a laminated gabbro. It was
recognized as being largely composed of labradorite or anorthite and
so was first called “ Anorthosite” or “Labradorian,” and afterward
“Norian.” The contacts of this formation with the other formations
of the “ Laurentian ” were recognized as not those of conformity. In
these early days it was naturally supposed that all laminated rocks,
whatever their character, were sedimentary, and as in certain places
the “Labradorian” appeared to cut across or overlap the old
“ Laurentian ” it was designated “:Upper Laurentian,” and what had
before been called “ Upper Laurentian” was designated “Middle
Laurentian.” When the eruptive character of the * Labradorian”
was shown, the Canadian Survey returned to the first uses of the
terms ¢ Upper Laurentian ” and “ Lower Laurentian.”

In comparing the “ Huronian” and “Laurentian ” it appears that
the principle used in_reaching the conclusion that the original “ Upper
Laurentian,” separated by a great distance from the original Hu-
ronian and nowhere in contact with it, .is the older, was the meta-
morphic character of the former as compared with the latter, which
in the early work of Logan and Murray was called a nonmetamorphic
series. The lithological likeness of the gneisses and granites of the
original “Lower Lmurentmn » to the granites and gneisses called
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“Lower Laurentian” unconformably underlying the Huronian
doubtless was the reason for placing these as equivalents.

In the later work of Logan and Murray the names “ Huronian ” and
“ Laurentian ” were applied to regions far distant from the original
areas, the guiding principles for so doing being wholly lithological
likeness and degree of metamorphism. Working under these prin-
ciples, as granites and granite gneisses are so abundant in the orig-
inal Laurentian, and are nearly absent in the original Huronian, it
became customary with these authors to refer to granitoid areas as
“ Laurentian,” while sedimentary series containing quartzites, lime-
stones, or dark, fine-grained schists were referred to the “ Huronian,”
and this reference was frequently made when the series as a whole
was very much more crystalline than the original Huronian. The
only exception to a reference of all pre-Cambrian rocks to the Huron-
ian and Laurentian were the rocks now known as I{eweenawan series
and Animikie group. These were recognized as resting uncon-
formably upon the so-called “Huronian” of Lake Superior, while
the Keweenawan was seen to be of a wholly different lithological
character from the Lake Huron rocks. These series were called the
“Upper Copper-bearing series,” the original Huronian often being
called the “ Lower Copper-bearing series.”

We find these two geologists, Logan and Murray, starting with
scientific principles, laboriously studying year after year the detailed
occurrences of the rocks in the midst of a forest-covered wilderness,
until their inductions built up the “ Original Huronian” and “ Origi-
nal Laurentian ” series. In their later work, of a very much less de-
tailed character, over vast areas the terms were applied somewhat
indiscriminately and in such a way as to imply that below the
“Upper Copper-bearing” rocks there are only two series, one of
which is equivalent to the original Huronian and the other of which
is equivalent to the original Laurentian.

These terms, Huronian and Laurentian, were gradually adopted
by geologists working on the United States side of the boundary, so
that in recent years, with the exception of Archean, they have been
the most widely used names for designating the ancient rocks.

If Logan and Murray in their later work departed from strict
scientific methods in the use of these terms, this departure was as
nothing compared with the extremes to which later geologists of
America have gone. By many geologists, coarse-grained granites
and granite gneisses were designated “ Laurentian ” without reference
to evidence as to whether they were intrusive rocks of far later age.
In applying the term “ Huronian” the methods followed were even
worse. Sometimes atuthors took a green color to be a characteristic
feature of the Huronian and here referred all the green schists; others
took a laminated structure to be characteristic of the series and here
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o
referred all the laminated rock, including even coarse-grained lam-
inated gneisses; others took the volcanics associated with the Hu-
ronian to be its characteristic feature and so called various pre-
Cambrian volcanic rocks “ Huronian ;” others regarded metalliferous
rocks as the important feature of the Huronian.

The real basis of all this work is the assumption that rocks of a
certain kind are characteristic of a definite period of the world’s his-
tory, and that if rocks are found which are really like the Huronian
and Laurentian in htholomcal character they should be refcrred
respectively to these series. .

The Lake Superior region furnishes a rather marked exception, as’
do certain others, to the indiscriminate and unwarranted use of the
term Huronian. This region is so near to and is connected in such a
way with the original IImonmn of Lake Huron that it was possible
to make a strong case of probability in favor of the equivalence of
the clastic rocks of the two regions. The Lake Superior Huronian
was divided into formations upon the same principles that were used
in mapping the original Huronian. While the term “ Laurentian”
was applied to the pre-Huronian rocks on the north shore of Lake
Huron and about Lake Superior, a number of geologists recognized
the fact that this was a variation from its application in the original
Laurentian area. , _

As geological knowledge increased and as the theories involved in
the terms “ Primitive ” and “Azoic” were more and more attacked,
in order to avoid a theory of origin the term Archean was proposed
for the ancient rocks by Dana in 1872. This term rapidly grew in
favor. By its use not only the disadvantage of a theory of origin was
avoided, but in common with * Prlmltwe ” and “Azoic” it was nec-
essary to subdivide the ancient rocks into “ Laurentian ” and “ Huron-
ian,” and thus imply a correlation with the rocks of other regions.
In the early rapid work of the Far West, detailed observations usu-
ally stopped at the base of the fossiliferous series, and it was conven-
ient to regard all the remaining rocks as a unit, and to cover this
unit the term Archean was adopted. After a more detailed study of
certain regiens the terms “ Laurentian ” and “ Huronian ” were ap-
plied to subd1v151ons of the Archean. This term Archean also found

early favor with the Canadian Survey to include these two chvrsmns
of pre- Cambrian rocks. :
“Tozoic ” was another term suggested to replace “Azoic” when
many had come to the conclusion that the rocks once supposed to be
destitute of life are not really so. This was used to a considerable
extent in the sixties and seventies. This term implies a theory just
the opposite of “Azoic.” :

As already said, the theory involved in referring all pre-Cambrian

rocks to the “ Laurentian ” and “ Huronian ” is that there was in pre-



62 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

 Cambrian time an invariable succession. This theory was carried to
the extreme by Hunt and his school, who held that before Cambrian
time there are six rock ¢ systems,” which are universal and are sep-
arated by unconformities. These are, from the base upward: Lau-
rentian, Norian, Arvonian, Huronian, Montalban, Taconian. Of
these terms “ Norian ” was devised to include the laminated gabbros,
the so-called Upper Laurentian of Logan. “Arvonian” was im-
ported from Wales, where it was.applied by Hicks to a series of
acidic volcanics. “ Montalban ” came from the White Mountain re-
gion in New Hampshire, where a series of gneisses was thought to
be of different lithological character from the “ Laurentian” and
“ Huronian ” and to overlie them. “ Taconian” was introduced by
Ebenezer Emmons to cover a series of fossiliferous rocks which was
supposed to be earlier than the base of the * Silurian.”

Besides the terms given, others have been used to some extent, but
.they are of little importance. Among these may be mentioned “ Hy-
pozoic, ” “ Prozoic, ” and * Pyrocrystalline.”

As the metamorphic theory gained force it became the habit of
many geologists to refer to old crystalline or semicrystalline rocks
as metamorphic, assuming that they are all produced by the altera-
tion of sediments of some kind. This went so far as to include among
the metamorphic sediments perfectly massive rocks, such as diabases,
gabbros, granites, etc. Recently the term has also been applied
to rocks recognized as laminated eruptives, but this is not the use
referred to. The term metamorphic had the advantage of saying
nothing as to age or correlation, but in escaping this difﬁculty another
theory was accepted which, so far as its assumptlon is concerned, was
quite as bad.

In many cases local names were applied to formations or groups

in order to avold any theory of age or correlation. The most con-
spicuous example of this kind is that of the Keweenawan series of
Lake Superior.

This tendency to return to the use of local names was plalnly a
reversion to scientific methods, which were never departed from by
certain geologists, who declined to use any term for the ancient rocks
which involves a theory of origin or succession, but divided the rocks
which they found in their respective districts into lithological di-
visons or local formations. - Conspicuous among early geologlsts of
this class are Jukes, Percival, and Lieber.

In the late eighties Irving proposed that there be placed below the
Paleozoic another system of coordinate value, for which the term
“Agnotozoic ” or “ Eparchean ” was suggested. This term cut out of
the Archean a large class of rocks which had before been included in
that system. In 1889 the name Algonkian was brought forward by
the United States Geological Survey for the systemic place for which
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Trving had proposed “Agnotozoic ” or “ Eparchean.” This involved
the restriction of the term Archean to the pre-Algonkian complex.
In the previous edition of this bulletin (Bulletin No. 86) Algonkian
and Archean were thus used and Proterozoic was favored as the
“zoic” term equivalent to Algonkian. Cambrian was defined as ex-
tending downward to the base of the beds carrying the Olenellus
fauna. . '

In the late nineties work in the Lake Superior region showed that
the rocks of the Archean complex are in small part of sedimentary
origin. The retention of these sedimentary rocks in the Archean
marked a departure from the usage of this term as originally defined
by the Survey. The terms as used in the present bulletin are ap-
" plied essentially to the same rock divisions as before, but the defini-
tions have been modified.  The reasons for redefining the terms
Archean and Algonkian rather than talking the sedimentary rocks
out of the Archean are discussed on pages 19-24. _

In 1905 the international geological committee recognized and
adopted the following succession and names for the Lake Superior
region : .

Cambrian: Upper sandstones, etc.,, of Lake Superior region.
Unconformity.
Pre-Cambrian :
Keweenawan (Nipigon).e
Unconformity.
Upper (Animikie).
Unconformity.
Huronian { Middle.
Unconformity.
Lower. '
Unconformity.
Keewatin.
Eruptive contact.
Laurentian.

e Lane dissents as to the position of the Keweenawan as follows: “ The use of pre-
Cambrian above does not. imply unanimity in the committee with regard to the pre-
Cambrian correlation of the Keweenawan—a topic the committee as such did not
investigate.”



CHAPTER 1L

SUMMARY OF LITERATURE FOR NORTH AMERICA
(GENERAL).c

MacLurg,*? in 1809, places in the Primitive rocks granite, gneiss,
mica slate, clay slate, primitive limestone, primitive trap, serpentine,
porphyry, syenite, topaz rock, quartz rock, primitive flinty slate,
primitive gypsum, and white stone; and in the Transition, transition
Iimestone, transition trap, graywacke, transition flinty slate, and
transition gypsum. The rocks of the Primitive prevail east of Hud-
son River. Throughout the greater part of the eastern and northern
States the sea washes the Primitive rocks, but to the southwest the
Primitive runs in a broad belt as far as Alabama, and between it and
the ocean is a wide belt of alluvial rocks. The Transition rocks occur
in one main belt, running in a northeast-southwest direction from
New York to Alabama, and in several minor belts.

Eatox,?in 1832, places as Primitive rocks granite, mica slate, horn-
blende rock, talcose rock, granular quartz, and granular lime rock.
These Primitive rocks are all contemporaneous except the granular
quartz and lime rocks, since they alternate continually, and all are
destitute of organized remains. Numerous localities are given for
each class. ) :

Emyoxs (E.),* in 1855, divides rocks into Pyrocrystalline, Pyro-
plastic, and Hydroplastic.

The Pyrocrystalline class comprises massive rocks, including
granite, syenite, hypersthene, pyrocrystalline limestone, serpentine,
rensselaerite, and octahedral iron ore, and laminated rocks, including
gneiss, mica slate, hornblende, talcose slate, etc., laminated limestone,
and laminated serpentine. The Pyroplastic rocks comprise subaerial,
including lavas and tuffs, or volcanic products, and submarine, in-
cluding greenstone, porphyry, basalt, and trap. The Hydroplastic
rocks comprise Paleozoic, Mesozoic, and Cenozoic. The Paleozoic is
divided from the base upward into Taconic, Silurian, Devonian,
Carboniferous, and Permian. Metamorphic or Azoic rocks are not

e This chapter contains only such material as can not be easily classified under the
geographic headings of the following chapters. -Many articles with references to the
general geology of North America have been classed under the local headings.

b for notes see end of chapter, p. 104.
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recognized as classes, as they may occur-in all series from the earliest
to the latest sediments. That gneiss, mica slate, hornblende, talcose
slate, etc., are metamorphic altered sediments there is no evidence.
Azoic is objectionable because it presupposes that our observations
have made certain that which must ever remain doubtful.

The Pyrocrystalline rocks are due to the consolidation of the earth’s
crust. These rocks increase in thickness by additions below. On
contraction fissures are formed, through which flow fluid materials
which are Hydroplastic and later. The age of rocks may be deduced
from the perfection of their crystalline state. The preeminently
crystalline granites are the product arising from the first cooling of
the first crust. Granite may or may not be connected with the oldest
masses of the globe. The granites of the United States are of two
classes; those of one class are more ancient than the Taconic rocks;

. the others, which are later eruptions, are certainly as new as the’

Carboniferous. In New England the ancient granites are widespread,
but there are also large areas of granite which has been erupted from
fissures and whose structure is more or less sheeted. It is impossible
to draw lines of distinction between the two kinds of granite, except
when the earlier granite is traversed by the later. The lamination of
the laminated Pyrocrystalline rocks is probably due to crystallization.
“neiss, mica slate, hornblende, and talcose slate are so blended that it
" ig difficult or impossible to define their boundaries, and they are all
regarded as contemporaneous formations.

The oldest Hydroplastic rocks constitute the Taconic system, which
has a clear and well-defined base, rarely obscured by passages into the
primary schists or the Pyroplastic syenites or granites. This system
i3 limited above by the Silurian system, at the base of which is the
Potsdam sandstone. The: thickness of this system is from 25,000 to
30,000 feet. Sediments of all systems must necessarily consist of the
same materials—sandstones, limestones, slates, conglomerates, and
breccias; but a comparison of the lower members of the Taconic and
the Silurian shows a decided difference in mineral constitution. The
first partakes of the primary character of the granite, gneiss, mica,
and talcose slates of the Pyrocrystalline rocks, from the last two of
which it 1s often difficult to distinguish them, while the materials of
the Silurian are derived from the Taconic rocks. The Taconic sys-
tem, from the base upward, comprises (1) conglomerates and brec-
cias, (2) limestones, (3) slate of enormous thickness, (4) dark-colored
Taconic slates, and (5) sparry limestones. The absence of fossils
in the Taconic rocks is thought to be due to the probable absence of
animals and plants at the time the Berkshire limestone and earlier
Taconic rocks were deposited. In the Upper Taconic rocks are
found remains of both plants and animals. The rocks of the Ta-
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conic system form a belt on both sides of the Blue Ridge. On the
west it is continuous from Canada to Georgia. On the east it is
wider in certain places than on the west side, but its continuity is

broken. The Taconic system rests, then, on the following points:.

. The formations of the series are physically unlike the Lower Silu-
rian; it supports the Lower Silurian unconformably at numerous
places; it is a system in which life existed, and the remains of organ-
isms are unlike those of the Lower Silurian; it carries back many
stages farther the time when life appeared, and represents a period
vastly longer than the Silurian, although it may occupy a less super-
ficial area.

Locan and Hunt,* in 1855, gave a geological sketch of Canada.
The ancient rocks are divided into the Laurentian system and the
Cambrian and Huronian system.

The rocks of the Laurentian system are almost without exception.

old sedimentary beds that have become highly crystalline; they have
been greatly disturbed, and form mountain ranges running about
northeast-southwest, and sometimes rising to heights of 800 or 1,000
meters, and even beyond. The rocks of this formation are the oldest
known on the American continent, and probably correspond to the
oldest gneisses of Finland: and Scandmavu and to similar rocks in
the north of Scotland. The rocks of the Laurentian formation are in
large part crystalline schists, mostly gneissoid or hornblendic. Asso
ciated with these schists are seen heavy stratified masses of a crystal-
line rock which is almost entirely composed of feldspar with a base of
lime and soda. With these schists and these feldspars are found
strata of quartzite, associated with crystalline limestones which have
a rather important place in this formation. The limestones form
beds from 1 meter to more than 100 meters thick, and often present
a succession of thin beds intercalated in beds of gneiss or quartzite.
The quartzites sometimes present themselves under the form of con-
glomerates, and in certain cases have a paste of dolomite. Beds of
dolomite or of more or less magnesian limestone are often intercalated
with pure limestones. These schists, feldspars, quartzites, and lime-
stones, such as we have described them, constitute the stratified part
of the Laurentian system; but there are, furthermore, intrusive gran-

ites, syenites, and diorites which form quite important masses; the.

granites are sometimes albitic and often contain tourmaline, mica in
large flakes, sphene, and sulphate of molybdenum. Associated with
the limestones are important beds of hematite and limonite. Graph-
ite is very frequently disseminated in little flakes in the crystalline
limestones, and forms also veins having sometimes a considerable
thickness. Two of these are found near Grenville, on the Ottawa.
The graphite exists in three detached bands, each having a thickness
of about 12 centimeters.

B
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To the Cambrian and Huronian system belong the rocks on the
north shores of Lakes Huron and Superior—a series of schists, sand-
stones, limestones, and conglomerates, interspersed with heavy layers
of diorite and resting uncomformably on the Laurentian system. As
these rocks are lower than the Silurian terrane, and as they have thus
far not yielded a single fossil, they may well be referred to the Cam-
brian system (the Lower Cambrian of Sedgwick). The schists of
this system on Lake Superior are bluish and inclose layers of horn
flint having calcareous bands and cracks often filled with anthracite.
These rocks are covered with a considerable thickness of trap, on
which are superposed heavy beds of white and red sandstone, which
sometimes pass into a state of conglomerate inclosing globes of quartz
and jasper. Beds of a reddish argillaceous limestone are found inter-
spersed with these sandstones, which are cut through and covered by
a second formation of diorite of great thickness, offering a columnar
structure. This formation, which has a total thickness of nearly
4,000 meters, is traversed by a great number of trap dikes. In the
corresponding formation of the north shore of Lake Huron are
found sandstones having a more vitreous aspect, and conglomerates
more abundant than on Lake Superior, associated, however, with
schists and schistose conglomerates resembling those just described,
the whole presenting great masses intercalated with diorite. A layer
of limestone having a thickness of 16 meters forms part of this series.
After the eruption of the interstratified diorites have appeared two
systems of dikes of diorite, and a third of granite, of an epoch inter-
mediate between the other two. The formation of the metalliferous
veins belongs to an epoch still more recent.

This Huronian formation is observed over a distance of nearly 150
leagues on Lakes Huron and Superior.

Dana,® in 1863, gives an account of the Azoic age. This age is de-
fined as the age in the earth’s history preceding the appearance of
animal life. Among the Azoic rocks are included all the rocks that
are older than the Potsdam sandstone of New York, between which
and the Azoic general unconformable relations obtain. The Azoic
rocks constitute the only universal formation. They cover the whole
globe, and were the floor of ‘the oceans and the rocks of all emerged
land when animal life was first created. But subsequent operations
over the sphere have buried the larger part of the ancient surface, and
to a great extent worn away and worked up anew its material, so that
the area of the old floor now exposed to view is small. The Azoic
regions include Canada north of the St. Lawrence, reaching northeast
from Lakes Huron and Superior to Labrador, and continuing north-
west to the Arctic Ocean, the Adirondacks of northern New York, a
similar area south of Lake Superior, west of the Mississippi a small
area in Missourl, the Black Hills in Dakota, the Laramie Range in
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Nebraska, part of the Ozark Mountains in Arkansas, and in northern
New Jersey Azoic gneiss, limestone, and other crystalline rocks con-
taining beds of iron ore. The rocks of the Azoic are mostly of the
metamorphic series, related to granite, gneiss, syenite, and the like,
but they embrace only the most ancient of these rocks. The Azoic
rocks are nearly all crystalline, a few sandstones, slates, and con-
glomerates being the only exceptions. They are remarkable for the
small amount of silica they contain, as shown in the diorites and lab-
radorite rocks. Prevalence of iron ore is another characteristic, and
none of the minerals are simple silicates of aluminum. While the
Azoic rocks are crystalline they follow one another in variations and.
alternations, like sedimentary beds of later date. Granite or gneiss
may lie between layers of slate or schist, and quartz rock may have
any place in the series. The Azoic rocks are the results of alteration
of sedimentary strata, as is shown by the fact that schists graduate
Into true slates, quartzites into sandstones, and conglomerates and
gneiss inte gneissoid granite and thence to true granite and syenite..
As evidence of life in the Azoic age are cited the formations of lime-
stone strata, the occurrence of graphite in the limestone, and the oc-
currence ‘of anthracite in small pieces in the iron-bearing rocks of
Arendal, Norway. Crystalline rocks have been formed in various
ages, those in New England, for instance, long after the Azoic;
hence it is possible that some of the Azoic rocks have undergone a
second or third alteration subsequent to the original one in the Azoic
age.

Locawn,® in 1864, gives a general account of the ancient rocks of
Canada. He states that the rocks composing the Laurentide Moun-
tains in Canada and the Adirondacks in New York are the oldest in
North America. They have been shown to be a great series of strata
which, though profoundly altered, consist chiefly of quartzose, alumi-
nous, and argillaceous rocks, like the sedimentary deposits of less
ancient times. This great mass of crystalline rocks is divided into
two groups, and it appears that the Upper (Labradorian) rests un-
conformably upon the Lower (Laurentian) series. The united thick-
ness of these two groups in Canada can not be less than, and probably

.much exceeds, 30,000 feet. A third Canadian group, the Huronian,
has been shown by Murray to be about 18,000 feet thick, and to con-
sist chiefly of quartzites, slate conglomerates, diorites, and limestones.
The horizontal strata, which form the base of the Lower Silurian in
western Canada, rest upon the upturned edges of the Huronian series,
which, in its turn, unconformably overlies the Lower Laurentian.
The Huronian is believed to be more recent than the Upper Lauren-
tian series, although the two formations have never yet been seen in
contact,
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The united thickness of these three great series may possibly far
surpass that of all the succeeding rocks, from the base of the Paleozoic
series to the present time. We are thus carried back to a period so
remote that the appearance of the so-called Primordial fauna may be
considered a comparatively modern event. We, however, find that,
even during the Laurentian period, the same chemical and mechanical
processes which have ever since been at work disintegrating and
reconstructing the earth’s crust were in operation. In the conglom-
erates of the Huronian series there are inclosed bowlders derivéd from
the Laurentian, which seem to show that the parent rock was altered
to its present crystalline condition before the deposition of the newer
formation, while interstratified with the Laurentian limestones are
beds of conglomerate, the pebbles of which are themselves rolled frag-
ments of still older laminated sand rock, and the formation of these
beds leads us still further into the past.

In both the Upper and the Lower Laurentian series there are sev-
eral zones of limestone, each of sufficient volume to.constitute an in-
dependent formation. Of these calcareous masses it has been ascer-
tained that three, at least, belong to the Lower Laurentian. But as
we do not as yet know with certainty either the base or the summit of
this series, these three may be conformably followed by many more.
Although the Lower and Upper Laurentian rocks spread over more
than 200,000 square miles in Canada, only about 1,500 square miles
have yet been fully and connectedly examined in any one district, and
it is still impossible to say whether the numerous exposures of Lau-
rentian limestone met with in other parts of the province are equiva-
lent to any of the three zones, or whether they overlie or underlie
them all. As evidence of life in the Laurentian limestone are graph-
ite, great beds of iron ore, and recognizable organic forms resembling
Stromatopora. ‘ .

Hoxt,” in 1867, again characterizes the Laurentian and Huronian
rocks.

Under the name Laurentian terrane, the Geological Commission of
Canada at first comprehended two distinct series of rocks, one resting
unconformably on the other, which it afterward distinguished as
Lower Laurentian and Upper Laurentian or Labradorian. The first
of these two series corresponds to the Primitive gneiss (Urgneiss) of
Scandinavia and of the west coast of Scotland. After carefully
studying this ancient gneissic system of North America, the Geolog-
ical Commission of Canada gave it the name of Laurentian system,
“taken from the Laurentide Mountains. As early as 1855 the convie-
tion was expressed that it is 1dentical with the Primitive gneiss of
Turopean countries, an identity which afterward was established by
Murchison for Scotland. More recently Gumbel and Von Hoch-
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stetter, after an exhaustive study of the old gneiss of Bavaria and
Bohemia, enunciated its identity with the Laurentian terrane of
Canada, a conclusion which the former of these scientists, moreover,
supported by a comparison of the organic remains of the two regions.

The Lower Laurentian is composed of crystalline schists, a large
part of which are gneisses, at times granitoid, with quartzites, often
conglomerates; amphibolic and micaceous schists,- pyroxenic rocks,
ophiolites, and limestones, sometimes magnesian. These limestones,
ordinarily very crystalline, are found united in three great distinct
formations, each having a mean volume of 1,000 to 1,500 feet, and
separated by still more considerable masses of gneiss and quartzite.
The measured thickness of this series on the Ottawa exceeds 20,000
feet, which is probably far from representing the total volume of the
system, which in Bavaria is supposed to attain not less than 90,000
feet. In Hastings County, north of Lake Ontario, there is found
resting conformably on Laurentian gneiss a series of at least 20,000
feet of crystalline schists, comprising a great thjckness of impure
limestones and calcareous schists, and terminating in a heavy mass
of dioritic rocks. It seems established that this series, which differs
sensibly by the succession of the beds and by its lithological charac-
ters from that described above, belongs also to the Lower Laurentian,
of which it would form a higher member; and thus the known thick-
ness of this system in Canada would rise to at least 40,000 feet.

The Upper Laurentian or Labradorian terrane is found resting,
in the form of patches, unconformably on the Lower Laurentian,
both on the Hastings series and on the Ottawa series, where it often
occupies a width of several miles. It is found at intervals from Lake
Huron to the coasts of Labrador, and is everywhere recognized by its
lithological characters. This Labradorian -terrane inclosed gneiss
with orthose, with quartzites and crystalline limestones, but its pre-
dominating element is an anorthosite, or rock composed essentially of
a feldspar of the sixth system, with a mixture of pyroxene, often as-
suming the form of hypersthene. This anorthosite is sometimes
gneissoid, and even fine grained; but it assumes rather often a gran-
itoid structure, with great cleavable forms in the feldspar. The latter
is ordinarily andesite or labradorite, of which it sometimes presents
fine opalescent varieties resembling those brought from Labrador.
The thickness attained by the Upper Laurentian terrane is not certain,
but it probably exceeds 10,000 feet. The Lower Laurentian presents
nothing that resembles the anorthosites of the Upper Laurentian,
which form the highest summits of the Adirondacks, and seems to be
identical with the hypersthenites of the Hebrides of Scotland, de-
scribed by MacCulloch. The limestones of the Lower Laurentian of
Canada inclose organic remains, principally belonging to an orgamism

[PPSR S
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studied and described by Dawson, who has given it the name Eozoon
canadense. ' . :

The Lower Laurentian terrane is affected by many undulations that
have upraised the beds, rendering them at times almost vertical. The
mean direction of these foldings is about north and south, but sec-
ondary undulations from east to west appear in the region north.of
the Ottawa, the only one where thus far it has been possible to study
the intimate structure of this terrane. The beds of the Upper Lau-
rentian also are upraised at high angles, but the structure of this ter-
rane, which has evidently undergone part of the movements that af-
fected the lower, has not yet been studied. The lower terrane is
traversed in several localities by igneous rocks, and there have been
ascertained at least four epochs of effusion, three of which are ante-
rior to the Silurian period. These eruptive rocks are syenites, quartz-
iferous porphyries, and dolerites.

Under the name Huronian terrane is designated a series of rocks,
more or less altered, resting unconformably on the Lower Lauren-
tian terrane, and probably also on the Labradorian terrane. This
series is composed of quartzites, more or less chloritic or epidotic
schists, sometimes with impure serpentines, and diorites, which con-
stitute very important masses in the series. The quartzites, as well
as the chloritic schists, often inclose rolled pebbles, many of which are
derived from the Laurentian gneiss. This Huronian terrane com-
prises, moreover, a band of about 300 feet of granular limestone,
which is impure and often very siliceous. The Huronian terrane on
Lake Huron has a thickness of about 18,000 feet. It is also found on
the Ottawa, and thence extends to the west of the Mississippi, though
covered in large part by Paleozoic terranes. It does not seem to exist
in the eastern region of Canada, but recent observations made on the
island of Newfoundland and in Nova Scotia have demonstrated the
existence there of rocks that have been referred to this old terrane
which seem to correspond to the Primitive schists (Urschiefer) of
Scandinavia. No fossils have yet been found in this terrane. Con-
siderable masses of schistose hematitic iron ore are inclosed in this
Huronian terrane on the northeast shore of Lake Superior, and in
still greater abundance at the south, where the famous iron mines of
Marquette are found. This terrane is more or less affected by undu-
lations anterior to the Silurian epoch.

Daxa® in 1872, states that lithological evidence for the chrono-
logical arrangement of the crystalline rocks of New England means
nothing until tested by thorough stratigraphical investigation. This
evidence probably means something with respect to Laurentian rocks,
but it did not until the age of the rocks, in their relations to others,
was stratigraphically ascertained. It may be worth something as
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regards later rocks when the facts have been carefully tested by
stratigraphy. Before a fossil is used for identifying equivalent beds
it is by careful observation proved to be restricted to the rocks of a
certain period, and even then it is used cautiously.  Has anyone
proved by careful observations that crystals of staurolite, cyanite, or
andalusite are restricted to rocks of a certain geological period?

Dana,® in 1876, gives an account of Archean time. The Archean
time includes” an Azoic and an Eozoic era, though not yet dis-
tinguished in the rock. The Azoic age is the era in which the physical
conditions were incompatible with the existence of life. But this era.
so far as now known, is without recognizable records; for no rocks
have yet been shown to be earlier in date than those which are now
supposed to have been formed since life began. The Archean rocks
of North America are mostly crystalline or metamorphic rocks, and
their beds stand at all angles, owing to the uplifting and flexing
which they have undergone. Where the Silurian strata overlie them
the two are unconformable, the latter being often spread out in hori-
zontal beds over the upturned edges of the Archean rocks.

The areas of the Archean include those which have always remained
uncovered, those which have been covered by later strata but from
~which the superimposed beds have been removed by erosion, and those
like the last which in the course of mountain making have been pushed
upward among the displaced strata. The principal areas are the great
northern, to which belong the Lake Superior region and properly the
Adirondack area; the area along the Appalachian line, including the
Highlands of New York and New Jersey and the Blue Ridge of
Pennsylvania and Virginia; the Atlantic coast range, including areas
in Newfoundland, Nova Scotia, and eastern New England; isolated
areas of the Mississippi basin, in Missouri, Arkansas, Texas, and the
Black Hills; the Rocky Mountain series, embracing the Wind River,
Laramie, and other summit ranges, and the Pacific coast range of
Mexico. »

The Archean era is divided into two periods, the Laurentian and
the Huronian. The estimated thickness of the former is 30,000 feet,
and of the latter from 10,000 to 20,000 feet. The Laurentian rocks
are metamorphic or crystalline, with few exceptions, and include
granite, gneiss, mica schist, hornblende, and pyroxenic rocks, beds of
crystalline limestone, quartzite, conglomerate, and labradorite. The
Laurentian beds are altered sedimentary rocks of the ordinary char-
acter, as the schists grade into true slates, the quartzites into sand-
stones, and conglomerates-and gneisses into gneissoid granites. No
distinct remains of plants have been observed. Graphite is very
sbundant. Only the lowest -division of animal life, such as the
rhizopods and protozoans, occur. This is shown by the occurrence of
the fossil Eozoon canadense. The Huronian includes the series on
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the north shore of Lake Huron composed of slates, conglomerates,
quartzites, layers of jasper, and chert, with quartz and jasper con-
glomerates, limestones, and beds of diorite which graduate into syenite
or epidote, and also other areas which have been placed as the equiva-
lent of this series on lithological grounds. '

"~ Kixg,» in 1878, states that in the Archean outcrops of the fortieth
parallel one can not fail to notice the widespread simplicity of petro-
logical forms, the prevalence of granites, granitoid gneisses, and dio-
ritic metamorphic rocks, the paucity of argillites, quartzites, lime-
stones, and zirconiferous and staurolitic schists, the infrequence of
large bodies of magnetic, specular, or spathic iron, and the complete
absence of corundum, chrysolite, serpentine, steatite, pyroxene rocks,
the true nacreous schists, and other minor forms observed in the
Appalachian system. ‘

Without doubt, the most interesting facts which the comparison of
these exposures discloses are: When considered in depth, from the
uppermost limits of our so-called Huronian to the lowest Laurentian
exposure, there is, first, a regular, steady increase of the intensity of
metamorphism, and, second, a pretty regular increase in the thick-
ness of individual members of the series. The lowest Laurentian
aplitic granitoid bodies of the Laramie Hills are the heaviest beds
and the most changed from their original sedimentary condition.
The higher Huronian group of gneisses, quartzites, conglomerates,
dolomites, and argillites are at once the most thinly bedded and least
metamorphosed. Individual beds remain as specialized as the day
they were deposited. At the lower exposures of the whole Archean
formation well-defined crystals are of great rarity; even microscopic
apatite, the best presented species, is generally crushed and dislo-
cated ; micas are distorted, and all feldspars are more or less frag-
mentary. A marked contrast is observable at the upper extreme;
here many micas, hornblendes, garnets, and even feldspars are nearly,
if not quite, completed crystals. The exceptions to this are those
places, already described, where local compression has broken up the
original arrangement of the crystalline ingredients. '

Nearly every considerable mountain body between the Wasatch and
the California line shows in the lowest horizons exposures of one or
more bodies of granite. These are classified into four groups on
petrological grounds. The first type consists of quartz, orthoclase, an
unimportant amount of plagioclase, and muscovite, with a small
quantity of microscopic apatite. These are all west of Reese River,
longitude 117°. They are all associated with the Nevada type of
Archean crystalline schists, composed of quartz, biotite, muscovite,
and magnetite, or quartz, hornblende, and magnetite. As to the age
of the granites of this type there are practically no data available.
At one place it is intimately involved with the crystalline schists and
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is overlain unconformably by the Carboniferous. There is little
doubt that it is Archean, but its reference to that period is on general
lithological grounds. The second type is of the same composition as
the first, except that biotite is substituted for muscovite. It has a
range from the Ombe Mountains west of Salt Lake Desert to the
California line. The third type is like the second except that biotite
and hornblende are found together. This distribution is coextensive
with that of the second type. The fourth type is the most complex
in its petrological features of all the families of granite, and con-
sists of quartz, orthoclase, plagioclase, often equal in quantity to the
orthoclase and sometimes exceeding it, usually a high percentage of
biotite and hornblende, titanite, and a high proportion of micro-
scopic apatite. Between this class and the diorites that are unusually
rich in orthoclase there is but little difference, although there is little
danger of ever confounding the granitoid diorite with the dioritic
members of the fourth type. These granites are the most prominent
as regards geographical distribution of the truly eruptive varieties
~ observed in the Cordilleras. When the different types of granite
are seen in apposition, so as to give a clue to their relative ages, it is
found that they occur in the order given. In denominating these
groups of granite as eruptive it is only intended to indicate that in
their relations to the contiguous Archean schists they have the ap-
pearance of intrusive bodies, and that in their interior structure and
general mode of occurrence there are none of those evidences of
alliance to the crystalline schists which are observed in the grani-
toid gneisses of so many localities, especially in the Rocky Mountain
region. In so-called.eruptive granites there is parallelism neither
of general bedding nor of interior arrangement of the minerals, and
the most ordinary phenomenon of structure is the development of
conoidal shapes formed of concentric layers varying in thickness
from a few inches to 100 feet. This structure, so far as observed, is
strictly confined to the hornblende-bearing granites, and never makes
its appearance in those of the first and second types. Although
instances of each type of granitic rock are found unconformably
underlying the low members of the Paleozoic series, this is not the
case with each outcrop; many granitic masses are found unconform-
ably underlying Mesozoic or even Tertiary volcanic rocks. But there
is absolutely no evidence whatever in favor of the belief of granitic
extrusions later than the Archean age. Although Whitney has found
intrusions of granite in sedimentary strata other than the Archean
crystalline schists, any attempt to correlate age by petrological fea-
tures alone is dangerous, as may be shown by the fact that the Juras-
sic granite of California and the granite of the Cottonwood region
on the Wasatch, which is unmistakably Archean, are positively iden-
tical down to the minutest microscopical peculiarity.
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In the crystalline schists and gneisses are found identically the same
minerals which characterize the granites. In the schists the charac-
teristic feature is the parallel bedded arrangement. Granite possesses
the same minerals; the sole difference seems to be that granite is often
dernonstrably a plastic intrusion and possesses no parallel arrangement
of minerals. The geognostic position of the schists is exactly like that
of the other strata which were deposited horizontally and afterward
disturbed. On the other hand, granite in an immense majority of
cases is found exposed in the hearts of the mountain ranges. It is only
when we can observe granite in direct connection with the strata into
which it has intruded or out of which it has been made that the true
relations can be seen; and it is safe to say that wherever these inti-
mate relations are observable the granite occupies a region which has
been subjected to horizontal or circumferential pressure. The frequent
phenomena of the underdip of the strata flanking a granite mass, as
in the great granite body of the Sierra Nevada, are prominent in-
stances of the intimate relation spoken of. If in such cases an uncon-
formable overlying and unaltered series were to cover all but the
summits of the granite hills, the granite would appear simply as an
unconformable underlying body whose genetic relations are absolutely
unknown. In this category a vast number of granite exposures of the
Cordilleras have to be placed.

It is an invariable law, then, that where the genetic relations are
clearly perceived eruptive granite is always found in connection with
very great horizontal pressure and consequent disturbance. Suppose,
now, a deep-lying series of varied sedimentary beds, covered by a suffi-
cient superimposed mass to exert a pressure powerful enough to sink
them to the necessary thermal horizon for the induction of crystalliza-
tion in the material of the beds. As long as the attitude of these beds
~ was undisturbed by horizontal compression the result would be a
series of crystalline schists and gneisses. But the moment horizontal
or tangential pressure either overcame or disturbed the action of the
downward pressure, the horizontal arrangement of these crystallizing
materials would be broken up, and their resulting arrangement would
depend upon the interaction of the two forces.

SELWYN,' 1n 1879, proposes the following general stratigraphy for
the older rocks: I. Laurentian: To be confinéd to all those clearly
lower unconformable granitoid or syenitic gneisses in which we never
find interstratified bands of calcareous, argillaceous, arenaceous, and
conglomeratic rocks. II. Huronian: To include (1) the typical or
original Huronian of Lake Superior and the conformably-—or uncon-
formably, as the case may be—overlying upper copper-bearing rocks;
(2) the Hastings, Templeton, Buckingham, Grenville, and Rawdon-
crystalline limestone series; (3) the supposed Upper Laurentian or
Norian; (4) the altered Quebec group and certain areas not yet de-



6 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

fined between Lake Matapedia and Cape Maquereau, in Gaspe; (5)
the Cape Breton, Nova Scotia, and New Brunswick pre-Primordial
subcrystalline and gneissoid groups. III. Cambrian: In many of
the areas, especially the western ones, the base of this is well defined
by unconformity, but in the Eastern Townships and in some parts of
Nova Scotia it has yet to be determined. The limit between it and
Lower Silurian is debatable ground. One point is particularly in-
sisted on, that great local unconformities and lithological differences

may exist without indicating any important difference in age, espe- .

cially in regions of mixed volcanic and sedimentary strata, and that
the fact of crystalline rocks (greenstones, diorites, dolerites, felsites,
_ norites, etc.) appearing as stratified masses and passing into schistose
.rocks is no proof of their not being of eruptive or volcanic origin;
their present metamorphic or altered character is, as the name im-

plies, a secondary phase of their existence, and is unconnected with -

their origin or original formation at the surface, but is due partly to
original differences of composition and partly to the varying physical
accidents to which they have since their formation been subjected.
SELwYN,'? in 1881, states that the anorthosite rocks are in general
conformity with the crystalline limestones, but are occasionally inter-
fered with and disturbed by intrusions (%) of the more massive and

granitoid variety of labradorite. This is proof that the labradorite

or Norian rocks of Hunt do not constitute an unconformable Upper
Laurentian formation, but occur in part as unstratified intrusive
masses and in part as interstratifications with the orthoclase gneisses,
quartzites, and limestones of the Laurentian system, as developed in
the -Grenville region and mapped by Logan.

As to the granites which have been regarded as intrusive by Logan,
in both the crystalline and the fossiliferous rock, there is no doubt

that-they are of later origin than the Silurian rocks which surround .

them and which are everywhere, on approaching the granite, consid-
erably altered, chiastolite, andalusite, garnet, mica, and other minerals
appearing in the slates, which are also occasionally changed to quartz-
ose or feldspathic mica schists, and the associated fossiliferous lime-
stone to crystalline and micaceous dolomites, with the fossils still per-
fectly distinet. It has been customary and orthodox to regard these
granites as “ intrusive,” and they are so designated by Logan. . The
author holds that there is absolutely no proof of their being so, either
in the Eastern Townships, in Nova Scotia, or in Australia, and that
all the phenomena connected with them may be more readily ex-
plained and understood if we regard them as completely metamor-
phosed portions of the strata which now surround them; while the
‘mere displacement of strata involved in the intrusive theory appears,
in view of the enormous area now occupied by the granite, wholly
inexplicable, as does also the manner in which the surrounding strata
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often dip down against and onto the granite and show no signs of
naving been deflected or otherwise affected as regards strike and dip
by the supposed intrusions.

There is, however, often seen along the contact lines of the granite
and the slates a considerable breaking up and crushing of the latter,
and this has been held to indicate and be the result of the intrusion
of the granite. It appears to be mainly due to the unequzﬂ resistance
that the two rock masses have offered to the disturbing forces of up-
heaval, depression, and consequent pressure which have repeatedly
affected them long after the formation of the granite. The effect thus
produced is analogous to that which occurs where the forces producing
slaty cleavage encounter interstratified hard layers of sandstone, when
the elsewhere perfectly regular and parallel cleavage planes are im-
mediately crushed, crumpled, and deflected. e

In regions.where the granite or other hard crystalline rock is older
than the adjacent or alternating softer strata, perfectly similar contact
linés may be seen, but unaccompanied by any change in the mineralog-
ical character of the adjacent strata, such as occufs when the ciystal-
liné rock is the youngest; and therefore this phenomenon can not be
taken as conclusive evidence of the intrusive origin of granite or other
crystalline rock.

SeLwywn,'* in 1883, remarks that the Devonian granite-forming
epoch has had immense influence in the pre-Carboniferous rocks of
the region to the southeast of the great St. Lawrence, Champlain, and
Hudson River break. This is certainly deserving of more careful
consideration and study than it has yet received, and more especially
so in connection with the alteration and metamorphism it has pro-
duced in large areas of Paleozoic and perhaps pre-Paleozoic rocks.
When these altered Paleozoic strata come in contact, as they often do
in "eastern Canada and in New England, with the more ancient
Huronian and Laurentian gneiss, granite, mica schist, and other crys-
talline rocks, it is possible to distinguish them or to define their re-
spective limits only by the most careful and minute stratigraphical
work, such as the nature of the regions in New England and in the
. adjacent provinces of Canada, where these rocks are chiefly developed,
renders almost impossible~—at any rate, it has never yet been at-
tempted. Hence the maps hitherto published, representing the geo-
- logical structure of these regions, have necessarily been based almost
entirely, so far as the crystalline groups are concerned, on lithological
and mineralogical comparisons and considerations, producing petro-
logical rather than geological maps, and as a consequence, though im-
portant and valuable aids to future investigation, they afford a very
incorrect and imperfect idea of the true geological structure and the
sequence and distribution of the several formations. Unfortunately,
while careful, patient, and minute observation in the field has beer.



78 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

unavoidably limited and local, study in the laboratory and theoretical
deductions therefrom have been unlimited and widespread, but, as
might have been expected, have not only afforded no satisfactory solu-
tion of the intricacies of Appalachian geological structure, but have,
on the contrary, involved it in deeper mystery and complication. - It
is now evident that an entirely different system of procedure must be
adopted before there will be 2 any hope of definitely and satisfactorily
solving the problems which have been presenting themselves to suc-
cessive observers in this difficult field.

SeLwy~ and Dawsox,'* in 1884, state that recent investigation has,

greatly enlarged the area over which the Archean rocks are known
to extend, though it has not yet afforded any more satisfactory evi-
dence of the relations of the Huronian rocks to the Laurentian. In
all cases the supposed junction of the strata of the two systems
either shows them vertically side by side or the Huronian strata
apparently dipping under the Laurentian, while both present a very
constant northeasterly strike. Notwithstanding these facts, their
exceedingly differént mineralogical characters and general appear-
ance, broadly viewed, render it almost impossible to suppose that
the superposition, as indicated by these dips, is the true one or that
the Huronian is not newer than the Laurentian. If so, we must
admit that both systems are presented in a constant succession of
enormously thick overturned folds, with perhaps many dislocations
and slips on the lines of the anticlinal axes.

As regards the so-called Norian or Upper Laurentian formation,
the writers have no hesitation in asserting that it has, as such, no ex-
istence in Canada, its theoretical birthplace. Wherever these Norian
rocks have been observed either they are intimately and conformably
associated with the ordinary orthoclase or pyroxenic gneisses or
they occur. as intrusive masses, when they present no gneissic or
bedded structure. They clearly cut the surrounding gneiss, and are
probably due to volcanic or other igneous agency in the Laurentian
age. Such masses may not unreasonably be supposed to mark the
sites of the Laurentian volcanoes, while the bedded labradoritic
gneisses and other associated strata may with equal probability
represent the eruptive rocks—lava flows, etc.—which emanated from
them and were locally interbedded with the ordinary sediments of
the period, as rocks of similar origin and composition certainly were
in the Huronian and in all later geological ages, a fact which has
been singularly overlooked or ignored by most writers on American
geology.

At present we have in Canada no evidence which would warrant us
in making more than two great divisions in the Archean crystalline
rocks. In many parts, especially in the eastern provinces, it has been
found impossible to define even these clearly. Rocks of typical Lau-
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rentian character are there so intimately associated with others of
equally typical Huronian characters, and the two kinds are in such
constant alternation, that in mapping them they could not be sepa-
rated, and are therefore all classed as Archean or pre-Cambrian.

Warrney and Wapsworrs,'® in 1884, after a very wide but dis-
proportionate review of the literature: of the pre-Potsdam rocks,
conclude that it is impossible for any unprejudiced worker in this
department of science to peruse with care the pages given and not
be obliged to admit that the geology of a large portion of this coun-
try, and especially that of Canada and New England, is in an almost
hopeless state of confusion. The belief is justified that our chances
of having at some future time a clear understanding of the geological
structure of northeastern North America would be decidedly im-
proved if all that were written about it were at once struck out of
existence. While not desiring to conceal the fact that some of the
problems presented in the course of the study of the older rocks are
extremely difficult, it is clearly proved that want of knowledge, want
of experience, and a desire to produce sensational theories have
brought about this condition of confusion. _

In reference to Azoic rocks, there are several classes to which this
térm may be applied. First, it may be applied to strata once fossilif-
erous in which the evidences of life have disappeared. Second, rocks
may be azoic even if laid down when life was existing on the globe,
provided the local conditions were not favorable to its development at
the particular locality under consideration. Third, rocks must neces-
sarily be azoicc when formed or originating under conditions in-
compatible with the existence of life. Such was the original crust
of the earth and the volcanic eruptive rocks. Iourth, we may
have rocks formed under such conditions as were not inimical to life,
but yet azoic, because life had not begun to exist on the globe at the
time of their deposition. These, according to our view, would be
the rocks properly designated by the term Azoic, and the body of
rocks having this character might properly be called the Azoic sys-
tem. And we think that, in view of what has here been set forth, no
one will deny that it is important that, if there are such rocks, they
should have a special designation, and that the term Azoic would be
-6 proper one to apply to them.

This, however,.is exactly what was done by Foster and Whitney in
1850, when they gave the name Azoic system to a body of strata,
originally—in part, at least—of sedimentary origin, which did not
show by their character that life could not have existed at the time
of their deposition, but which proved, on examination, to be en-
tirely destitute of fossils, and which, moreover, were found every-
where to underlie unconformably other stratified formations which
were recognized as containing the lowest known forms of organic life.
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It is denied that £'ozoon, beds of limestone, the presence of graphite
in crystalline limestone, or any other discovered material in the pre-
Potsdam rocks is sufficient evidence for the presence of life. -

It is considered that we are fully justified in saying that the results
of geological investigation during the last thirty-five years have given
no encouragement to the idea that below the well-known Primordial
zone—the Potsdam sandstone of American geologists—there is an-
other series of fossiliferous rocks.

If the Azoic rocks are really azoic, as is believed, then it follows, as
a matter of course, that the series thus designated can be separated
into subsystems only on purely lithological grounds; if they are fos-
siliferous, as held by the Canada Survey, it is equally clear that any
subdivisions proposed for them should have a paleontological basis.
It is denied that Aspidella and Arenicolites spiralis are of organic
origin. :

If we examine the often repeated statement that the Huronian un-
conformably reposes on the worn edges of the Laurentian and con-
tains the débris of the latter, it will be found that in the seven cases
in which the rocks referred to these two formations were found in
contact in the Canadian district the Huronian, with but two excep-
tions, is said to be conformable with and to generally pass imper-
ceptibly into the Laurentian. In one of these two exceptions the
rocks show mutually intrusive relations, and in the other the Hu-
ronian abuts against and runs under the Laurentian.

In all cases in which pebbles and fragments of the Laurentian have
been found in the Huronian they were seen occurring’ high up in the
latter series, and not forming basement conglomerates. All the other
so-called proof of unconformity has been made out of the fact that
the strike of the foliation in the two formations, when not in con-
tact, has been found to be discordant—worthless evidence unless the
rocks observed in both formations be proved to be sedimentary and
the foliation be shown to be coincident with the stratification. Now,
if the Laurentian was an old metamorphosed sedimentary formation
which had been upheaved and contorted, and on whose worn edges
the Huronian was laid down, the evidence of the fact ought to be

overwhelming in amount after the country has been studied for so-

many years.

It is well known that any eruptive rock so soon as it comes in con- -

tact with erosive agencies will yield fragmental material, even before
it is cold, and that much eruptive matter is ejected in a fragmental
state, so that in a mixed series of eruptive and detrital rocks nothing
is more common than to have the débris of one inclosed in another,
without that inclosure proving that the rocks differ in geological age.
This is well known to be the case with the copper-bearing rocks of
Keweenaw Point, and it has been shown that the iron ores of the
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Marquette district, which form a constituent part of the so-called
Huronian, are overlain by a conglomerate containing the débris of
the former; yet both are by every geologist placed in the same series.

The basis of fact which forms the main support of the twofold divi-
sion of the Archean—including under that designation all rocks lying
below the lowest fossiliferous series—is this: The axial or eruptive
portions of disturbed and mountain regions are largely granitic and
gneissoid in character. These granitic, granitoid, and gneissic masses
are brought to light in the cores of great mountain chains, where long-
continued uplift of the original crust of the earth has, through a suc-
cession of geological ages, been furnishing the material from which
the sedimentary formations were built up. That the gneissic or
gneissoid rocks are closely allied to the distinctly granitic and not
necessarily metamorphosed stratified deposits is clear, as the result
of long-continued investigations in regions where rocks of this kind
occur. Not that all gneisses are of this character; but those are ordi-
narily so which with granite make up the axial masses of disturbed
regions. That the parallel structure of the materials forming gneiss
1s not necessarily the result of sedimentation seems clearly to result
frorn that which has been done in both experimental and field geology
within the last few years. It can not be denied that a foliated ar-
rangement or a parallel disposition of the mineral elements of various
sedimentary rocks can be, and often has been, induced in them after
their deposition, and that this parallel arrangement is not by any
means necessarily coincident with the planes of stratification. This
fact alone is absolutely conclusive in favor of the idea that parallel
arrangement of the mineral constituents of a rock—in other words, a
gneissic structure, in rocks of the granite family—is not proof of
sedimentation.

Overlying the granitic and gneissic axial rocks we are likely to
find, and in many cases do find, the stratified masses which were
formed from the preexisting crust themselves usually highly meta-
morphosed, because formed at a period of great chemical and mechan-
ical activity. With these stratified and highly altered masses are
associated eruptive materials—both interbedded and injected in dike

fornm—these also often greatly metamorphosed, and to such an extent
" that their original character'is only with difficulty, and with the aid
of the microscope, to be recognized. This protrusion or forcing out
of eruptive materials seems to have followed the preceding uplift of
the original crust, if not as a necessity at least as something extremely
likely to occur, as is shown by the fact that in so many great mountain
chains we find volcanic activity more and more predominating with
the progress of geological time. Since these eruptive materials come
from a gradually increasing depth below the surface of the original
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crust they are more basic than this, and, since as a rule they contain

"more iron than that crust, are darker colored than the masses by

which they are directly underlain. Hence the detrital beds formed
from the débris of these more basic materials are themselves of a dark
color, and as a result of their metamorphism we have the various
slates, argillaceous, talcose, and chloritic, which so commonly rest
upon the granitic,and gneissoid rocks that form the core or axis of
the disturbed region. With these slaty rocks are also associated lime-
stone masses, which, so far as our observations go, are not ordinarily
interstratified with the slates, but are of the nature of segregated
deposits, having been formed posterior to the formation of the sedi-
mentary beds with which they are associated; while the metamor-
phosing agencies were at work making over the beds into the crystal-
line form in which we now see them. :

In the division of the rocks into- Laurentian, Huronian, Norian,
Montalban, Taconian, and Arvonian only lithological principles are
now used, and every fact pertaining to the origin and relations of these
rocks is ignored; and since, while it is assumed that all these rocks
are sedimentary, they are found to occur in dikes and other eruptive
forms, it becomes necessary to hold that all eruptive (including vol-
canic) rocks were the products of a metamorphic (aqueo-igneéous)
action. Hence it is claimed that all these rocks had been deeply
buried and then denuded, and most extravagant views have become
current regarding denudation. ‘

It thus came about that the coarser grained granitoid and gneissic
rocks were set apart as Laurentian ; the gabbros and some of the more
coarsely crystalline diabases and diorites were erected into the No-
rian; the felsites and quartz porphyries were placed as the Arvonian;
the finer grained diorites, diabases, melaphyres, and chlorite schists
were formed into the Huronian ; the more friable granitic and gneissic
rocks, with the mica schists, were classed as Montalban; and the
quartzites, limestones, and argillites were united into the Taconian.
Of course, in each case the metamorphic fragmental forms of each
rock were placed with the rocks they resembled, while the other forms
of crystalline rocks were distributed through the groups. .

Apanms,*® in 1887, gives a general consideration of the Upper Lau-

rentian or Norian, which has been separated from the Lower Lauren- -

tian by the predominance of plagioclase feldspar. These rocks occur
in detached areas in the Laurentian districts and are similar to the
gabbro and gabbro-diorites of Scandinavia. At least nine areas are
known to exist in Canada, and one in New York. Besides pyroxene
and plagioclase, many other minerals are found.

The rocks show much variation in structure. They are rarely quite
massive, frequently well foliated, but usually consist of a rather
coarsely crystalline groundmass through which are scattered irregular
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strings and masses composed of iron ore, bisilicates, and mica, as well
as larger porphyritic crystals of plagioclase. Even when tolerably
constant in composition there is generally a great variation in size of
grain, coarse and fine layers alternating in rude bands or rounded
masses. In the case of some of the areas there can be but little doubt
that the anorthosite is eruptive; in others, however, it seems to be
interstratified with the Laurentian gneiss, and in one of them to
merge imperceptibly into it. The original relations of the rocks are,
of course, much obscured by the effects of subsequent heat and pres-
sure. The evidence at present, however, seems to indicate that the
anorthosites are the result of some kind of extravasation which in
early times corresponded to what in modern times we call volcanic
eruption.

Dawson (Sir Wirriam),'" in 1888, describes the Eozoic rocks of the
Atlantic coast and compares them with those of western Europe and
the interior of America.

The Laurentian system consists in all parts of the world largely
of orthoclase gneiss associated with crystalline schists, and locally
quartzites and limestone.

No one who has studied the typical districts of Ottawm River can -
doubt for a moment that they are regularly bedded deposits, and that
in the Middle Laurentian those conditions which in later periods have
produced beds of limestone, sandstone, iron ore, and even of coal, were
already in operation on a gigantic scale. At the same time it may be
admitted that some areas of the lower gneiss may be cooled pqrtions
of an original igneous mass, and that many of the schistose rocks may
be really bedded igneous materials.

Laurentian rocks compose the nucleus of the island of Newfound-
land and occur in Cape Breton and in southern New Brunswick. -

In the typical area of Lake Huron, as originally described by
Logan and Murray, the Huronian rests unconformably on the Lower -
and Middle Laurentian, and presents a great contrast in point of
mineral character to these formations. It is comparatively little dis-
turbed, and is clastic rather than crystalline in character. This point
has been well insisted upon by Bonney and by Irving in recent papers.
Further, its conglomerates contain pebbles of Laurentian rock in the
same crystalline state in which these rocks are found at present. It
consists chiefly of quartzites, conglomerates of different kinds, lime-
stone, and slates, sometimes chloritic, with interbedded diorite.

In Newfoundland the older slate series of Jukes is lithologically
very like the Huronian, and this likeness is increased by the fact that
red sandstones and conglomerates like the Xeweenian of the West
overlie these lower slates.

On the coast of southern New Brunswick are the Coldbrook and
Coastal series, essentially like those of Newfoundland. The Coastal
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group may perhaps be of later age than the Huronian proper,

although pre-Cambrian.

As in Newfoundland, the typical Huronian of New Brunswick is
overlain by conglomerates, sandstones, and shales. The Huronian
rocks of Huron, Newfoundland, and New Brunswick are also com-
pared with the Pebidian of Wales. The Huronian marks a period of
igneous disturbance and coarse mechanlcal deposition succeeding to
the Laurentian foldings.

IrvinG,'s in 1888, after a detailed consideration of the principles
applicable to the classiﬁcation of the early Cambrian and pre-Cam-
brian formations, reaches the following general conclusions as to the
use of lithological characters and structural breaks in correlation.

Lithological characters are properly used in classification:

(1) To place adjacent formations in different groups, on account
of their lithological dissimilarities, when such dissimilarities are
plainly the result of great alteration in the lower one of the two
formations and are not contradicted by structural evidence, or if used
as confirmatory evidence only, when such dissimilarities are the result
of original depositional conditions. :

(2) To collect in a single group adjacent formations because of
hthologlca,l similarities when such similarities are used as confirma-
tory evidence only.

(3) To correlate groups and formations of different parts of a
single geological basin when such correlations are checked by stratig-
raphy, and partlcularly by observations made at numerous pomts
between the successions correlated.

They are improperly used:

(1) To place adjacent formations in different groups, on account
of lithological dissimilarities, when such dissimilarities are merely
the result of differences in original depositional conditions, and when
such evidence of distinction is not confirmed by or is contradicted by
structural and paleontological evidence.

(2) To collect-in a single group adjacent formations because of
lithological similarities when such similarities are not confirmed by
or are contradicted by other evidence.

(3) To establish general correlations between the clastic groups of:

different geological basins, except possibly when the gneissic and
true crystalline schist basement formation of one region is compared
. with the similar basement formation of another.

(4) To establish and determine any world-wide subdivisions of the
noneruptive basement crystallines—that is, those which underlie the
clastic groups here called Huronian—at least until very much more
definite evidence of the existence of such subdivisions be gathered
than has hitherto been done.

e
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The structural breaks called unconformities are properly used in
classification—

(1) To mark the boundaries of the rock groups of a given region.

(2) To aid in establishing correlations between the formations of
different parts of a single geological basin. '

(8) To aid in the establishment of correlations between the groups
of regions distantly removed from one another; but caution is needed
n attempting such correlations in proportion as the distances between
the regions compared grow greater.

They are improperly ignored—

(1) When the evidence they offer as to separateness is allowed to
be overborne by anything but the most complete and weighty of
paleontological evidence.

As here used the terms system, group, and formation are the three
orders of magnitude in stratigraphical subdivisions. Cenozoic, Mes-
ozoic, and Paleozoic are systems; Carboniferous, Devonian, etc.,
groups; and the subordinate members of these groups are formations.

Applying these principles, it is concluded that such series as the
Keweenawan and Huronian are entitled to the rank of groups (1) be-
cause, notwithstanding the fact that they include a considerable con-
tent of volcanic crystallines, they are in the main made up of genuine
sedimentary strata, whose formation by the same processes which .
Lave been at work in the accumulation of later sedimentaries is easily
demonstrable; (2) because they have accumulated during the exist-
ence of life on the globe, as hereafter maintained; (3) because of
their great volumes, which not only are comparable with but very
considerably exceed those of the ordinary rock groups; (4) because
they are divisible into subordinate members which are in turn fully
entitled to the rank of formations; (5) because of their entire struc-
tural separateness from the oldest of the groups above them, from
each other, and from the crystalline basement rocks below them; and,
finally, (6) because of their presumptively wide extent. .

Conditions similar to those of the Lake Superior region recur in
the Grand Canyon of the Colorado and probably also in central
Texas. In Newfoundland, again, we find unconformably beneath the
Cambrian, here developed to an enormous thickness, two mutually
dliscordant series, the upper one of which is entitled on the principles
advocated in this paper to full recognition as a clastic group, while
the lower one is crystalline and gneissic. In numerous other regions
similar conditions have been more or less distinctly made out; but the
geological column, as it is now ordinarily presented, provides be-
neath the Cambrian for one great division only—the Archean. By
some authors this Archean is recognized as divisible into Huronian
and Laurentian; but very few writers, even when they have recog-
nized the independent existence of pre-Cambrian and post-Laurentian
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groups, seem to have accorded to such groups the taxonomical rank to
which they are entitled. Certainly there has been no general recogni-
tion of these groups, such as would lead to the provision for them of
a proper place in the general geological column.

If it is agreed that all clastic formations which unconformably
underlie the Cambrian are to be thrown out of the Cambrian group,
it is necessary to inquire whether the new groups are to be regarded as
Paleozoic. All may be regarded as Archean ; Paleozoic may be carried

‘down to the break between the Keweenawan series and the Huronian ;'

Archean may be restricted to the gneissic basic series; and, finally,
some entirely new term of equal rank with Paleozoic and Archean
may be introduced to cover the formations between the gneissic series
and the Cambrian. The apparent relative extent of the time intervals
between these several groups-and the indications presented by them

of the existence of life during their deposition lead to the conclusion:

that there should be introduced a system term equivalent to Paleozoic
and Archean. In favor of restricting Archean to the gneissic base-
ment terrane are the facts that this is essentially a crystalline schist
‘'series, having rarely any traces of fragmental constitution, because
it shows an amount of disturbance prior to the deposition of the
Huronian which entirely outweighs that received by the Huronian,
while the amount of denudation of the pre-Huronian land surface, as
compared with that which followed the Huronian, was immensely
greater; and because many believe that the exact conditions which
gave rise to the pre-Huronian basement formation have never been
repeated in later-geological times. R

There is no satisfactory evidence of the existence of life previous to
the deposition of the Huronian. That it existed plentifully in the
Huronian is indicated by the high development of life at the begin-
ning of the Cambrian and its consequent necessary existence for great
periods prior to that time, by the occasional discovery of obscure
fossil remains, by the abundant occurrence of shales and slates filled
with organic matter, and by extended ferruginous strata whose orig-
inal accumulation in the form of carbonate was certainly dependent
upen the existence of organic matter. That the carbon of the shales
is of organic origin is shown by residual traces of hydrocarbons and
by the fact that the carbonaceous substance in character and occur-
rence is entirely similar to that contained in the carbonaceous shales

of later formations. If the term Paleozoic is to be used to cover all.

formations accumulated after the beginning of life, it should extend

downward over the groups in question; but such is not its ordinary.

use, and to extend it downward over the Keweenawan and Huronian
strata and the intervals indicated by the unconformities between the
groups already discovered, and over such groups as shall be dis-
covered in the vast area of the earth’s surface not yet geologically
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known, does not seem warranted. It is therefore desirable that a
new term shall be introduced cf equal classificatory value, indicating
that the great pre-Cambrian and post-Archean series are zoic in char-
acter and are in volume equal to or greater than the Paleozoic. TFor
this place is suggested the term Agnotozoic, but some of our col-
leagues prefer the more noncommittal term Eparchean, signifying
simply the position of these formations upon the Archean.

The following table shows alternative classifications suggested by
the above:

System. : . Group. ‘ System.

Devonian...........ooooiiiiiiiiiiiiiina.
Silurian. ...
Cambrian. .........o..ocoieiaot
{Keweennwan .......................

Carboniferous. .. ... i
Paleozoic..................... T

Paleozoic.

Huronian.................... .. e
(Other groups?).......ooooieeeiiiiiinns. .
Archean. ..... e -..| Laurentian (including Upper Laurentian)............... ‘ Archean.

Agnotozoic or Eparchean....

Hux~t,' in 1888, summarizes the results of his work on the arrange-
ment, subdivision, and nomeénclature of the pre-Cambrian terranes as
follows:

(1) Laurentian. Under this name, proposed and adopted by the
author in 1854, is comprised the old gneissic terrane found especially
in the Laurentide and Adirondack mountains, as well as in the great
Atlantic chain and in the Rocky Mountains of the center of North
America. To this same series the author has also annexed the similar
gneisses of Great Britain and Scandinavia, as well as the old or cen-
tral gneiss of the Alps. From the time of our first studies in Canada,
" in 1847, we had pointed out the existence, in this gneissic terrane, of
awo subdivisions, one lower, of granitoid gneiss which blends with
the fundamental granite, to which succeeds with unconformable strati-
fication a series of gneisses, also granitoid, frequently amphibolic,
interspersed with quartzites. and crystalline limestones, with serpen-
tine. These two subdivisions, which we may provisionally name
Lower and Upper Laurentian, have been called respectively the
Ottawa gneiss and the Grenville series. In order to avoid all error
it is necessary to note that the title Upper Laurentian was for some
time given by Logan to the terrane designated afterward Labra-
dorian and Norian. It is therefore through misunderstanding that
some have wished to retain as a designation of the upper division of
the Laurentian terrane the term Middle Laurentian.

(2) Norian. The terrane thus designated by the author in 1870 is
in large part composed of those stratified rocks that have an anorthic
feldspar base to which the name norite has been given. This terrane,
however, includes intercalated beds of gneiss, quartzite, and crystal-

N
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line limestone, all being rather similar to those of the Upper Lauren-
tian terrane. These norites, which have sometimes been ‘designated
by the name gabbro, must not be confounded with the very distinct
gabbros of ‘the Huronian terrane, nor with certain plutonic rocks to
which they bear mineralogical resemblances. The facies of the no-
rites serves to distinguish them.

- (8) Arvonian. This terrane is composed in large part of petro-
siliceous rocks which pass into the state of quartziferous porphyry,
with which, however, certain amphibolic rocks are intercalated, as
well as sericitic schists, quartzites, oxides of iron, and more rarely
crystalline limestone. This terrane, indicated for the first time by
Hicks, in 1878, in Wales, is regarded by Charles Hitchcock as form-
ing in North America the lower part of the Huronian terrane.:

(4) Huronian. This name was given by the author in 1855 to a ter- .
rane already recognized in North America, where it rests unconform-
ably either on Laurentian gneisses or on Arvonian hornstones. It
comprises, besides quartzose, epidotic, chloritie, and calcareous schists,
masses of serpentine and lherzolite, as well as euphotides, which repre-
sent in this terrane the norites of the Norian terrane, with which they
are sometimes confounded under the common name of gabbro.

This terrane predominates in the Alps, where it forms the series of
green stones (pietre verdi).

(5) Montalban. The studies of von Hauer, published in 1868, on
the eastern Alps, and those of Gerlach on the western Alps, published
the year following, agree in recognizing in these regions two gneissic
terranes, that is to say, an old or central gneiss and a young or recent
gneiss; the latter, which is very distinct from the old gneiss from a
petrographic point of view, being accompanied by micaceous and am-
phibolic schists. The studies of Gastaldi, published in 1871, and
those of Neri, published in 1874, while confirming Hauer and Ger-
lach’s results, have furnished more details on these terranes and their
lithological characters. It is proper to remark here that all these ob-
servers seem to be agreed in placing the horizon of the greenstones
(Huronian) between the old gneiss (Laurentian) and the young
gneiss. '

Before he had knowledge of the first observations of these scientists,
the author, in accordance with his own studies in North America, was
led to identical conclusions, and in 1870 he announced the existence of
a series of young gneisses quite distinct from the old gneisses and
accompanied by crystalline limestones and by micaceous and amphi-
bolic schists. To this terrane, in view of its great development in the
White Mountains of New Hampshire, he gave in 1871 the name
Montalban. This series, for the rest, appears identical with the
young gneiss of the Alps, with gneisses and mica schists called Her-
cynian in Bavaria, with the granulites with dichroite rocks, mica
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schists, and lherzolite of the Erzgebirge in Saxony, and with similar
rocks in the mountains of Scotland. This Montalban terrane in
North America includes not only crystalline limestones but beds of
lherzolite and serpentine, quite like the Huronian and the Laurentian.
Tt is also in this series that are found most of the “ filonian ” or endog-
enous masses of pegmatite often inclosing emerald, tourmaline, and
tin, uranium, tantalum, and niobium ores.

Gastaldi, in a memoir published in 1874, declares that the green-
stones, properly so called, lie between the old porphyroid and funda-
mental gneiss and the recent more finely grained gneiss, more quartz-
ose than the other, which he also designates gneissic mica schist or
very micaceous gneiss passing into mica schist and often amphibolitic,
the two gneissic series being, according to him, easy to distinguish.
To these two divisions above the old gneiss Gastaldi added a third
division still more recent. This division contains considerable thick-
nesses of beds designated by him argillaceous schists, or, rather,
lustrous, talcose, micaceous, and sericitic (silklike) schists. Associ-
ated with these schists are found quartzites, statuary and Cipolino
marbles, with dolomite, karstenite, and sometimes amphibolic rocks
and surpentines, the presence of which in this division, and even in
the recent gneisses, as well as in the greenstones, properly so called,

seemed to him to justify the name “ zone of greenstones,” often given

by Gastaldi to the whole of this triple group of crystalline schists
which he recognized as being less old than the central gneiss.

(6). Taconian. - This third division, to which Gastaldi gave no dis-
tinctive-name, has, as is known, a very interesting history in Italian
geology. A terrane having at the same time the same horizon and the
same mineralogical characters is found greatly developed in North
America, where it comprises quartzites (often schistose and sometimes
flexible and elastic) and crystalline limestones, yielding statuary and
Cipolino marbles. There are also found there deposits of magnetitic
and of hematitic iron, as well as important beds of limonite, the latter
being epigenic either from pyrites or from carbonate of iron, two
species which by themselves form considerable masses. This terrane
furthermore contains roofing slates, as well as lustrous and unctuous
schists, ordinarily with damourite, sericite, or pyrophyllite, but inclos-
ing sometimes chlorite, steatite, and amphibolic rocks with serpentine
and ophicalcite. There are also among these schists, which are found
at diverse horizons in this terrane, beds visibly feldspathic, with
others of ill-defined nature, which are transformed into kaolin by
aerial decomposition. These same schists also yield remarkable crys-

tals of rutile as well as tourmaline, disthene, staurolite, garnet, and

pyroxene. This terrane, which appears to be diamond bearing, was
described in 1859 by Lieber under the name Itacolumitic group.
Eaton, as far back as 1832, had placed the quartzites and limestones
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forming the lower members of the group in the Primitive terrane,
while the argillites, found toward the summit of the same group, were
regarded as constituting the lower division of the Transition terrane,
covered, according to him, unconformably by the fossiliferous gray-
wacke (first graywacke) which formed the upper division of the same
Transition terrane. Emmons, on his part, in 1842, comprised in what
he called the Taconic system all this erystalline series, as well as the
graywacke ; but in 1844 he separated the latter, in which he had recog-

nized the existence of a trilobitic fauna, giving it the name Upper

Taconic. Long studies have convinced the senior author that this
upper division is entirely independent of the Lower Taconic, with
which this fossiliferous graywacke is in contact” only in relatively
restricted regions, while in other localities it rests directly on older
crystalline terranes. Seeing, moreover, that the Lower Taconic is
found alone in a great number of localities from the Gulf of St. Law-
rence to Alabama on the south and to Lake Superior on the west, and
recognizing also the fact that the Upper Taconic really forms part of
the Cambrian terrane (as was recognized by Emmons in 1860), the
author proposed as far back as 1878 to restrict the employment of the
term Taconic to this crystalline and infra-Cambrian series which
forms the Lower Taconic of Emmons and the Itacolumitic group of
- Lieber, and to give it the name Taconian terrane.

" The mineralogical resemblances existing among the various crystal-
line terranes mentioned above are easy to recognize. The type of
rocks with orthose base that appears in the fundamental granite and
the Laurentian gneisses is also found in the quartziferous porphyries
of the Arvonian and the gneiss of the Montalban, and less distinctly
in the feldspathic rocks of the Taconian. The nonmagnesian micas,
rare in the fundamental granite and the Laurentian gneisses, are
found abundantly represented in the gneisses and mica schists of
the Montalban, as well as in the lustrous schists found in the IHu-
ronian and Taconian terranes, and even predominate in the latter.
It is still to be remarked that the simple silicates of alumina, such as
andalusite, disthene, fibrolite, and pyrophyllite, which seem foreign
to the oldest terranes, abound in the Montalban and also appear in
the Taconian. At the same time the crystalline limestones, the oxides
of iron, and the calcareous and magnesian silicates are found repre-
sented in each terrane beginning from the fundamental granite The
chemical and mineralogical dlﬁerences between these various terranes
are greater than the resemblances; which has not prevented certain
observers from confounding the recent gneiss with the old gneiss.
In fact, the resemblances between the Huronian and Taconian ter-
ranes have led the late Professor Kerr, in North Carolina, to refer
the latter terrane to the Huronian. In the vicinity of Lakes Su-

perior and Huron, too, where the Laurentian, Norian, Arvonian,
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Montalban, and Taconian terranes are all found, the outcrops of the
Taconian have been confounded with those of the Huronian terrane
by Murray and other observers. In 1873, however, the author, dis-
tinguishing between the two, gave to the Taconian terrane in this
region the provisional name Animikie series. Not until later did he
recognize the fact that this series, which in certain localities rests un-
conformably on the Huronian terrane, is the Taconian. Emmons, on
the contrary, who knew the existence in this region of what he called
-the Lower Taconic, thought that the terrane to which in 1855 the
author had given the name Huronian was identical with this same
Lower Taconic or Taconian. The differences between the two ter-
ranes in the basin of Lake Superior, indicated first by Logan and
afterward by the author, appear very clearly from the recent studies
of Rominger. On the various crystalline terranes, including the
Taconian, there rests in this region unconformably an enormous series
of sandstones and conglomerates, with contemporary plutonic rocks,
the whole being remarkable for its content of metallic copper. This
series, which had been alternately confounded with the Huronian and
Taconian terranes on the one hand and with the trilobitic sandstones
of the Cambrian on the other, was for the first time separated by the
author in 1873 under the name Keweenaw group, a term which he in
1876 converted into Keweenian terrane. = It still remains to be deter-
mined whether this series, on which these same trilobitic sandstones
rest unconformably, should form part of the Cambrian terrane or
whether it should form a distinct terrane between the Taconian and
the Cambrian.

Dawson,? in 1889, presents a brief note on Cryptozoon and Arch-
. eozoon found in the pre-Cambrian. A general discussion is given of
the biological affinities of the Cryptozoon and Archeozoon, and de-
criptions are quoted of younger forms which may be the successors of
the pre-Cambrian forms.

BeLL,* in 1889, characterizes the Huronian as the great metallifer-
ous series of Canada. While rocks of igneous origin constitute a
marked feature in the Huronian system, a large proportion of it is
made up of rocks of an undoubted sedimentary character. On the
other hand, it is questionable if the great bulk of the Laurentian rocks
can be proved to have been deposited from water. It is supposed by
many that the foliation of much' of the gneiss may have béen pro-
duced by pressure and some kind of flowing movement in an igneous
mass. Whatever view we may take of the origin of the common
Laurentian gneiss, which forms the surface of the country over so
vast an extent of the Canadian half of North America, the commence-
ment of the Huronian period marks a great change which then came
over the earth—a change characterized by widespread volcanic out-
bursts and by evidence of the existence of water (perhaps the first)

..
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on_the surface of the globe, and of certain progress in the building
up of the aqueous deposits which has been going on ever since.:
BeL,?2 in 1890, gives a general account of the Archean. The Azoic
or Archean period is divided into the Laurentian and Huronian sys-
- tems, into which the primitive rocks of all countries may be classi-
fied, and which everywhere are essentially the same and retain the
same relative positions. In some instances newer rocks have been so
altered locally or over considerable tracts as to resemble the Azoic,
but there is generally found some means of distinguishing between
them. In Canada and the United States the Laurentian and Hu-
ronian are usually intimately associated, but their lithological feat-
ures and internal characters are sufficiently distinct to separate them.
The Huronian rocks are less contorted or corrugated on the small
scale than the Laurentian, but on the large scale they partake of the
same foldings which have affected the latter. The Huronian rocks
seem to be interwoven with the Laurentian as basins or troughs more
or less elongated, and as tracts of angular and other forms filling
spaces between great nuclei or rounded areas of Laurentian rocks.
The Laurentian system is divided into two formations, the lower
of which is sometimes called the Primitive Gneiss series. It consists
essentially of obscurely foliated or stratiform granitic or syenitic
gneiss. The prevailing colors of the Lower Laurentian gneiss are
grayish and reddish. In some districts the Laurentian rocks are
cut by dikes of greenstone or trap. In the Upper Laurentian are’
placed both the anorthosite rocks and the limestone-bearing series of
eastern Ontario. The anorthosites, which are considered by some as
eruptives and by others as bedded rocks interlaminated with the lime-
stones, may be in part of both origins. Anorthosites, after spreading
out upon the surface of the earth or the bottom of the sea, may have
become incorporated in a conformable manner with the contem-
poraneous deposits, while others may have flowed over preexisting
rocks which were not disturbed. Between the Upper and Lower
Laurentian there may be a general want of conformity. The Upper
Laurentian contains metallic ores and very numerous minerals, which
are not found in the Lower Laurentian. The gneisses of the Upper
and Lower Laurentian often have a close resemblance. As the
evidence is so strongly in favor of the aqueous origin of a part of
the Upper Laurentian at least, this lends support to the view that
even the primitive gneisses may have been formed by the action of
water during some early condition of the earth, of which we can form
but little conception, judging by the later stages of its history.
Eozoon is regarded as a myth, and the limestones, iron ores, graphite,
and apatite are not considered as evidence of the existence of animals
or plants in Laurentian times. The limestones may be chemical sedi-
ments; the graphite and apatite occur principally as vein matter;
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the iron ores occur in greater masses than in deposits of organic
origin, and their mode of occurrence is opposed to any theory of this
kind. The Upper Laurentian rocks seem to be much more limited in
geographical extent than the Lower Laurentian.

The Huronian system in Canada has a great thickness and variety
of strata, for the most part crystalline, but in less degree than the
Laurentian, together with many unstratified igneous masses. Like
the-Laurentian it.is azoic, or devoid of any trace of organic life, so
that.the distinction between the two systems is based entirely on lith-
ological grounds. The difference in this respect is great, and is
easily recognized by those who have paid any attention to geology.
The prevailing dark-green and dark-gray colors of the Huronian
offer a marked contrast to the lighter grays and reddish grays of the
Laurentian. The latter are massive and coarsely crystalline, while
the former are usually fine grained and schistose or fissile, this cleav-
age structure constituting a striking difference from the solid Lauren-
tian. There are some exceptions to this rule, such as the light-
colored quartzites and the granites and syenites of the Huronian, to
be noticed further on. The change in passing from.one to the other
is often sudden and complete, but sometimes beds of passage are
met with. The Huronian is the great metalliferous system of Can-
ada. Although the Huronian strata have generally been thrown into
sharp folds, or stand at high angles, they are, as a rule, less bent
about or contorted than the Laurentian. The total volume of the
system is very great, probably not far from 40,000 or 50,000 feet, or
perhaps éven more.

In Canada, as far as our investigations have gone, the two systems
appear to be everywhere conformable to each other, but in rocks
of so ancient date which have undergone so profound structural
changes, owing to pressure, etc., affecting alike the stratified and
unstratified portions, this appearance may not everywhere indicate a
truly conformable sequence. Both sets of rocks having been thrown
by lateral pressure into sharp folds, standing at high angles to the
horizon, the Huronian often appears to dip under the older Lauren-
tian, but this is merely the effect of overturning, and does not show
that a part of the Laurentian is newer than the locally underlying Hu-
ronian. Notwithstanding the geographical relations of the two sets
of rocks, their general difference in character and composition would
indicate that some great change in terrestrial conditions had occurred
when the formation of the one system ended and that of the other
began. In the Laurentian an “acid ” or siliceous composition pre-
vails, whereas the Huronian rocks as a whole are more basic, chem-
ically speaking. The latter can be shown to be very largely of vol-
canic origin, although this may not always be obvious at first sight.
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The term Huronian is made to include all the rocks lying between
the Laurentian below it and the Cambrian or earliest fossiliferous
rocks above. Among the areas placed with the Huronian are the
Keewatin and similar rocks. In the Huronian are numerous areas
of northern Canada, and perhaps certain of the rocks of Hastings and
Lanark counties, some of the crystalline rocks of the Eastern Town-
ships and the provinces of New Brunswick, Nova Scotia, Cape
Breton, and Newfoundland. In the Cambrian system are placed in
ascending order the Animikie, Nipigon, and Potsdam formations.
Between the Huronian and the Cambrian is a great unconformity

Between the Animikie and the Nipigon and between the Ni 1p1fron and

‘the Potsdam are prob‘mble unconformities.

Warcorr,* in 1890, glves a full account of the Lower Cambrian or
Olenellus zone.

The base of the Olenellus zone is considered to be where the genus
Olenellus, or the fauna usually accompanying it, first appears; be-
neath that horizon the strata are referred to some of the pre-Cam-
brian groups of rocks. In some cases the underlying rocks are in
layers, conformably beneath the Cambrian, and no physical separa-
tion of the two groups is possible. In other instances the subjacent
rocks are the remains of the old Archean continent, near the shores of
which much of the life of this portion of the Cambrian period existed.

The line of demarcation between the Cambrian and the pre-Cam-
brian may be considered (1) at the base of the Olenellus zone, in con-
tinuous sections; (2) at the line of an unconformable contact between
any member of the Cambrian group and the subjacent Algonkian or
Archean; (3) at the line of unconformable contact which is the base
of the Olenellus zone.

Placed in the Algonkian under this definition are 11,000 feet of
quartzites conformably below the Olenellus in the Wasatch; 10,000
feet of argillites, sandstones, quartzites, and conglomerates conform-
ably beneath the Olenellus in British Columbia; 12,000 feet of sand-
stones, shales, and limestones unconformably beneath the lowest
known Cambrian in the Grand Canyon of Colorado; a similar series
of rocks unconformably beneath the Cambrian in Llano County,
Tex.; a series unconformably below the Upper Cambrian in the
Adirondacks; and the rocks of St. Marys and Placentia Bay, New-
foundland, which are unconformably below Lower Cambrian strata.
In the Grand Canyon, in a bed of dark argillaceous shale 3,550 feet
from the summit of theé section, was found a small patelloid or dis-
cinoid shell and a fragment of what appears to be the pleural lobe of
a segment of a trilobite, also an obscure, small Hyolithes in a layer
of bituminous limestone. In layers of limestone lower in the section
an obscure stromatoporoid form occurs in abundance. These fossils
indicate a fauna, but do not tell what it is. '

B e o
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The Olenellus fauna includes Spongiw, Hydrozoa, Actinozoa, Echi-
nodermata, Annelida, Brachiopoda, Lamellibranchiata, Gasteropoda,
Pteropoda, Crustacea, and Trilobita. The abundance of the Olenellus
fauna shows that the life in the pre-Olenellus seas was large and
varied. The few traces of it known prove little of its character, but
they show that life existed in a period far preceding Lower Cam-
brian time, and they foster the hope that abundant remains will yet
be discovered.

Daxa,? in 1892, gives the following as the philosophical divisions
of pre-Cambrian times, although the early physical and biological
conditions of the globe are not within the range of observation:

I. The Astral eon, as it has been called, or that of hqmchty
II. The Azoic eon, or that without life.

1. The 11th1c era, commencing with completed consohdatlon ;
the time when lateral pressure for crust disturbance and
mountain making was initiated, and when metamorphic
work began.

2. The oceanic era, commencing with the ocean in its place;
oceanic waves and currents and embryo rivers beginning
their work about emerged and emerging lands, and the
tides the retarding of the earth’s rotation.

ITI. The Archeozoic eon, or that of the first life.

1. The era of the first plants; the alge and later the aqua-
tic fungi (bacteria) ; commencing possibly with the mean
surface temperature of the ocean about 180° F.

2. The era of the first animal life; the protozoans, and forms
related to the embryos of higher invertebrate species, com-
mencing possibly with the mean surface temperature of
the waters about 120° F., and ending with 90° T, or below.

While these divisions mark off great steps in the progress of the de-
veloping earth, the rocks bear no marks of them that can be distin-
guished.

The Huronian pcrlod covered probmbly much of Archeozoic time,
and this is all that can be said in the way of correlation. It is well to
note here that if the Eozoon is really animal in origin the “ Lauren-
tian ” rocks of Canada in which it occurs must be Huronian or the
later of Archean terranes.

Vax Hise,”® in 1892, summarizes knowledge to date on the pre-

Jambrian areas of North America and discusses the nature and cor-
relation of the pre-Cambrian series. This is the first attempt to make
a concise statement of this complex subject. The present bulletin is
a restatement of the subject in the light of the studies which have
heen made since 1892.

Winriams,?® in 1894, discusses the distribution of the ancient vol-
canic rocks along the eastern border of North America, from New-
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foundland into Georgia, and shows their distribution on a sketch

map. The areas of these ancient volcanic rocks now known fall
roughly in two parallel belts; the eastern belt embraces the exposures
of Newfoundland, Cape Breton, Nova Scotia, the Bay of Fundy,
coast of Maine, Boston basin, and the central Carolinas; the western
belt crosses the Eastern Townships and follows the Blue Ridge
through southern Pennsylvania, Maryland, Virginia, and North Car-
olina to Georgia. This is largely a summary from the work of other
writers, supplemented by field observations in the Piedmont area.
For the most part age is not discussed, although the pre-Cambrian
age of the South Mountain volcanic rocks is mentioned.

BROOLS (W. K.),?" in 1894, discusses the origin of the oldest fossils
and explains the lack of fossils in the pre-Cambrian and their sudden
appearance in the Cambrian, as follows:

1. The primitive fauna of the sea bottom was entirely animal, with-
out plants, and it at first depended directly upon the pelagic food
supply.

2. It was established around elevated areas in water deep enough to
be beyond the influence of the shore.

3. The great groups of amma,ls were rapidly established from
pelagic ancestors.

4. The animals of the bottom rap1dly increased in size and hard
parts were quickly acquired.

. The bottom fauna soon produced progressive development
among pelagic animals.

6. After the establishment of the fauna of the bottom, elaboration
and differentiation among the representatives of each primitive type
soon set in and led to the extinction of connecting forms.

Thus is explained the high degree of dlﬂ"erentlatlon fmd develop-
ment shown by the early Cambrian fauna.

Vax Hisg,® in 1896, discusses principles of North American pre-
Cambrian geology. The first half of the volume treats of the prin-
ciples of structural geology particularly applicable to pre-Cambrian
study. On a structural basis the earth’s lithosphere is assumed to be
made up of a zone of fracture at the surface, grading below into a
zone of rock flowage, and attempts are made on several hypotheses
to determine the depth below the surface to which rock flowage must
begin because of the conditions of pressure there, and it is concluded

that this depth is seldom greater than 10,000 meters. The structural:

phenomena of the zone of rock flowage are discussed under the heads
of folding and cleavage, and those of the zone of rock fracture under
the heads of joints, faults, ﬁssﬂlty, ete. Other subjects discussed

are methods of field observation in closely folded districts, criteria

for determining unconformities, and some of the elementary princi-
ples of the metamorphism of rocks. :



SUMMARY OF GENERAL LITERATURE. .97

Part IT is a résumé of knowledge to date on pre-Cambrian regions
of North America, with a general discussion of the nature and cor-
relation of the pre-Cambrian series. As the present bulletin is essen-
tially a revision and amplification of this résumé, this part of Van
Hise’s principles will not be here summarized.

Evrrs,? in 1897, gives a general account of the Archean of eastern
Canada, including a review of the various classifications made by the
earlier geologists, and their recent modifications. It is concluded
that it is possible to reduce the great series of the so-called Laurentian
rocks to two principal divisions, viz, a lower Basal or Fundamental
gneiss, in which all traces of sedimentation are wanting, and.which
may be regarded as representing in altered form some portion of the
original crust of the earth; and a newer, secondary series, derived
doubtless from the decay of the former, in which the evidences of
clastic origin are manifest. On this basis the arrangement of the sys-

tems for eastern Canada would be as follows:

Laurentian, nonsedimentary :

Basal or Fundamental gneiss (Ottawa gneiss), representing in altered form
the original crust of the earth, and the lowest known series of rocks;
without evidence of sedimentary origin.

Huronian, partly sedimentary and partly igneous:

Grenville and Hastings series, comprising limestones, quartzites, gneisses,
ete., of Ontario and Quebeg, in the Ottawa district.

Schists and altered slates, chloritic and other crystalline rocks of the
Eastern Townships of Quebec and the Gaspe Peninsula.

Felsitic and gneissic rocks of northern New Brunswick.

Gneiss, quartzite, and limestone, of the so-called Laurentian of southern
New Brunswick, regarded as the equivalents of the Grenville and
Hastings series, felsites and schistose rocks of the Coldbrook, Kingston,
and Coastal divisions, the apparent equivalents of the rocks of the Sutton
Mountain anticlinal. .

TFelsitic and syenite rocks of eastern Nova Scotia and northern Cape Breton,
with their-associated crystalline limestones and serpentines.

Cambrian :
Cambrian slates, sandstones, and conglomerates.

Dawson,* in 1897, gives a general account of the pre-Cambrian
rocks of Canada. This is largely a discussion of pre-Cambrian classi-
fication and nomenclature, based on a review of early and recent work
on the pre-Cambrian of Canada, and will, therefore, not be fully sum-
marized. A few of the more important conclusions may, however, be
mentioned.

The Laurentian still includes both Fundamental gneiss and the
Grenville series.

The Huronian proper, under whatever locwl name it may be classed,
still remains a readily separable series of rocks.

The Upper Laurentian, Labradorian, Norian, or anorthosite group
is found to consist essentm]]y of intrusive rocks, later in age than the
Grenville, but in all probability pre-Paleozoic.

55721—Bull.. 360—09——7
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The general tendency in our advance in knowledge appears to be
in the direction of extending the range of the Paleozoic downward,
whether under the old name of Cambrian or under some other name
applied to a new system defined or likely to be defined by a char-
acteristic fauna; and under Cambrian or such new system, if it be
admitted, it is altogether probable that the Animikie and Kewee-
nawan I’OCLS must eventually be included.

The introduction of the term Algonkian, proposed to include the
recognizable sedimentary formations below the Olenellus zone and
their 1gneous equivalents,.is believed to be a backward step, for the
following reasons: It detaches from the Paleozoic great masses of
conformable and fossiliferous strata beneath an arbitrary plane and
unites these under a common systematic name with other vast series
of rocks, now crenemlly in a crystalhne condition; it includes as a
mere interlude what, in the region of the Protm\ls, is one of the
greatest gaps known to geological history; and it does not in the least
degree remove the difficulty found in defining the base of the Gren-
ville series.

Dawsox,?* in 1897, in an account of the physical geography and
geology of Canada, sketches the distribution and characters of the
pre-Cambrian rocks. This is hrgely a general summary of the
present state of knowledge concerning the geolooy of Canada, and
will therefore not be fully reviewed.

Warcorr,®* in 1899, discusses pre-Cambrian fossiliferous forma-

tions of North America.’ In two cases only have fossils of undoubted
organic origin been shown to occur in formations of reasonably cer-

tain pre-Cambrian age, namely, the Grand Canyon of Arizona, and

the Belt terrane of Montana. The Etcheminian terrane of New
Brunswick and Newfoundland is doubtfully a third instance.

A brief account is given of the stratigraphy of each of the areas of
pre-Cambrian sedimentary rocks. No new points appear except in
the description of the Belt terrane of Montana; the account of the
Belt terrane is therefore the only one summarized with reference to
stratigraphy.

The Belt terrane of Montana covers an area of more than 6,000
square miles in central Montana. The principal beds of the terrane
are as follows:

Feet.
Marsh shales ._________ . 300
Helena limestone- - _________ . ____________ 2, 400
Empire shales __— o _____ —— 600
Spokane shales_. ... __ ________ . 1, 500
Greyson shales__. .. _______________________________ ~ 3,000
Newland limestone__ . ___ . , 2,000
Chamberlin shales_____________________________________ 1, 500
Neihart quartzite and sandstone_.. ... ... e 700

12, 000

T e m—
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Throughout the area the Belt terrane is overlain unconformably by
middle Cambrian rocks (Flathead). The Cambrian rocks rest on
various members of the Belt series, and in places the Belt terrane is
entirely wanting, the Cambrian resting directly on the Axrchean
schists. In such cases, moreover, the character of the Belt beds indi-
cates that the Cambrian overlaps the Belt series.  The base of the
Cambrian is not markedly conglomeratic. At most of the outcrops
where the lower beds of the Flathead (Cambrian) sandstone come in
contact with the Belt rocks the dip and strike of the two are usually
conformable, so far as can be determined by measurement. This
holds good all around the great Belt Mountain uplift. It is only
when contacts are examined in detail, as near Helena, that the minor
unconformities are discovered, and only when comparisons are made
between sections at some distance from one another that the extent of
the unconformity becomes apparent. In general from 3,000 to 4,000
feet of the upper strata of the Belt terrane were removed by erosion
in late Algonkian time before the middle Cambrian was deposited.
It is believed that an unconformity of this extent is sufficient to ex-
plain the absence of lower Cambrian rocks and fossils and to warrant
the placing of the Belt terrane in the Algonkian system.

The fossils thus far found in the Belt terrane occur in the Greyson
zhales at a horizon approximately 7,700 feet beneath the summit of
the Belt terrane at its maximum development. The fauna includes
four species of annelid trails and a variety that appears to have been
made by a minute mollusk or crustacean. There also occur in the
same shales thousands of fragments of one or more genera of crus-
taceans. :

The fossils of the Grand Canyon upper Cambrian series consist of
specimens of a small dis¢inoid shell found in the upper division of
the Chuar terrane, and a Stromatopora-like form from the upper
])01t10n of the lower division and the central portion of the upper
division of the Chuar. Other obscure forms appear whose identifica-
. tion is doubtful. )

In New Brunswick certain rocks below the middle Cambrian, ac-
cording to Matthew, contain fossils which may be pre-Cambrian.

The Llano series of Texas is a series of alternating sandy shales,
sandstone, and limestone, very similar to those of the Grand Canyon
pre-Cambrian series and overlain by a middle Cambrian sandstone
similar to the Tonto sandstone of the Grand Canyon district. Ne
fossils have been found in these rocks, althoucrh no systematic search
for them has been made.

The Avalon series of Newfoundland includes all the pre-Cambrian
sedimentary rocks of that area. Overlying them are Cambrian strata
carrying Olenellus fauna. Co
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The Aspidella of the Momable slates is probably of organic origin, °
but it may be questioned. Other reported forms are inaccessible for
study.

In the Lake Superlor country markmgs have been reported as
found in the Huronian iron formation of the Menominee iron district
of Michigan. An examination of the specimens indicates that they
probably are from the basal detrital material of the Cambrian which
rests upon the Huronian iron formation. In the Animikie rocks of
the Lake Superior region the evidence of life consists of the presence
of graphitic material in the slates and of a supposed fossil mentioned
by G. F. Matthew. In the Minnesota quartzite of the upper Huron-
ian serieg lingula-like forms and an obscure trilobitic-looking impres-
sion are described by Winchell. The latter has been examined and
the conclusion is reached that it is of inorganic origin. As to the
lingula forms, the weight of evidence is in favor of their being small
flattened concretions.

In general, the reported discoveries of fossils in the crystalline
rocks of the Alconklan are as yet too problematic to be of value to
the geologist a,nd paleontologist. Apparently the best that can be
said of Eozoon and allied forms is that they may be of organic origin, -
but it is not yet proved. The same appears to be true of the supposed
fossil sponges described by G. F. Matthew from the Laurentian rocks
of New Brunswick. The graphlte in pre-Cambrian forms is prob-
ably in many cases of organic origin, but of the character of the life
we know nothing.

Palwotrochis, formerly referred to as a pre-Paleozoic coral, is de-
termined by J. A. Holmes and J. S. Diller as of inorganic origin.

 Euis,*® in 1899, gives a historical account of the geological nomen-
clature of that part of Canada which extends roughly from the Red

River of Manitoba eastward over Canada. The present usage with
reference to pre-Cambrian rocks may only be mentioned.

‘In Nova Scotia the term pre-Cambrian has been given to certain
eld crystalline rocks which were found to underlie the recognized
Cambrian of the coast or of the gold series, and which were found to
strongly resemble certain portions of the Laurentian or Huronian
of the western provinces.

In New Brunswick there has been little change in the nomenclature
proposed by Matthew, Bailey, and Hunt. The lowest division of the
crystalline rocks was held to conform most closely, in its details to the
Laurentian of the Canadian Survey. This series was divided into a
lower and an upper division, the former.of which was regarded as the
equivalent of the lower or I'undamental gneiss of the Ottawa district,
while the latter was supposed to represent the limestone and gneiss of
the Grenville series of Quebec. The Huronian was made to include
three divisions, viz, the Colebrook, the Kingston, and the Coastal.
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Since this time Matthew has introduced the term Etcheminian to
designate certain fossiliferous sediments found beneath the middle
Cambrian, probably belonging to the more recent portion of the pre-
Cambrian formations.

In Ontario and Quebec the oldest granite gneiss may be styled
Laurentian. The second member of the scale, or the Huronian, may
be made to include, as its lowest portion, that part of the crystalline
series, once regarded also as part of the Laurentian system, which is
known locally under the names Grenville and Hastings series, the re-
lations of which to the Laurentian proper are apparently of two
kinds—a stratigraphic sequence, with a probable unconformity, owing
to difference in origin, and a contact of intrusion. Portions of the
Grenville and Hastings series correspond, while the latter is carried
upward through less altered sediments to the upper members of the
Huronian system.

In the Lake Superior region the Huronian is succeeded upward by
the rocks of the Cambrian, represented by the Upper Copper-bearing
series, or the Animikie and Nipigon groups; while in eastern Ontario
this portion of the scale is apparently entirely lacking, the formation
succeeding the crystalline series being the Potsdam sandstone, which
is now held to represent the lowest member of the Cambro-Silurian or
Ordovician system.

Amr,* in 1900, summarizes the geology of Canada and indicates
the meaning and correlation of the principal terms employed in,
Canadian geological nomenclature.

"AMr* in 1900, briefly summarizes the salient features of the
geolooy of the pr1nc1pal cities of eastern Canada, including St. John,
Ottawa, Quebec, Montreal, and Toronto.

CorLeMAN,®® in 1902, discusses the classification of the Archean
(pre-Cambrian of the United Shates Geological Survey) and pro-
poses the following:

.

Keweenawan.
Middle and lower Camnbrian (?) or Algonkian (?).............. Unconformity.
Animikie.
Eparchean interval.
Laurentian=Fundamental gnelss, etc.
Eruptive unconformity.
Upper Huronian or Huronian

proper.
Archean. . Unconformity. .
vhe . . . =Grenville and Hast.
Huronian. . Schistose pyro- ings series
Lower Huronian| clastics and ’
or Keewatin, |. eruptives.

Coutchiching:

WiLson,* in 1903, describes the Lanrentian peneplain of the great
pre-Cambrian shield of Canada and adjacent portions of the United
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States. The peneplain is an ancient one, which has undergone dif-
ferential elevation, has been denuded, and subsequently slightly in-
cised around the uplifted margin. At several places on the margin,
as exposed to-day, the dissection may be regarded as submature. The
date of the major development of the peneplain is not determined,
but may be pre-Ordovician or Cretaceous. Around the southern

margin between Montreal and Winnipeg there are traces of a pene-’

plain (or probably more than one) of still earlier date, upon which
Paleozoic sediments were laid down, and which has been uncovered
by processes of degradation and denudation since the differential
uplift of the latest peneplain. :

Vaxn Hisg,* in 1904, discusses principles of metamorphism appli-
cable to the study of pre-Cambrian and other metamorphic rocks
and cites many illustrative pre-Cambrian rocks and localities.

WiLLmorr,* in 1904, finds a steplike regularity in the contact of
the Archean (pre-Cambrian of the United States Geological Survey)
and post-Archean rocks in the region of the Great Lakes and believes

it to be explained by a dislocation in the Archean before the deposi- .

tion of the post-Archean sediments.

Darron,® in 1905, in connection with a discussion of the artesian
wells of the central Great Plains, publishes a map giving the best
available information of the distribution of the pre-Cambrian rocks
of southwestern Minnesota, South Dakota, Wyoming, and the eastern
- part of Colorado, and briefly discusses their distribution and
structural relations. _

WirLis,* in 1906, in cooperation with the Canadian, Mexican, and
United States geological surveys, publishes a geological map of North
America with explanatory text. This is by far the best representa-
tion of the distribution of the pre-Cambrian rocks as a whole that
has been published to this date. The pre-Cambrian rocks are mapped
in part as unclassified, in part as Eo-Algonkian, including the Lower
Huronian and Keewatin of the Lake Superior country and the Gren-
ville series of eastern Canada, and, third, the Neo-Algonkian, includ-
ing the Belt terrane of Montana, the quartzites of the Colorado River,
and the Keweenawan and Animikie of the Lake Superior region
and northern Canada. The gold-bearing slates of Nova Seotia, the
Ocoee series of the Piedmont area, and the Adams Lake and Niscon-
~ lith series of British Columbia are all mapped as Cambrian, while
the Belt terrane, with which they are unrelated in the present paper,
is mapped as Algonkian. The Animikie series of the Lake Supericr
region has erroneously been mapped with the Eo-Algonkian rather
than with the Neo-Algonkian. The Keewatin and Lower Huronian
are mapped under one color because of the impossibility in the present
state of knowledge of separating them over much of Canada. The
use of the term Algonkian for this combination is, however, unac-

[
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ceptable to the Canadian geologists, who do not regard the term as
necessary, as well as to the American geologists, who regard the IKee-
watin as Archean, unconformably below the Algonkian.

Dawvy,* in 1907, concludes that the lime salts of the pre-Cambrian
ocean, inherited from Azoic time, were precipitated as calcium car-
bonate comparatively soon after the introduction of animal life into
the sea. o ‘ )

During most of Eozoic time—that is, pre-Cambrian time in which
animal life existed—the ocean was practically limeless; calcareous
secretions by animals were impossible.

Tests and skeletons of pure chitin were possible in Fozoic time,
but were not abundantly preserved until some carbonate or phos-
phate of lime was built into those structures. The calcareo-chitinous
tests of Cambrian and Ordovician trilobites and shells of brachiopods
represent a transition stage between the Eozoic eon of dominantly
soft-bodied animals and the post-Cambrian eon of dominantly linie-
secreting animals. The notable fossilization of brachiopods, trilo-
bites, mollusks, etc., was impossible until near the beginning of Cam-
brian time. Indeed, the conditions for truly abundant fossilization
of calcareous forms were not estabhshed until after the Cambrian
period. The striking variety or entire lack of organic remains in
the thick Cambrian sediments of British Columbla, Alberta, Idaho,
and Montana, and. in many other parts of the world, “may be thus
explained. : '

Eozoic hmestones, dolormtes magnesian limestones, and calcareous
and magnesian deposits genemlly were chemically deposited through
the medium of organic ammonium carbonate. This alkali acted on
the primeval calcium and magnesium salts of the ocean and on.the
calcium and magnesium salts introduced to the ocean by pre-Cam-
brian rivers. A similar origin is suggested for the iron carbonate
occurring in Itozoic sedimentary beds. It is also suggested that
possibly the silica of the cherts and jaspers characteristically asso-
ciated with these carbonates was likewise thrown out of solution
by ammonium carbonate of organic origin. The petroleum and
natural gas emanations from Eozoic sedimentary rocks receive ex-
planation if the fundamental postulate of abundant Eozoic marine
life be accepted.

CoLEMAN,** In 1907, argues for a Lower Huronian ice age on the
evidence of the na,ture of the graywacke and conglomemte in the
Lower Huronian rocks of the Cobalt district and adjacent territory.
- Vax Hisg,** in 1908, outlines the development of knowledge of

the dual division of the pre-Cambrian, emphasizes the fact that this
is based on physical differences rather than on differences in life
evidences, and concludes that no subdivision is possible on the
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“ zoic ? basis and that therefore terms such as Archean and Algon-
kian are desirable to indicate the physical classification. A
Davry,* in 1908, from a consideration of the origin of augite andes-
ite and of related ultra-basic rocks, suggests that basaltic magma
forms the universal substratum of the earth’s crust to-day and has
formed that substratum since Keewatin time; that this basaltic sub-
stratum is stratified by density so that the lower layer of the crust is
crystallized basaltic magma and the upper layer is dominantly acidic.
The fundamental gneiss of the pre-Cambrian was crystallized in pre-
Keewatin time and through it the basic Keewatin lavas were erupted.
By the spontaneous differentiation of the primary basalt through
fractional crystallization, the few rock types specially discussed in
this paper have been locally derived. Most of the other eruptive
rocks are, on this same working hypothesis, regarded as derived from
the formation and differentiation of magmas which are the product
of the solution of the acidic original gneissic shell and of its sedi-
mentary veneer in the primary basalt. -
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CHAPTER IIL
LAKE SUPERIOR REGION.

SECTION 1. M.ICHIGAN.
SUMMARY OF LITERATURE.

Houenron,! ¢ in 1840, divides the rocks in the south and southeastern
part of the Upper Peninsula into Prlmary and sedimentary. The
Primary region stretches continuously in a northwestward direction
for many hundreds of miles, skirting portions of the shores of Lake
Superior, and constituting the highlands between that lake and the
Lake of the Woods. From these highlands it stretches a little east of
Lake Winnipeg far to the northwest, finally constituting the im-
mense “barren grounds” of the British Possessions. The rocks of
St. Marys River and adjacent region comprise greenstone, argillite,
and granular quartz rock, which passes into an almost conglomeratic
quartz rock. In this occur small quantities of hematitic iron ore.
The sedimentary rocks include the Lake Superior sandstone and lime
rock and shales. The Lake Superior sandstone is nearly continuous
on the southern shore of Lake Superior, and in its easterly prolonga-
tion rests against and upon the Primary range of St. Marys River,
where it passes conformably below the limestone above. The Lake
Superior sandstone, in its easterly prolongation, does not attain a
very great thickness, but in proceeding westerly this thickness is
vastly increased, attaining on the south shore of Lake Superior to
several hundred feet. A careful search for fossﬂs in this sandstone
has failed to reveal a single one.

Hougrrox,? in 1841, d1v1des the older rocks of the Upper Penin-
sula of Michigan into (1) Primary, (2) trap, (3) metamorphic, (4)
conglomerate, (5) mixed conglomerate and sandstone, (6) lower or
red sandstones and shales, and (7) upper or gray sandstone. The
Primary rocks are in a broad sense granite. The granitic rocks are
largely traversed by greenstone dikes. The trap rocks of the district
in a chronological order would follow the metamorphic slates and
quartz rocks, but the granitic rocks pass by almost insensible grada-
tion into the greenstones of the trap formation.

The sedimentary rocks on the south and southeast of the main trap
range are scarcely disturbed, while those on the north and northwést-

) o For notes see end of chapter, p. 386.
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erly sides are invariably tilted to a high angle near the range of hills,
The sedimentary rocks on the north are traversed by numerous dikes,
varying in thickness from 50 to 400 or 500 feet. The trap rocks on
this northwestern escarpment were in an intense state of ignition
while in contact with the sedimentary rocks, as shown by the great
changes which the sedimentary rocks have undergone. The author
is disposed to regard the amygdaloid as due to the fusion of the lower
portions of the sedimentary rocks.

At Presque Isle is a little isolated knob of trap which has been up-
lifted, as is shown by the way in which the stratification of the adja-
cent sedimentary rocks has been disturbed. They invariably dip at a
high angle in all directions from the trap. - At the immediate line of
junction the character of both rocks is lost, and the sedimentary rocks
for a distance of several hundred feet have been shattered while re-
taining their original position, and were again cemented by an injec-
tion of calcareous matter.

The area of country occupied by the metamorphic group is less than
by the Primary or trap. The group is made up of an alternating
series of talcose and mica slates, graduating into clay slates, with
quartz and serpentine rocks, the quartz rocks being by far the most
abundant. The metamorphic rocks are occasionally traversed by trap
dikes. ‘ _

The conglomerate rock, the lowest of the sedimentary rocks, is inva-
- riably connected with or rests upon the trap rock. It is very variable

in thickness and is without doubt a trap tuff which has accumulated or
been deposited around the conical knobs of traps during their gradual
elevation. The pebbles of the rock consist of rounded masses of
greenstone and amygdaloid. They are usually firmly cemented by
calcareous and argillaceous material. Resting conformably upon the
conglomerate is a mixed conglomerate and sand rock. This mixed
rock occurs upon Isle Royal and was seen to be very widespread on
the south shore. The conglomeratic part of the mixed rock has the
same character as the conglomerate rock. Dikes of greenstone are
found in this mixed rock, but less frequently than in the rock below.
The red sandstone is the chief rock that appears upon the immediate
coast of the south shore of Lake Superior. The Primary, metamor-
phic, and trap rocks are almost invariably surrounded or flanked at
their bases by this sand rock. The material of this sand rock differs
widély from the conglomerate rocks, for these are made up of ma-
terials clearly of trappean origin and very rarely of quartz, while the
red sandstone is composed of materials derived from the granitic and
metamorphic rocks, in which quartz occurs abundantly. The red
sand rock is less frequently traversed by dikes than the rocks before
-described, although they are sometimes noticed traversing the whole
-of the several rock formations, including the red sandstone. The
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upper or gray sand rock conforms to the limestone above it, and rests
' conformably upon the uptilted edges of the sand rock below

Locke,® in 1844, describes the rocks of Copper Harbor as well as
the whole of Keweenaw Peninsula as decidedly metamorphic, show-
ing every degree of change produced by igneous action, from un-
changed sandstone to compact greenstone. The original stratification
is generally more or less evident; some Jayers bear evidence of semi-
fusion with a corresponding degree of induration, while others seem
scarcely to have been altered.

RocErs,* in 1846, describes the red sandstones and conglomerates of
- Lake Superior as resting unconformably upon highly inclined slate
rocks undoubtedly Primal and upon the Potsdam sandstone of the
New York Survey at Chocolate and Carp rivers, and therefore re-
gards them as of post-Paleozoic age.

Locke,” in 1847, speaks of the relation of the trap rock and sand-
stone at Presque Isle, and submits a drawing of it.

WaHaITNEY,® in 1847, describes the wide band of trappean rocks com-
mencing at the extremity of I{eweenaw Point as continuing its course
uninterruptedly as far as Montreal River. Its distance from the
lake between Portage and Ontonagon is generally from 8 to 10 miles.
The highest and most imposing cliffs are found north and east of
Agogebic Lake. Beyond Agogebic Lake the trap range widens and
forms several ridges, between which it is not impossible that there
may be sandstone. The Porcupine Mountains embrace a system of
trappose rocks in three tolerably distinct ranges. All the country
north of the northern edge of the trap range from the Ontonagon to
the Montreal, with the exception of the trappose rocks of the Porcu-
pine Mountains, is covered by the red sandstone of Lake Superior.

WHITNEY,’ in 1848, finds in the townships near L’Anse fossilifer-
ous limestone, which seems to be surrounded by and has been depos-
ited on the Lake Superior sandstone.

Fosrer,® in 1848, in passing from Copper Harbor to I’Anse, finds
that the trap, instead of being forced through the layer of sandstone,
as on the northern slope of Keweenaw Point, protrudes through a fis-
sure in it, causing an anticlinal axis. A few miles farther south the
sandstone is nearly horizontal, being in a series of gentle undulations.
At L’Anse the sandstones overlie the talcose, argillaceous, and horn-
blendic slates unconformably, while 15 miles southeast of IL’Anse the
granites protrude through these schists.

On Michigamme River were found, in order, beds of quartz and
feldspar, hornblende, and specular oxide of iron, associated with tal-
cose and argillaceous schists. On the left bank of the Michigamme
(sec. 1, T. 46 N., R. 30 W.) is a hill 170 feet high which exposes a
very large mass of nearly pure specular oxide of iron. About 40 feet
from the escarpment is a metamorphic rock composed of rounded par-
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ticles of quartz and feldspar with masses of ore intermingled like the
pebbles of a conglomerate. ‘

Iron ore and marble were observed along the Menominee, as well as
various other kinds of rocks, including granite, hornblende slate, tal-
cose slate, etc. At Sandy portage, on the Menominee, is a class of plu-
tonic rocks older than the traps of IXeweenaw Point, which were pro-
truded among the slates and then denuded before the deposition of the
sandstone; for the slates are intercalated among the igneous rocks
with a vertical inclination, while the sandstone rests horizontally or
nearly so upon them. This sandstone is regarded as the oldest of the
Paleozoic rocks and is the equivalent of the sandstone on the northern
slope of the Upper Peninsula. Resting upon this sandstone is a lime-
stone which is sparingly fossiliferous.

WarrNEY,® in 1849, describes the iron ore of the Upper Peninsula
of Michigan as existing in the form of solid ridges and knobs inter-
stratified with banded jasper, the whole evidently of 1gneous origin.

JACKSON,* in 1849, describes the sandstone of Keweenaw Point re-
mote from the trap as horizontal or but slightly waving, while near
the trap rock it is as high as 80°. The conglomerate is limited to the
borders of the trap and is of the same age as the finer grained sand-
stone ‘with which it alternates. At the line of junction of the trap
rocks and sandstone the two are interfused, producing the metamor-
phic rock amygdaloid, which resembles the vesicular lavas of vol-
canoes, but has its cavities filled avith a great variety of curious and
interesting minerals. On Isle Royal about one-quarter of the area
is sandstone and conglomerate and the remainder trap, which forms
ridges extending the whole length of the island. ,

J ACKSON,? DICKLNSON, MolIntyre, BARNES, Locke, Foster and
Warrney, Giess, Hirr, Burr, and HusBarp, in 1850, report upon
the mineral lands south of Lake Superior in Michigan.

Jackson,™ in 1850, describes the red sandstones and conglomerates
of Keweenaw Point as existing there anterior to the elevation of the
trap rocks, being derived from the deposition of fine sand and peb-
bles from preexisting Primary rocks, such as granite, gneiss, or mica
slate. Porphyry furnishes a large portion of the débris, but it is
doubttul if this is not a semifused sandstone. There is no reason to
believe that igneous agencies had anything to do with the origin of
the pebbles of the conglomerate, for they are rounded by the action
of water. From the circumstance that the conglomerate borders the
trappean rocks it is supposed an ancient shore may have existed along
that line. It is certain that the finer sandstone is more remote from
the trap than the conglomerate is, and that it is less uplifted and in-
clined as it recedes from the trap band. Near the junction of the two
rocks the strata dip 25° or 30°, while remote from it the sandstone
is nearly horizontal. The mineral composition, association, and con-
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tents of the sandstone are identical with those of Nova Scotia, Con-
necticut, Massachusetts, and New Jersey, belonging to the New Red
sandstone series; and that the Lake Superior sandstone belongs to
this age has been confirmed by the discovery by C. I'. Merion of a
tract of limestone in the midst of the sandstone of Keweenaw Point
near L’Anse. The limestone contains Pentamerus oblongus, and, ac-
cording to Whitney, has a dip of 30°, while the overlying sandstone
is horizontal and has been deposited around it. The sedimentary
strata have undergone great change by the action of the trap rocks.
Along the line of the junction a chemical combination of the materials
.of the sandstones and trap rocks took place, forming the vesicular
trap called amygdaloid, while there has further resulted from this
action a brecciated or trap tuff, consisting of broken pieces of amygda-
loid and sandstone. At other times the sandstone is indurated into
a flinty red rock resembling jasper. At the Copper Falls mine is
a case of what appears to be an Orthocera in the breccia of amygda-
loids and altered limestones. May it not have been torn from a
subjacent bed of Silurian limestone by the agency of the intruded
trap rocks? At the coast off Lac la Belle the sandstone in contact
with trap has a dip to the south of 30°, while at Point Isabelle the
sandstone cliffs are nearly horizontal.

Locke,* in 1850, finds, near I”Anse, that the trappean rocks contain
fragments of slate distributed through it and converted into a horn-
stone when in small pieces, like the eruptive granite of Pigwacket
Mountain, New Hampshire. At point No. 2, west of Presque Isle,
is a junction of red sandstone and syenite. The mass of syenite in-
tersected by dikes of trap is under the sandstone and seems to have
but slightly affected it.

Foster and WaHITNEY,™ in 1850, accompany their synopsis of their
explorations by geological maps of the region between Portage Lake
and Montreal River, Keweenaw Point, Isle Royal, and the region be-
tween Keweenaw Bay and Chocolate River.

WaITNEY,* In 1850, finds the rocks in the district between Portage
Lake and the Ontonagon River to comprise the following: First, the
red sandstone of Lake Superior, the age of which can not be deter-
mined, as it is destitute of fossils. It lies directly upon the granite
rocks. Second, a bed of fossiliferous limestone of the Lower Silurian
system, which occurs in an isolated position and has but a limited ex-
tent, and the relations of which to the sandstone have not been deter-
mined with certainty. Third, the trappean rocks. Iourth, granitic
and syenitic rocks, with hornblende and greenstone. The farther the
red sandstone is removed from the trappean rocks, so much nearer
do its strata approach to the horizontal and also become lighter in
color and more fragile. The conglomerate of Keweenaw Point oc-
curs mixed and intercalated in such a manner with the sandstone as
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o leave no doubt of their common origin and identity of age. In
general the beds of conglomerate increase in frequency in nearing the
trap. The sandstone does not repose directly on the trap, but almost
invariably a bed of coarse pebble rock is found interposed between.

A trap breccia found at Cushman’s seems to be a product of the inter--

fusion of trap and sandstone. Compqct quartz rock or jasper occurs
abundantly in mountain masses in the Porcupine Mountains.

Whitney describes a deposit of limestone which rises to a height of
about. 300 feet above the general level of the, country near L’Anse
The limestone is indistinctly stratified and dips from zero to 30° at
various points. At certain places it contains numerous fossils, but
the greater part of the rock seems to be destitute of them. Among
the fOSSl]S are encrinites, orthoceratites, and others. The country
around is low and swampy, but the indications are for nothing but
sandstone horizontally stratified. As the limestone is apparently
inclined at an angle of 30°, it seems evident that this is the oldest
rock, though it can not be denied that the stratification of the lime-
stone is very obscure and in some places it appears to lie nearly hori-
zontal. On the data collected the author feels unwilling to pronounce
which is the older formation.

Fosrer,*® in 1850, finds at Copper Harbor the junction of the trap
and conglomerate. At the point of contact the trap is vesicular, but a
few feet distant it is amygdaloidal. - The conglomerate is made up of
rounded pebbles of greenstone, porphyry, and rarely granite, ce-
mented by a dark iron sand, with carbonite of lime among the inter-
stices. Near the Quincy mine the conglomerate,.or rather sandstone,
containing quartz pebbles, forms the gorge of the stream below the
falls, and differs essentially from that on the northern slope of Ke-
weenaw Point. Between the sandstone and compact trap is a bed of
red slaty trap associated with amygdaloid. At L’Anse sandstone and

conglomerate are found resting unconformably upon chlorite slate,

novaculite, or siliceous slate. In the Chippewa land district are
found granite, gneiss, hornblende, chlorite, argillaceous slates, and
_magnetic iron ore. In sec. 1, T. 46 N., R. 30 W, is a bed of quartz
composed of rounded grains, with small specks of iron disseminated,
and large rounded masses of the same material inclosed, constituting
a conglomerate. This bed is 15 feet in thickness and is succeeded
again by a specular iron.exposed in places to a width of 100 feet.
The author is disposed to place the sandstone of Lake Superior at
the base of the fossiliferous series. The unbedded traps of Keweenaw
Point and Isle Royal have broken through this sandstone, forming
continuous lines of elevation. In receding from the trap of Kewee-
naw Point the inclination of the sandstone diminishes rapidly, and
5 or 6 miles away is nearly horizontal. In a fork of Torch River, on
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the Douglass Houghton Mining Company’s land, the sandstone dips
southerly, or away from the trap. On the north side of the stream
it is seen resting on the trap in large blocks. On the south side of
Keweenaw Point, at Bete Grise Bay, the sandstone is white and gran-
ular, destitute of pebbles, and dips southerly, or away from the trap.
In the bottom of the bay, when the water is calm, the bands of sand-
stone can be seen describing immense curves parallel to the direction
of the Bohemian range of mountains, and .affording conclusive evi-
dence that their bearing and upheaval are due to the protrusion of
the igneous rocks. On the east side of sec. 14, T. 59 N., R. 29 W., the
sandstone is nearly horizontal, although removed but a few miles from
the trap. .

Burr,? in 1850, finds on Keweenaw Point and along the south shore
of Lake Superior to the mouth of Carp River and in the Porcupine
Mountains five principal groups of rocks—Primary, slates, trap, con-
glomerate, and sandstone. With the Primary rocks are placed syenite
and granite. Flanking the Primary rocks is argillaceous slate;
flanking the slates and resting upon them are red and variegated
sandstones, and these also flank the Primary rocks. The trap rocks
have a much higher angle on the southeast than on the northwest side .
of tlie range, which runs from the northeast end of Keweenaw Point
and extends in a course generally to the southwest. The conglomerate
flanks the trap range on the northwest, and is made up of sand,
pebbles, and small bowlders principally derived from the rocks of
the trap family. Resting conformably upon the conglomerate rock
is a series of alternating strata of sandstone and conglomerate.

Hueearp,'® in 1850, finds, in ‘the district south of Lake Superior,
Primary and metamorphic regions, consisting of granite rocks, be-
tween which are metamorphic rocks which graduate into clay slates.

Burr,*® in 1850, finds the area bounded on the north by the fifth

correction line and south by the fourth correction line and Brule
River, between ranges 23 and 37, granite and syenite, talcose and ar-
gillaceous slates, greenstone and hornblende slate, mica slates, coarse
sandstone, calciferous sand rock, encrinal limestone, red sandstone
and red clay, and magnetic iron-ore beds.

Foster and WHITNEY,? in 1850, give a systematic report on the
geology and topography of the copper lands. On Keweenaw Point
these consist of trappean rocks associated with conglomerates and
sandstones.

On this point are two trap ranges, the southern known as the Bohe-
mian Range. The conglomerates are volcanic friction rocks rather
than the result of erosion. The pebbles may have received their
rounded shape by being projected from fissures through water. The
only instance in the district in which trap occurs remote from the
lines of fissure is in the northeast corner of T. 49 N., R. 36 W., where
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Silver Mountain rises as an isolated and dome-shaped mass to the
height of 1,000 feet. The summit of the rock consists of labradorite
and hornblende, while the surrounding plain is covered with clay,
resting on sandstone in a nearly horizontal position. The sandstones
and interbedded traps of Keweenaw Point and Isle Royal dip in
opposite directions and form a synclinal trough. Near IAnse is a
limited patch of limestone which has a dip to the east of 25° to 30°,
the limestone being distinctly stratified. The sandstone about a
quarter of a mile to the north is horizontal, and it seems evident that
the limestone overlies the sandstone, although the position of the in-
clined beds of the more southerly portion of the limestone is diffi-
cult to explain, since the surrounding country is low and level and
underlain by sandstone and horizontal beds. It seems evident that
at this point the country has been disturbed and upheaved by igneous
ection beneath, which has raised the strata without any appearance
of trappean rocks at the surface. This is indicated by the fact that
at no great distance to the south an elevation occurs at which the
strata of sandstone dip on all sides, although there is no igneous
rock visible. From the fossils entombed in this limestone Hall con-
cludes that the rocks may be regarded as the equivalent of any of the
following: The Potsdam and Calciferous sandstones, the Chazy,
Bird’s-eye, and Black River limestones, perhaps of the Trenton or
even Fludson River groups. In T. 47 N., R. 25 W., Michigan, is a
conglomerate, the pebbles -of which comprise granite, hornblende,
slate, greenstone, and iron ore.

Foster and WaITNEY,? in 1851, rcport on the iron region of the
Lake Superior land district, and give an account of its general
geology. The older rocks are classified as follows:

Granite.
Syenite. |
Feldspar and quartz rock.

[ Plutonic
rocks.

Igneous (of various ages). Trappean (Greenstone, or dolerite, porphyry, ba-

or _salt, amygdaloid, hornblende and
volcanic serpentine rocks, masses of specular
rocks. and magnetic oxide of iron.

Gneiss, mica and hornblende slate.
Chlorite, talcose and argillaceous slate.
Beds of quartz and saccharoidal marble.

Metamorphic (Azoic sys-
tem).

Formations.

Aqueous (Silurian system).

The igneous rocks are found in all these sedimentary systems. The
oldest igneous rocks, consisting of hornblende, feldspar, and serpen-
tine rocks, are contemporary with the Azoic system. The granites and
syenites are intermediate in age between the Azoic and Silurian sys-
tems. These are traversed by two systems of greenstone dikes which
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are anterior to the purely sedimentary deposits. Contemporaneous -
with the lower portion of the Silurian system are the bedded traps
and amygdaloids of Keweenaw Point, Isle Royal, and the Ontonagon
region, which are composed of nearly the same constituents as many
of the older igneous rocks, although there is no difficulty from the
diversity in external characters in drawing the line of demarcation
between them. ' » .
Below all the fossiliferous groups of the region is a class of rocks
consisting of crystalline schists, beds of quartz, and saccharoidal
marble, which is denominated the Azoic system, a term first applied
by Murchison and De Verneuil to designate the crystalline masses
which preceded the Paleozoic strata. This term as here used is limited -
to rocks which are detrital in origin and which have been formed be-
fore the dawn of organized existence. The general section shows the
rocks of KKeweenaw Point to be the counterpart of those of Isle Royal,
except that the dip of the sedimentary rocks is reversed, thus rendering
it highly probable that between these two points is a great curvature
in the strata, caused by the elevation along the line of two volcanic
fissures. The sandstone on the southern slope of the axis, equivalent
to the Potsdam, is seen dipping away from the crystalline trap at a
high angle, but at a short distance from the line of igneous outburst
it verges toward horizontality; and along the coast at the head of
Keweenaw Bay it is seen reposing unconformably on the slates of the
Azoic system. From I’Anse to Chippewa Island in Menominee
River, a direct distance of more than 80 miles, the country is occupied
by rocks of the Azoic system, which include immense deposits of
specular and magnetic oxide of iron, and are invaded at many points
by igneous rocks, both granitic and trappean. At Chippewa Island
the Potsdam sandstone reposes upon the upturned edges of the slates.
The Azoic rocks have been so transformed by direct and trans-
mitted heat as to exhibit few traces of their original character. Sand-
stone has been converted into massive quartz, limestone into saccha-
roidal marble, and shales into hard crystalline schists. These rocks are
destitute of life, are a system of obscurely stratified rocks interposed
between the Potsdam and the granite, and are unconformable to the
former in dip. The Azoic series of the southern shore have not been
capable of division into two groups, as Logan divided the series on the
north shore. The rocks are highly inclined and much contorted, and
-nowhere exhibit the characters of a purely sedimentary rock; but the
evidences of metamorphism are more striking in approaching the lines
of igneous outburst. Gneiss generally flanks the granite, succeeded
by dark masses of hornblende, with numerous joints, but obscure lines
of bedding, which often graduate into hornblende slate or chlorite
slate in receding from the igneous products. The greenstones often
form broad sheets, bearing the same relation to the slates that the
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trappean bands of Keweenaw Point bear to the conglomerates. Many
of the slates appear to be composed of pulverulent greenstone, as
though they might originally have been ejected as an ash and subse-
quently deposited as a sediment. ~They pass by imperceptible grada-
tions from a highly fissile to a highly compact slate.

In sec. 19, T. 49 N., R. 27 W, are found a talcose and chlorite
slate and quartzose rocks enveloping pebbles and displaying obscure
lines of stratification. In sec. 32, T. 48 N., R. 26  W., and near
Jackson Company’s forge are found quartzose conglomerates. On the
Line between secs. 29 and 32, T. 47 N, R. 27 W, is a conglomerate
forming an isolated rounded elevation, which is made up of coarse
klocks of various sorts belonging to the neighboring trappean and
slaty beds. Among them are found fragments of the rock associated
_with iron, and masses of the iron itself, and of the banded and jaspery
varieties. Most of the fragments of the breccia are but slightly
rounded and worn on their edges, having in this respect the appear-
ance of a friction conglomerate. The blocks are cemented together -
by a hard ferruginous paste.

The granites belong to two epochs: The granite of the northwest-
ern coast and the vicinity of Pigeon River was elevated before the
Azoic period, since the upper portion of the slates repose horizontally
around it; while that of the northeastern coast and that which forms
rhe axis of the river systems of the two lakes were elevated after the
termination of the Azoic period and before the dawn of the Silurian,
since the granite has disturbed the upper beds of slate, while the
lower beds of the Potsdam rest undisturbed around it.

The masses of iron ore and jasper have none of the characteristics of
vein deposits. They are intercalated among the metamorphosed sedi-
mentaries and have an intimate association with the trappean, por-
- phyritic, and serpentine rocks. If the trappean rocks were an invari-
able accompaniment the ores would with little hesitancy all be as-
signed to a purely eruptive origin; but when they are found in the
form of beds, in clearly metamorphic strata, having a common bear-
ing and inclination, they are regarded as having been derived from
the destruction of previously formed igneous masses, and their pres-
- ent association as having resulted from aqueous deposition. The
Azoic period having been one of long-continued and violent mechan-
ical action, there is no reason to doubt that many of the strata of
which it is composed may have been derived from the ruins of pre-
viously formed rocks of the same age, both sedimentary and igneous,
as is shown by the case of the knob of conglomerate already men-
tioned. The minute banding of the ore and jasper can hardly be
explained by any other than the action of segregating forces in an
igneous rock. The authors are then disposed to regard the specular
and magnetic oxide of iron as a purely igneous product, in some
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instances poured out, in others sublimed, from the interior of the

earth. Where the ores are in a state of purity, in the form of irregu-
lar masses in preexisting depressions, or where the incumbent strata
are metamorphosed or traversed by the dikes of ferruginous matter,
they are without doubt eruptive. Where impregnating metamorphic
products, such as jasper, hornstone, or chert, quartz, chlorite, and talc
slate are found, not only between the laminz but intimately incorpo-
rated with the mass, giving it a banded structure, they are regarded as
~ the results of sublimation. The supposition that the ore may be a sec-
ondary product resulting from the, decomposition of a pyrite or the
" metamorphism of bog iron is inadequate to account for the accumula-
tion of such mountain masses and to explain the relations to the asso-
ciated rocks. '

The bed of Lake Superior, embracing an area of about 32,000
square miles, is occupied almost exclusively by the Potsdam sandstone.
The sandstone in the vicinity of the trappean rocks attains the enor-
mous thickness of 5,000 feet, and often consists of conglomerates
composed of trappean pebbles, while away from these lines of dis-
turbance, where it abuts against thé Azoic rocks, it is a purely siliceous
sand. At Granite Point masses of granite are overlain by horizontal
sandstones. The granites are cut by dikes of greenstone, which in no
case penetrate the overlying rock. The same phenomena are seen at
Presque Isle, at Middle Island below Presque Isle, and at Carp River.

On Menominee River near the foot of Chippewa Island layers of -

sandstone are found on the upturned edges of the Azoic slates.

Whitney does not find the Pentamerus oblongus referred to by
Jackson, nor any other form characteristic of the Niagara formation;
but, on the other hand, they are pronounced as belonging to Lower
* Silurian types.

Foster and Warrney,?? in 1851, repeat the general conclusions
contained in their report on the iron region, and remark that the
Azoic system is characterized by such immense deposits of specular
and magnetic oxide of iron that it might with propriety be denomi-
nated the Iron Age of geology, while the Silurian epoch with equal
propriety might be designated the Copper Age.

Foster and Wwrrney,?® in 1851, further speak of the age of the
Lake Superior sandstone. The sandstone of St. Marys River is
traced to the south shore of Keweenaw Point and is found to increase
in thickness gradually, until in the vicinity of the trappean rocks it
becomes of great thickness, accompanied by wide belts of conglomer-
ate. The conglomerates of Keweenaw Point are the result of igneous
rather than aqueous forces, being caused by friction and mechanical
volcanic action along the line of fissure. The mural faces of the trap-
pean ranges are almost without exception turned toward the south,
and the sandstone on that side is elevated at a high angle, sometimes
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dipping almost vertical at the junction of the two formations, but in
proceeding southward becoming almost immediately horizontal. The
appearance is as if the strata had been broken and elevated, just like
the southern edge of the igneous mass. Where the sandstones and
traps are interlaminated it is difficult to determine the junction when
the sandstone lies upon the trap, but when below it the line of separa-
tion is sharp. As further showing that the sandstone is Lower Silu-
rian, a small deposit of Lower Silurian limestone rests upon the sand-
stone; this effectually completes the chain of evidence.

JACKSON,?* in 1853, maintains that the red and gray sandstones of
lake Superior are above the rocks of Devonian age. They rest hor-
izontally around Silurian limestone, which has an inclination on
Sturgeon River near Keweenaw Point of 30°. In point of fact the
sandstones of Lake Superior are the exact equivalents of those of
Nova Scotia, where trap rocks of the same age as those of Lake
Superior pass through them. The amygdaloidal trap of Keweenaw
Point and Isle Royal is a vesicular rock formed by the interfusion
nf sandstone and trap rock.

JACKSON,? in 1860, again asserts that the red sandstones of Kewec-
naw Point are certainly coeval with the sandstone of Nova Scotia,
Connecticut River, and New Jersey, as proved by identity of composi-
tion, mode of disruption, character of associated minerals, and, above
all, by the fact that they rest upon Devonian limestones. Orthoceratite
at Copper Falls mine and Pentamerus in the underlying limestone of
Sturgeon River show that the sandstones are not Potsdam. This is
also shown by the occurrence of pitchstone porphyry on Isle Royal
such as is found in the Isle of Arran of Triassic or Devonian age.
The author is not disposed to place the sandstones of the Pictured
Rocks in the same formation with Keweenaw Point and Isle Royal.

RoeErs,? 1in 1860, maintains that the argillaceous.shales and con-
glomerates of a part of the southern shore of Lake Superior are the
equlvalent of the Primal series. The Cupriferous series is in direct
association with the Potsdam, and therefore the argument for Triassic
age on account of texture and color is entirely valueless.

WixncueLL (ALexaNper),®” in 1861, gives a general sketch of the
geology of Michigan. Among the stratified rocks are placed the
AAOlC, while the unstratified rocks are divided into Volcanic, includ-
ing lava, trap, etc., and Plutonic, including granite, syenite, etc. The
Azoic rocks are of immense thickness and are inter posed between the
crystalline, plutonic, and volcanic rocks and the Lake Superior sand-
stone. The rocks in this system in Michigan consist of talcose,
chloritic, and siliceous slates, quartz, and beds of marble. In it are
found the specular and magnetic ores of Lake Superior. The Lake
Superior sandstone is placed in the lower Silurian system. The solid
quartzose character of the rock of St. Josephs and Sulphur islands
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suggests the idea that it is Azoic; but the gradual transition from the
unaltered sandstone of the Sault to the altered sandstone of Neebish

" Rapids and the jasper conglomerates of the western shore of Campe-
ment d’Ours, favors the equivalency of the sandstone and the
quartzite, as does also the fact that the fossiliferous Chazy limestone
is found directly upon the quartzite at Sulphur Island. '

Wirriams and Branoy,? in 1862, describe the trap ranges of Por-
tage Lake as being about 3 miles wide and consisting of amygdaloidal-
trap, occasionally intercalated with sandstones and conglomerates.
The dips vary from 60° to 75°, becoming more nearly horizontal
toward the northwest, until finally the sandstone which succeeds it
becomes absolutely horizontal.

Kimearr,® in 1865, divides the rocks of the Marquette region into
two formations, Laurentian and Huronian, the former including the
granite ridges, while the latter nearly agrees with Foster and Whit-
ney’s limits for the Azoic. The crystalline rocks south of Keweenaw
Point are pre-Paleozoic, while the greenstones of that point are inter-
calated conformably with the Paleozoic. The specular iron ore and
beds of specular conglomerate are heavy-bedded strata and schists in
which none of the phenomena of aqueous deposits are wanting. They
exhibit not only stratification, but anticlinal and synclinal folds.
From a stratigraphic point of view the Huronian greenstones, schists,
and iron ores of Marquette exhibit characters which render quite un-
tenable the theory of the exotic character of any portion of them. -

Acassiz in 1867, finds at two ravines near Torch Lake—one the
Douglass Houghton—that the sandstone rests unconformably upon
the trap. The trap dips 42° N., while the sandstone, 100 feet distant,
lies nearly horizontal, with no trace of an anticlinal axis between. . .

The sandstone contains waterworn fragments of the trap. The
sandstone north. of the range is conformable with the trap, but the
sandstone south is plainly of a different age.

CrepNER,* in 1869, describes the Laurentian and Huronian sys-
tems in the Upper Peninsula of Michigan. The Laurentian system
is the gneiss granite formation, which includes many varieties of
massive rocks, as well as hornblende, chlorite, and other schists, and
also thin layers of dolomitic limestones. The Huronian system is the
iron-bearing formation. = The general succession, beginning at the
base, is: Quartzite, in its upper parts often iron stained, 2,500 feet;
crystalline dolomitic limestone, containing argillite, chlorite schist,
and layers of quartz, seldont conglomeratic, 2,500 to 3,500 feet; more
or less siliceous hematite, 600 to 1,000 feet ; ferruginous chlorite schist,
1,200 feet; dark clay slate, with beds of hard quartzite, 8,500 feet;
chlorite schist, with beds of diorite, 1,300 feet; talc schist, with va-
rious impurities, 100 feet; aphanitic to granular diorite, 2,300 feet;
tale schist, with various impurities, 1,500 feet. '



LAKE SUPERIOR REGION. _ : 121

In the iron group is a granite dike on Sturgeon River 12 feet wids,
which breaks through the iron ore and jasper at a right angle to the
schist. Over the iron formation, at the Michigamme mine, is found a
conglomerate of jasper and fragments of quartz in an iron and quartz
base. There i1s a discordance between the Laurentian and the Huro-
nian. The Potsdam sandstone rests upon the Huronian and Lauren-
tian unconformably.

Brooxs and PumperLy, % in 1872, maintain that the copper-bearing
rocks of Lake Superior are unconformably below the Lower Silurian
sandstone. This is shown by the fact that the horizontal strata abut
against the steep faces of the cupriferous series on Keweenaw Point,
the latter dipping away from the sandstone at an angle of 60° to 40°.
Also for a long distance between Montreal River and Lake Gogebic
the cupriferous series conform in strike and dip to the Furonian
schists, dipping steeply to the north at an angle of 50° to 70°, while
the Silurian sandstone to the north, in a flat-lying condition, covers
an extensive country. In sec. 13, T. 46 N., R. 41 W., the Silurian
sandstone is found in a nearly horizontal position, while 4 miles dis-
tant the cupriferous series dip to the north at an angle of 50°.

It is concluded that the cupriferous series was formed before the
tilting of the Huronian beds upon which it rests conformably, and
consequently before the elevation of the great Azoic area. After the
elevation of these rocks, and- after they ]md assumed their essential
lithological characters, came the deposition of the Lake Superior
sandstone and its accompanying shales as a product of the erosion of
the older rocks, and containing fossils which show them to belong to
the Lower Silurian.. At several places in the Upper Peninsula of
Michigan a lack of conformity between the Laurentian and the
Huronian has been detected, but when the Huronian and the
Cupriferous are seen in contact there seems to be a well-marked con-
cordance between them. .

Brooxs,*® in 1873, divides the rocks of the Upper Peninsula, in
descending order, into Lower Silurian, Copper-bearing rocks, Iron-
bearing rocks, and Granitic rocks, and gives a systematic account of

the lfxst two, and especially of the economic geology of the iron-
bearing series. The copper-hearing rocks correspond with the Upper
Copper-bearing rocks of the Canadian geologists and occupy a nar-
row belt on the northwestern edge of the Upper Peninsula. This
series includes sandstones which are nearly or quite identical with
the Silurian in appearance, but their great mass is. made up of dif-
ferent varieties of trap, often amygdaloidal, interstratified with beds
of peculiar conglomerates. The layers of these rocks are inclined,
dipping northwest and north toward Lake Superior, from vertical to
as low as 23° on Keweenaw Point. The iron-bearing rocks are
assumed to correspond with the Huronian system of Canada. They
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may have a thickness of 5,000 feet and consist of a series of exten-
sively folded beds of diorite, quartzite, chlorite schists, clay slate,
mica slate, and graphitic shales, among which are intercalated

. extensive beds of several varieties of iron ore. The most abundant
rock is greenstone or diorite, in which the bedding is usually obscure,
but the intercalated schists and slates usually bear strong marks of
stratification. The dips are usually at a high angle and are more apt
to be north or south than any other direction. The granitic rocks
are believed to be the equivalents of the Laurentian of Canada. In
these the bedding indications are still more obscure and often entirely
wanting. Also, if possible, there is more irregularity in strike and
dip than in the Huronian.

A full lithological description of the different phases of rocks
found in the Huronian system, and the various sections at the many
mines in the Upper Peninsula, are given in detail.

The formations of the Huronian system in the Marquette region
comprise nineteen members, numbered from the base upward. I, IT,
IIT, and IV are composed of beds of siliceous ferruginous schist,
alternating with chloritic schists and diorites, the relations of which
have not been fully made out; V is a quartzite, sometimes containing
marble and beds of argillite and novaculite; VI, VILI, and X are

" siliceous ferruginous schists; VII, IX, and XTI are dioritic rocks,
varying much in character; XTII is the bed which contains all the
rich specular and magnetic ore, associated with mixed ore and mag-
nesian schist; XIV is a quartzite, often conglomeratic; XV is argil-
lite or clay slate; XVT is uncertain—it contains some soft hematite ;
XVII is anthophyllitic schist, containing iron and manganese;
XVIII is doubtful ; XIX is mica schist, containing staurolite, anda-
lusite, and garnets. The thickness of the whole Marquette series may

. aggregate 5,000 feet.

The beds appear to be metamorphosed sedimentary strata, having
many folds or corrugations, thereby forming in the Marquette region
an irregular trough or basin, which, commencing on the shore of Lake
Superior, extends west more than 40 miles. The upturned edges
of these rocks are quite irregular in their trend and present numerous
outcrops. While some of the beds present lithological characters so
constant that they can be identified wherever seen, others undergo
great changes. Marble passes into quartzite, which in turn graduates
into novaculite.

Near the junction of the Huronian and Laurentian systems, in the
Marquette region, are several varieties of gneissic rocks, composed
in the main of crystalline feldspar, with glassy quartz and much
chlorite. Intersecting these are beds of hornblendic schist, argillite,
and sometimes chloritic schist. These rocks are entirely beneath all
of the iron beds, seem’ to contain no useful mineral ores, and are
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of uncertain age. No attempt is here made to describe or classify
them.

The diorites, dioritic schists, and related rocks range in structure
from very fine grained or compact (almost aphanitic) to coarsely
granular and crystalline, being sometimes porphyritic in character.
The rock passes on the one hand into a hornblende rock and on the
other into a rock resembling a diorite. It is eminently schistose in
character, splitting easily, and appearing more like chloritic schist
than any other rock. At several points dioritic schists, semi-amygda-
loidal in character, were observed, and in one instance the rock had a
strong resemblance to conglomerate. The bedding of the rocks is
genemlly obscure, and sometimes entirely wanting. It is only by a
full study of the rock in mass and its relations to the adjacent beds
that one becomes convinced, whatever its origin, that it presents in
mass precisely the same phenomenon as regards stratification as do
the accompanying schists and quartzites. Chloritic magnesian schists
are associated with the pure and mixed ores. Oftentimes these mag-
nesian schists several feet in width cut across the stratification, and
are called slate dikes. It is difficult or impossible to draw the line be-
tween these magnesian schists and the dioritic schists. It is suggested
that on the New England-Saginaw range and at the Lake Superior
mine tepid alkaline waters have penetrated the formation and have
dissolved out the greater portion of the siliceous matter, leaving the
iron oxide in a hydrated earthy condition.

At the S. C. Smith mine and along Plumbago Brook is found car-
bonaceous matter. These carbonaceous shales burn white before the
blowpipe and mark paper like a piece of charcoal.

Above the Cascade ore is a bed of coarse conglomerate. The upper
quartzite of Republic Mountain, near its base, is a conglomerate con-
taining large and small fragments of flaggy ore. At the New Eng-
land mine, between the ore und the quartzite is a mass of specular
conglomerate similar to that at Republic Mountain.

The iron-bearing series is unconformably above the older Lauren-
tian rocks. The contact is observed in Plumbago Brook, where a
talcy red rock, unmistakably belonging to the Huronian, dipping at
a low angle to the northwest, is in contact with the Laurentian chlo-
ritic gneiss, which dips at an angle of about 35° SSW. The same
phenomena can be seen near Republic Mountain, where the Huronian
schists strike nearly at right angles to the Laurentian gneiss, only 50
feet distant; both series dipping at high angles, the Laurentian east
of north, and the Huronian about 45° west of north. The non-
conformability is further shown by the fact that the Laurentian
generally abounds in dikes of granite and diorite, which are almost
entirely absent from the Huronian.
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Many details are given as to the Menominee and Felch Mountain
districts. The rocks of these ranges are parallel with those in the
Marquette district. At many places the Silurian rocks unconform-
ably cap the iron-bearing rocks.

The Lake Gogebic and Montreal River iron range is regarded as an
eastern prolongation of the Penokee range of Wisconsin. The north-
ern geological boundary is the south copper range, consisting of
massive and amygdaloidal copper-bearing traps, the bedding of
which is exceedingly obscure, with occasional beds of sandstone and
imperfect conglomerates. The strike of these rocks is east and west,
with a dip to the north at a high angle, thus conforming with the
Huronian rocks underneath. On the south of the iron-bearing rocks
is a series of granites, gneisses, and obscure schists, which are unmis-
takably Laurentian in their lithological character, and they are un-
conformably overlain by the Huronian rocks. The horizontal Lower
Silurian sandstones occupy a broad belt of country north of the cop-
per range. Their actual contact with the highly tilted copper rocks
was not seen, but they show not the slightest evidence of disturbance
within a few miles of these steeply inclined ‘rocks, and are regarded
as unconformably above them. '

PumprrLy,** in 1873, gives a systematic account of the copper-
bearing rocks. These on Keweenaw Point consist of an immense
development of alternating trappean rocks and conglomerates dip-
ping to the northwest at an angle running from 60° to 23°. The red
sandstone and shales of Lake Superior are everywhere nearly hori-
zontal on the south shore of Lake Superior between the Sault Ste.
Marie and Bete Grise Bay. At the western edge of this belt its
nearly horizontal strata abut against the steep face of a wall formed
by the upturned edges of beds of the cupriferous series of melaphyre
and conglomerate, which dip away from the sandstone at angles of
40° to 60°. This sharp line has been explained as due to a fault, the
horizontal sandstone being regarded as of the same age as the con-
formable overlying sandstone of the cupriferous series. One objec-
tion to this explanation is the enormous amount of dislocation re-
quired, amounting to several miles. Again, near Houghton there are
two patches of sandstone lying on the upturned melaphyre beds. In
the horizontal sandstone near the so-called fault are abundant pebbles
of melaphyre and conglomerate of the cupriferous series. But the
most decided facts found by Major Brooks and the author are in the
country between Bad River in Wisconsin and the middle branch of
the Ontonagon, east of Lake Gogebic. Here the quartzites and schists
of the Huronian formation are bordered on the south by the Lauren-
tian gneisses, and are overlain conformably by the bedded melaphyres
and interstratified sandstones of the cupriferous series. Between
these ridges, forming the south mineral range and the main range of
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Keweenaw Point, is the horizontally stratified Silurian sandstone,
forming a generally level country. The conformable cupriferous and
Huronian schists dip to the northward at angles of 50° to 70°, but in
approaching Gogebic Lake from the west the pre-Silurian erosion
has made a deep indentation across the cupriferous series and the -
Huronian, as well as into the Laurentian, so that a short distance west.
of the lake these rocks end in steep and high declivities, at the base
of which lies the level country of the Silurian sandstone. On On-
tonagon River the Silurian sandstone is nearly horizontal, while
about 150 steps from the base of the cliff are outcrops of Laurentian
schists having a dip of 45° to 60° SE. The nearest outcrop of the
cupriferous series is about 4 miles distant, and it strikes nearly east
and west and dips 50° N. The lithology of the copper-bearing rocks
of the Portage Lake district is fully given. The rocks are mela-
phyres and amygdaloids, interstratified with conglomerates. The
paragenesis of the minerals associated with the copper is worked
out. Several detailed cross sections at Portage Lake are given, and
one cross section at the Central mine describing the thickness and
character of the alternating rocks in great detail.

MarviNg,® in 1873, gives in the greatest detail the structure and
lithology of the alternating trappean and detrital beds of the copper-
bearing rocks on the Eagle River section. The correlation of the
Houghton and Keweenaw rocks is fully discussed. The Albany,
Boston, and Allouez conglomerates are regarded as the same bed.
Stratigraphically eleven out of fifteen conglomerates have equivalents
in both the Houghton and the Keweenaw regions. The conglom-
crate beds of Keweenaw Point are not mere local deposits, but are
unusually persistent, and while a bed may thin out and lose its char-
acter as a conglomerate, it may still exist as a mere seam. In one
instance a band extends for at least 50 miles, varying in thickness
from a few to more than 75 feet. It is therefore concluded that the
changes which formed the melaphyres ceased to act over extended
areas during the time of the formation of the sandstones and con-
glomerates. The abundance of acidic rocks among the-conglomerates
was noted, and opposite Calumet the former presence of predominant
quartz porphyry was inferred.

Rominger,*® in 1873, places the Lake Superior sandstone as
Potsdam, finding it directly overlapped by the calciferous formation.
At Presque Isle and Granite Point the horizontal sandstones are
found resting upon the crystalline rocks, there being at the former
place a conglomerate which rests unconformably upon. the dolomite
of Presque Isle. The sandstones on the eastern shore of Keweenaw
Point retain their horizontal position and lithological character to
such a degree that the different strata can be parallelized without
difficulty with those of the more eastern localities. Near the center
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the horizontal sandstones are found abutting against the uplifted
edges of a different rock series, the copper-bearing rocks. The ab-
rupt edges of the strata look to the southeast, and their dip is in the
opposite direction at angles varying from 70° to 40°. The uncon-
formable abutment of the sandstones against the trappean series is
plainly observed at several places near Houghton, on the property
of the Isle Royale Company, near the stamp works of the Calumet
and Hecla mines, on the railroad coming down from the mines to
the stamp works, and on the Sheldon and Columbia property.

RomingEr,* in 1876, describes the red Lake Superior sandstone as
unconformably abutting against or overlapping the trap rock with
horizontally disposed layers. On the western slope of the ridge the
trap rocks are conformably overlain by sandstones, conglomerates,
and slates, the age of which is intermediate between the trap and the
horizontal sandstone, but between all three there are such great
lithological affinities that it is natural to regard them as consecutive
products of one and the same epochs. The absence of trappean rocks
distinguishes the upper division from the lower.

The Huron Mountains are a crystalline granitic and dioritic Lauren-
tian rock series. These granitic rocks are surrounded by a narrow belt
of the horizontal red sandstone of Lake Superior, which abuts uncon-
formably against them. The Huronian rock series, with uplifted beds
alternating with slate rocks, quartzites, diorites, and jaspery strata,
with seams of iron ore, lean unconformably against the granitic series.

Brooxs,*® in 1876, places granite as the youngest Huronian rock
south of Lake Superior. This granite occurs as the uppermost mem-
ber of the Menominee and Penokee series, but in the latter it thins out
and disappears before reaching the Gogebic region. The lithological
character of this granite belt bears a general resemblance to the Lau-
rentian rocks. This granite, from the fact that it does not give off
dikes cutting the copper-bearing series, is believed to be earlier than
the latter. Although there is approximate conformability in strike
and dip, there is probably an unconformity between the copper-bear-
ing rocks and.the Penokee-Gogebic Huronian, as shown by the fact -
that the former series is in contact in different places with various
members of the Huronian. There is also an unconformity between
the Huronian and the Laurentian. ‘

As supporting the view that the pre-Silurian systems are distinct
periods, attention is called to the lithological differences between the
three series, as well as to the intensity of folding to which they have
been subjected. The detrital members of the copper-bearing series
consist of friable sandstone showing no greater metamorphism than
the Silurian, and it is folded only in regular magnificent sweeps, the
same strike and dip continuing in some cases for about 150 miles. The
Huronian series consists of greenstones, various schists, clay slates,
quartzites, marbles, with gneisses and granites containing no copper,
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and having conformable beds of the various oxides of iron, and is
everywhere sharply folded into narrow troughs and irregular basins
trending in every direction. The Laurentian is still more plicated and
metamorphosed, the stratification often being entirely obliterated.
Whether the Laurentian rocks can be separated into two or more non-
conformable systems, as in Canada, no opinion is ventured. Since
Keweenaw Peninsula is a striking geographical feature in Lake Supe-
rior, and is the locality where the copper-bearing series is best ex-
posed, the name Keweenawian is suggested for this period.

Brooxs,® in 1876, gives a list of the rocks of the Huronian series in
vhe order of their abundance and as they occur in stratigraphical suc-
cession in the Marquette, Menominee, Penokee, and Gogebic series.
Lithologically the rocks are divided into (1) fragmental rocks, exclu-
sive of limestone; (2) metamorphic rocks not calcareous; (3) calca-
reous rocks; (4) igneous rocks.

The fragmental rocks include quartz conglomerates, which oceur in
the middle horizon, in both the Marquette and the Menominee and in
the latter at the base of the series, where it holds pebbles of granite,
gneiss, and quartz. In the metamorphic rocks not calcareous are in-
cluded many varieties; the mica-bearing series includes granite, sye-
nite, gneiss, mica schists, hornblende schists, mica slates, clay slates,
diorites, diabases, quartzites, siliceous schists, chert and jasper rocks,
iron ores, as well as many others. Among the eruptive rocks is a feld-
spathic series, including granite dikes; hornblendic and pyroxenic
series, including diabase and similar rocks; and hydrous magnesian
schistose rocks which are found in dikelike forms crossing the quartz-
itas, iron ores, and greenstones.

The succession'in the Marquette region from the base upward is (a)
syenite, diorite, diabase, hornblende schists, slates, conglomeratic
quartzites, and various quartzose iron ores; (b) quartzite graduating
into protogine and containing interstratified beds of dolomitic mar-
ble; (¢) ferruginous quartzose schist; (&) hornblendic rocks with
greenstones; (¢) ferruginous quartzose flags, clay slates, and quartz-
ites; (f) hornblendic rock related to diorite and diabase; (g¢) sili-
ceous hematitic and limonitic schistose ores; (A) diorite, hornblende
schist, and chlorite schist; (¢) arenaceous quartz schist, banded with
micaceous iron and quartzose limonitic ore; (7) pure specular hema-
tite and magnetite, with banded jaspery schists and interstratified
beds of chloritic and hydromica schist; (%) an arenaceous quartzite, .

" often semischistose and conglomeratic; (Z) argillaceous slate; (m)
quartz schists; (n) anthophyllitic schist; (¢) mica schist. Similar
- successions are given in the other regions mentioned and correlated
with that in the Marquette region, and all of these successions are
compared and correlated with Logan’s succession in Canada.
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The Huronian in the Marquette, Menominee, and Gogebic regions
is nonconformable with the Laurentian.

PumpeLLY,* in 1878, describes Lake Superior as divided into two
distinct basins by Keweenaw Point, the western basin being a geosyn-
clinal trough. The southeastern lip of this trough consists of an im-
mense development of volcanic rocks in the form of great beds and
flows associated with conglomerates and sandstones, both of which
consist essentially of porphyry detritus. This Keweenaw series is
more nearly conformable with the underlying highly tilted Huronian
schists' than with the Potsdam sandstone. The prominent eruptive
rocks of the Keweenaw series fall under the two heads, diabase and
melaphyre. The changes which have taken place in the interior of
the rock masses since eruption, that is, the metasomatic development
of these rocks, is traced out in great detail.

WricHT,* in 1879, describes the Laurentian series as consisting of
coarsely crystalline massive granites, passing into gneissoid rocks, and
these graduating into mica schists, and the latter even as impercepti-
bly into slates. The Laurentian granite is regarded as a metamorphic
sedimentary rock, because the quartz grains contain cavities filled
with liquid, while igneous granites never contain such cavities, but
rather those filled with glass or stone. The Lower Huronian strata
have been chiefly derived from the ruins of the Laurentian rocks.
The nonconformity between the Laurentian and Huronian may be
seen at Penokee Gap. Here the dip of the gneissoid granite is about
70° S., while the plainly bedded Huronian strata in direct contact
have a dip of 65° N. At the Macomber mine, near Negaunee, is found
a bed of manganiferous hematitic shale bearing the impression of
some fossil which Brush, Verrill, Dana, and Smith pronounce to be-
long to the lower forms of life. The Lower Silurian sandstone about
the city of Marquette is nearly horizontally bedded, and rests uncon-
formably on and against the Huronian.

Brooxs and WricHT, in 1880, discuss the geology of the Menominee
iron region in Wisconsin. See section 2, Wisconsin, pages 188-190.

WabpswortrH,** in 1880, gives notes on the geology of the iron and
copper districts of Lake Superior. 'The contacts of the jasper and ore,
which are interlaminated and have a common origin with the asso-
ciated schists, are described, and at numerous points the contacts are
found to be those of eruptive and sedimentary. The schistose struc-
" ture is regular, while the jasper and ore is exceedingly contorted,
breaks across the schistose and other rocks, and contains fragments of
the schists. Not the slightest sign of plasticity or intrusion .of the
schists relative to the ore and jasper wasseen. The present lamination
of the schists existed prior to the intrusion of the ore. At the

School-house, New York, and Jackson mines the overlying rock con-
tains. débris of the underlying ore and jasper. The diorites, felsites,
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and diabases are intrusive rocks. The soft hematites differ from the
hard ore and jasper only in that they have been leached by thermal
waters and changed to their soft condition. -The granite is found at
numerous points to cut the schists and gneisses. At several places,
also, it cuts a quartzite, one of which resembles the ordinary Huronian
quartzite. The crystalline rocks of Presque Isle are peridotite and
serpentine which has resulted from the alteration of the peridotite.

The only evidence that the Huronian unconformably overlies the
Laurentian is the fact that the foliation of the latter does not conform
in its dip to that of the former. However, no point was found in
which it was possible to trace the rock continuously from well-marked
and mapped Laurentian into the Huronian. The general structure
_ of the iron region seems to be as follows: The schists and sandstones
were laid down in the usual way, and were then disturbed by the
eruption of the jasper and ore. Much of the original rock still re-
mained horizontal, and new sedimentary deposits continued to be
formed out of the jasper and other rocks. Next came the eruption
of the diorite, which completed most of the local folding and tilting
of the strata. Finally the granite eruption took place on both sides
of the Huronian, uplifting and contorting the strata near it, and
perhaps laterally compressing the inclosed iron-bearing rocks.

The conclusion reached by Foster, Whitney, and Marvine that the
traps and lava flows were successively laid down one upon the other,
and covered by sandstones and conglomerates, is agreed with. The
sandstones and conglomerates when overlain by traps are usually
baked and indurated. At the Douglass Houghton ravine and Hun-
garian River the Eastern sandstone, which it has been maintained
rests against the trap and sandstone series unconformably, is found
interlaminated with the melaphyres, and this settles the long-disputed
question of the relative age of the traps and Eastern sandstone of
Lake Superior. The last melaphyre sheet which underlies the sand-
stone has a dip to the northwest of 20°. As the Douglass Houghton
ravine is followed downward the dip, although still to the northwest,
gradually declines in steepness, the last dip measured being 5°. The
junction between the Eastern sandstone and the trap, described by
Agassiz and Pumpelly, is not the junction at all, it being some dis-
tance below instead of at the falls. In the Torch Lake sandstone
quarry the sandstone layers, instead of being horizontal, as they have
been regarded, have a dip of 15°, the former supposed bedding being
due to joints. As the Eastern sandstone conformably underlies the
traps, the Eastern and Western sandstones and the traps lying be-
tween them are of the same geological age. '

RoMINGER,*® in 1881, gives a general account of the Marquette and
Menominee iron region, with very voluminous details as to particular
localities.

55721—Bull, 360—09——9
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Marquette region.—In general remarks on the geology of the Mar-
quette district the succession is said. to be: (1) Granitic group, (2)
Dioritic group, (3) Quartzite group, (4) Iron group, (5) Arenaceous
Slate group, (6) Mica schist group, and (7) Serpentine group; but
later it is seen that the Quartzite group reposes upon the Iron group,
so that the order of 3 and 4 is reversed. The Silurian sandstones
rest horizontally on the other rock formations and frequently contain
fragments of the underlying formations.. The crystalline granitic
‘masses are directly confined to the northern and southern limits of
the Marquette district. The dip of the strata on the south side of
the trough is usually to the north, and on the north side to the south,
so that we may consider this area as a synclinal caused by the up-
heaval of its northern and southern margins. The granitic and sedi-
mentary rock masses are traversed by rock belts of a crystalline char-
acter, which represent lava streams intruded at different periods.

In the Granitic group the granites are found interstratified with
the Huronian schists of the Dioritic group. The granites are usually
middling coarse grained and in the main are massive, although dis-
tinct gneissoid rocks have a limited occurrence. Besides the dioritic
dikes there are in the granites crystalline nonstratified masses resem-
bling eruptive dikes. In several instances granite dikes show a lam-
inar arrangement of the mica scales. Also syenites are associated
with the ordinary granites. The hornblende rocks associated with
the granites are distinguished from those occupying a higher position
in the series by the brighter luster of the hornblende crystals. Dio-
ritic rocks occur interstratified with the granites, which are probably
of the same origin as the volcanic eruptives. In the Laurentian rocks
no limestones, layers of quartzite, nor beds of iron ore are found.
The granitic rocks in their present position are actually the younger
rocks, as shown by the intrusion of large masses of granite between
_the stratified sediments of the Dioritic group.

The Dioritic group is regarded as remelted, completely metamor-
phosed Huronian sediments, their more crystalline character being
due to their closer proximity to the volcanic forces. The rocks of the
Dioritic group include a large succession of schistose beds of uniform
character, interstratified with massive diorite. In the dioritic rock
chlorite frequently replaces the hornblende and often seems to be a
product of its decomposition. The massive diorites are usually con-
formably bedded with the schists, and often insensible gradations
~ from the schistose conditions to the massive diorite can be seen. The
exposures of massive diorite generally form a nucleus around which
the inclosing rock masses are arranged concentrically with a more
perfect schistose structure. 1In the Dioritic group are conglomerates.
One variety is well exposed at Deer Lake furnace, where the pebbles
are of a feldspathic substance which on fresh fracture contrasts little
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with the surrounding schistose mass. Also extensive conglomeratic
masses are found full of granite pebbles of large size in sec. 2, T. 48
N, R. 26 W, and in sec. 29, T. 48 N., R. 25- W. In opposition to
Brooks it is maintained that there is but one Iron-group.formation.

The Quartzite group is in places interstratified with ferruginous
and siliceous seams, as well as novaculitic strata and siliceous lime-
stones. Frequently in the quartzite is a conglomerate containing
abundant quartz fragments, and also not infrequently containing
granite and slate fragments. Oftentimes these conglomerates contain-
ing the granite fragments are very close to the massive granite, while
it not infrequently underlies them. At one place in which the quartz-
ite is in contact with the granite the one rock is seen to graduate by
imperceptible stages into the other, in which case the sedimentary
strata are changed into the granite-like rock by being exposed to the
contact with the eruptive granite. In another place a granite breccia
containing large fragments of granite is found in connection with
such large masses of granite as to be too great to be fragments of a
Lreccia, and this suggests that the nucleus of the hills are solid gran-
ites, whose shattered portions are recemented on the spot by sedi-
mentary débris washed into the interstices. In the next hill to the
south the inclosed water-worn pebbles are in part granite and in part
slate. Above the ore-bearing rock beds is generally a very coarse
quartzite conglomerate which often has the characters of a coarse-
grained ferruginous quartzite and grades down into a brecciated ore.
The fragments are chiefly ore, jasper, and quartz, and the cement is
arenaceous or ferruginous. This occurrence is so general as to sug-
gest that great disturbances not of a local extent must have occurred
at the end of the era of iron sediments. The number of localities and
mines at which this conglomerate or breccia occurs is very great.
" Among the latter are the Home, Gibbon, Jackson, Cleveland, Cas-
cade, Gribben, Salisbury, Lake Superior, Champion, Saginaw and
Goodrich, Keystone, Republic, and Michigamme.

The Iron group occupies a position inferior to the Quartzite group,
and there are not two horizons here, as supposed by Brooks. It is
composed of banded jasper, conformable chlorite schist, and ore. The
ore deposits are not regular sedimentary layers, but the product of the
decomposition of the impure ledges by percolating waters leaching
out the siliceous matter and replacing it with iron oxide, and are
therefore very irregular in form. The strata are in a much disturbed
condition, folded and distorted in every possible way, usually without
faults. These disturbed beds lie in every instance directly, but often
unconformably, on chloritic or hydromicaceous schists, or on crystal-
line dioritic masses, which are constant associates of the chlorite
schists, or on dioritic schists. At the Jackson mine are knobs of
digrite associated with schists surrounded by the banded jasper rocks,

v
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which are evidently corrugated by the intrusion of this mass. In
places the ore-bearing formation is not found incumbent on the Dio-
ritic group. At Teal Lake the quartzite is found under the ore and
the diorite over the ore, which leads to the conclusion that these strata
are in an overturned po<51t10n

The Arenaceous slate group, of O'I‘e‘lt thickness, is so desmnated
because a large portion of the rocks here included consist of sandy
siliceous layers, alternating with slaty argillitic rock beds and occa-
sionally with compact quartzite. The strata in different localities
often differ considerably. The rocks of this group are incumbent
on the quartzite formation, but also sometimes rest upon the ore-
bearing rocks, and often are found.in direct contact with the dioritic
series. The rocks are sometimes conglomeratic or brecciated, the
fragments consisting of different kinds of rocks. In the black roof-
ing slates of Huron Bay the cleavage is discordant with the bedding.
Occupying a position above the black slates are the ore deposits of
the Taylor mine, near I’Anse, and of the Northampton and D’Alaby,
- north of Champion; also the S. C. Smith and other mines. These ores
are contemporaneous and equivalent to that of the Commonwealth
in the Menominee district.

The Mica schist group is found exposed for the most part about
Michigamme village. The Serpentine group includes the rocks of
Presque Isle and those of similar class. The Silurian sand rock re-
poses unconformably upon the Serpentine formation at Presque Isle.
Besides the serpentine and other magnesian silicates, hmestone com-
prises an 1mportant share of this group.

The seven previous groups, considered to be a succession of sedi-
mentary strata, are intersected by various dikes, among which are a
dioritic rock and dolerite dikes, the latter of which are later in age
than the former. No proof has been found of any discordance be-
{ween the granites of Marquette and the adjoining Huronian beds.
On the contrary, outcrops of the two kinds of rocks exhibit a remark-
able parallelism in strike and dip, and in many localities the Hu-
ronian schists and belts of granite are interlaminated in perfect con-
formity. The granite is, however, regarded as intrusive masses.
The granites are therefore, with reference to the stratified sedimen-
tary rocks, actmlly the younger rock.

Menominee region—Many localities and sections in the Menomi-
nee iron region are described in detail. The Silurian sandstone is
found to rest unconformably upon the nearly vertical Huronian
strata. Near Sturgeon River Falls, in the river, the quartzite forma-
tion reposes unconformably on the granite. Thick layers of lime-
stone are found in the series, and this is sometimes conglomeratic.
The fissile phyllite schists are found in discordance with the dioritic
schists at Lake Hanbury. The granitic and gneissic rocks south and-
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nerth of the Felch Mountain ore formation are found to be absolutely %
identical. The dioritic rocks are found generally and play the part

of an intrusive with regard to the strictly sedimentary rock beds of
the Huronian series. The Dioritic group is held to be older than the
Iron group because it exhibits a greater degree of metamorphism

- and on the ground that it is lithologically like the equivalent
Dioritic group of the Marquette district. It has evidently been trans-
formed under the cooperation of heat and partially brought into a
plastic condition.

In the eastern part of the Menominee region the rocks found com-
prise, in descending order, the Lake Hanbury slate group, perhaps
2,000 feet in thickness; the Quinnesec ore formation, which comprises
micaceous and argillitic strata containing ore bodies, not less than
1,000 feet thick, and the Norway limestone belt, at least 1,000 feet
thick. The Commonwealth mine, in the western part of the Menom-
inee district, represents a. higher horizon than the Quinnesec ore
formation. '

RomiNcer,** in a report of the Michigan Survey for 1881 to 1884
(published in 1895), further discusses the complex described in the
- former volume as the Huronian system. The lower granite and
gneissoid portion of the rock groups in the Marquette region ex-
hibits the characters of an eruptive and not of an altered sedimentary
rock. Generally a solid crust of granite probably served as a sub-
stratum on which the Huronian sediments were laid down, but an
opportunity is not often afforded to see the rocks in contiguity well
enough exposed to allow a discrimination as to whether such contact
is an original primary one or resulted from dislocation. The exist-
ence of granite as a surface rock at the time the Huronian sedi-
ments formed is proved by the occurrence of belts of granite, con-
glomerate, and breccia in different horizons of the series.

A large belt of conglomerate, formed of rounded weather-worn
granite pebbles and schistose rock fragments, cemented by a matrix
of similar schistose material, is seen in contact with a granite belt in
the south half of sec. 2, T. 48 N, R. 26 W.; in the SE. } sec. 22, T.
47 N,, R. 26 W.; and in the north half of sec. 29, T. 48 N., R. 25 W.
In the first of these localities the fragments are different from the
underlying granite. The second locality furnishes a better proof of
the deposition of Huronian sediments on a base of granite. Here
several knobs centrally composed of massive granite are surrounded
by a mantle of coarse granite breccia, with a well-laminated quart-
zose material as a cement. This breccia is conformably succeeded
by hydromica slates, interlaminated with heavy belts of compact
quartzite. At the third locality granite conglomerate is interlami-
nated with dioritic schists, but is remote from granite outecrops. The
gradation of the quartzite formation into the granite, described in the.
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previous report as occurring in the north part of T. 47 N., R. 25 W,
is now considered as a recemented mixture of granite fragments
mingled with arenaceous material, although it is singular that the
orthoclase crystals copiously found in the mass have all sharp outlines
and are rather fresh.

The upheaval of the granite and its intrusion into the overlying
strata occurred in all probability near the termination of the Huronian
period, as we find the granite in contact with all the Huronian strata
up to the youngest, and these always in a dislocated position. In-
trusive belts of granite are usually never found to intersect beds
higher than the Iron group, except in the country north of the
Penokee range in ‘Wisconsin and in the vicinity of Duluth, Minn.,
where granite or granite-like rocks cut across eruptive belts of
gabbro which are themselves more recent than any of the sedimentary
strata’ of the Huronian. These granites differ from the ordinary
granites at the base of the Huronian, and are most likely younger.
The dislocation of the Huronian beds is not exclusively due to the
upheaval and intrusion of the granite, but has been caused in part
by diorite and diabase intrusives which intersect the granite as well

.as the incumbent beds. The diorites intersecting the granite are
1dentical with similar rocks interstratified with the schists of the
“Huronian group conformably or transversely intersecting them, and
they therefore represent one and the same volcanic injection. From
the massive forms of diorite a gradation exists into a schistose con-
dition. This led to the conclusion in the former report that the
massive diorites had suffered secondary fusion; but as the author is
now convinced that schistose structure is not necessarily the result of
aqueous sedimentation, it is concluded that the Dioritic group does
not belong in the sedimentary succession. Dolerite or diabase rocks
intersect in dikelike form all the Huronian rocks, as well as the
granites. As they are like those of the copper-bearing series, these
. rocks, as well as the contemporaneous flows, are regarded as belonging

_to the same geological period. In the Felch Mountain region one .

dike (15 or 16 feet in thickness) of holocrystalline granite cuts across
the iron-bearing series. In sec. 33, T. 42 N., R. 28 W., another granite
dike cuts through the iron-bearing rocks.

Above the Iron group of the Marquette and Menominee districts,
before described, are found at many localities in both these regions
important ‘deposits of iron which belong in the Arenaceous Slate
group. There are, therefore, two iron horizons instead of one, as
before supposed. The Mica schist formation, supposed to belong
above the Arenaceous Slate group, is found to dip conformably below
it in some places, and therefore is really a part of the Arenaceous Slate
group, and is believed to represent its middle horizon. The slate
group about I’Anse and Huron Bay is black and often graphitic.
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The slate beds at Plumbago Brook are succeeded by schistose beds
richer in red feldspar and containing little quartz, which mlght by
superficial examination be mistaken f01 granite, but which is evi-
dently a fragmental rock formed by the detritus of the granite, which
near by forms large mountain masses, and the granite of which is
very rich in red feldspar and contains comparatively little quartz.
The Gogebic region is described and the rocks are divided into
granitic, dioritic, iron-ore, and upper slate groups, which are analo-
gous to the similar groups in the Marquette country. Granite seams
were found here cutting across the dioritic schists, but were not found
to cut the truly sedimentary strata. Locally, in contiguity with the
granite, are heavy quartzite strata which are often conglomeratic,
and are filled with rounded granite pebbles. The dioritic rocks above
the granite often have a brecciated or conglomeratic structure, the

fragments being various kinds of diorite cemented by the same ma-.

terial. The diorite is of eruptive character, as is shown by the occur-
rence of belts of it cutting transversely through the ore-bearing series.

Limestones are also found, which oceupy the same position as the.

limestones below the ore-bearing strata in the Menominee district.

The succession in Felch Mountain, from the base upward, is (1)
granitic or dioritic rocks, (2) quartzite beds, (3) fissile quartz schists,
(4) micaceous argillite, (5) crystalline limestone with siliceous seams,
(6) ferruginous quartzites, containing the ore beds.”

WabsworT,* in 1884, as a result of an examination of a supposed

fossil from the copper-bearing rocks of Lake Superior, described by
Hall as being very like.the Huronia or siphuncles of Orthoceratites,
finds it to be of inorganic origin, having probably been formed by the
flowing of a pasty lava in such a manner as to raise a series of ridges,
giving an s appearance closely like that of some cephalopods. The in-
terior of the specimens is in all respects like that of an ordinary
volcanic rock.

Irvize and CEHAMBERLIN, in 1885, give a systematic account of
the junction between the Eastern sandstone and the Keweenaw series
on Keweenaw Point. Detailed descriptions are given of the relations
of the two series at Bete Grise Bay, the Wall ravine, the St. Louis
ravine, the Douglass Houghton ravine, Torch Lake quarry, the Hun-
garian ravine, and other points. The conclusions, and the grounds
upon which they are based, of Jackson, Foster and Whitney, Agassiz,
Rominger, Credner, and those who have followed them, are discussed
in detall

At Bete Grise Bay the horizontal. sandstone is found upon .ap-
proaching the melaphyre to become tilted upward,.and along the
junction is found the evidence of faulting, both in the fluccan of the
sandstone and in the broken character of the melaphyre at the con-
tact. At the Wall ravine the sandstone and conglomerate bearing
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fragments of the porphyry conglomerate, with which rock the con-
tact here occurs, are found to dip at a considerable angle away from
the eruptive rock and to rest directly upon it. At the St. Louis ra-
vine the sandstone is found, upon approaching the Keweenaw series,
to become rapidly tilted upward, and before reaching the Kewee-
nawan rocks to become vertical, while the interstratified eruptives and
detrital rocks of the IXeweenaw series dip away from the sandstone.
At the Douglass Houghton ravine the horizontal sandstone is found,
upon approaching the Keweenaw series, to become bent into a series
of folds and to dip downward under the. traps and porphyries, which
dip at a steeper angle in the same direction. Along the contact the
trap is shattered. At the Torch Lake qudrry the sandstone is found
to be in a horizontal position, there being found no evidence what-
ever that this structure is jointing or that the real dip has an inclina-
tion, as described by Wadsworth. The crystal outlined grains of
sand here contained are found to be produced by secondary growth
rather than crystals derived from quartz porphyry. At the Hun-
garian ravine the relations are much the same as those at the Doug-
lass Houghton ravine, except that the Keweenawan diabase is inter-
stratified with conglomerate instead of quartz porphyry. Along the
contact the sandstone is broken.

In getting at an explanation of the facts there must be taken 1nto
account the bedded nature of the. Keweenaw series; the uniformity
and steadiness of dip; the enormous thickness of the Keweenaw series;
the general horizontality of the Eastern sandstone; the quartzose
character of the Potsdam sands in distinction to the silicate nature of
the Keweenawan sands; the mutual relations and distribution of the
two series; the relations to topography ; the relations of the two series
to drainage; the comparative straightness, but with gentle undula-
tions, of the junction line throughout its course of nearly 100 miles;
the coincidence of the line of escarpment with the line of junction of
the two series; the disturbance along the line of contact; the special
character of the distortions; the character of the junctien; the junc-
tion débris; the irregular and broken contact facies of the two series;
the fact that the contact occurs between the Eastern sandstone and
different members of the Keweenaw series; the discordance of strike;
the derivation. of the pebbles of the Eastern sandstone from the
Keweenaw series; the distribution of the pebbles, those of the Kewee-
naw series being found only near the immediate junction; the imper-
fect assortment of the pebbles and matrix near the junction; the angu-
larity of the pebbles at this place; the absence of large fallen masses
of trap in the Eastern sandstone; and the proximity and relations of
the Trenton limestone, resting as it does upon the Iastern sandstone
within a short distance. These specifications are taken to point with
distinctness to the conclusion that the Keweenaw series is much older. -
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than the Eastern Potsdam sandstone; that it was upturned, faulted
along the escarpment, and much eroded before the deposition of the
Eastern sandstone; that the latter was laid down unconformably
against and upon the former, and that subsequent minor faulting along
the old line ensued, disturbing the contact edge of the sandstone.

Fuvrron,*” in 1888, describes the Huronian rocks of the eastern Me-
nominee region as consisting of three formations. The basal forma-
tion is a crystalline siliceous limestone at least 1,200 feet thick, which
outcrops at many localities along the range, especially north of the
Norway, Quinnesec, and Chapin mines. The next group, estimated
at a thousand feet in thickness, is the Quinnesec ore formation. It
consists of siliceous or jasper slates, largely impregnated with iron
oxides. These are succeeded by argillaceous hydromica slates and
flesh-colored slates. This formation embraces the deposits of iron
ore. The third formation is a series of dark-gray, slaty, or schistose
rocks, with occasional quartzose bands, having a thickness of 2,000
feet, and is called the Lake Hanbury slate group. Detailed sections
at the East Vulcan, Curry, Norway, Cyclops, and Quinnesec mines
are described. In some cases the ore is associated with the Potsdam
sandstone, which rests unconformably in a horizontal position upon
the flexed and denuded Huronian rocks. The iron-ore beds in the
Huronian are generally associated with aluminous slates or soap-
stones.

Wincuerr (N. H.),* in 1888, describes the conglomerate overlying’
the ore and jasper formation at several mines in the Marquette dis-
trict, and places the overlying quartzite in the Potsdam. North of
Bessemer is a basal conglomerate of the cupriferous series which is in-
ferred to lie unconformably upon the Gogebic iron-bearing rock.
This conglomerate appears to be the equivalent of the overlying Pots-
dam conglomerate of the Marquette region, which makes the Gogebic
series pre-Potsdam. The granite underlying the Huronian slates at
the Aurora mine was originally a conglomerate, but it has acted the
role of an eruptive rock and has flowed over the adjoining sedimen-
tary strata. This granitic conglomerate is parallelized with the
Ogishki ‘conglomerate of Minnesota, and the overlying sedimentary
rocks are the equivalent of the Animikie.

WincueLL (ALEXANDER),* in 1888, finds the Marquette iron-bearing
rocks to have the same geological position with respect to the crystal-
line schists and gneisses, and to consist of sediments of the same char-
acter, as those of the Vermilion range. At Deer Lake furnace is a
peculiar conglomeratic rock which appears to be sedimentary, but is
much altered and has a quasi-eruptive aspect. This conglomerate is
like that of Stuntz Island, in Vermilion Lake. Near Negaunee is an
argillite which has a lower dip than a greenish chloritic' quartzose
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rock across a railroad from 1t and the two are therefore uncon-
formable.

The rocks of Marquette are older than the Huronian, because they
differ from them lithologically; because the Canadian Huronian is
immediately succeeded by the Paleozoic system, while the Marquette
strata are rot; because some evidences are found that in .the Mar-
quette district there is an overlying unconformable sub-Paleozoic sys-
tem, and because the Marquette series, being the equivalent of the
Vernnhon is older than the Animikie slates, which are the equivalent
of the Huronian. »

The rocks of the Gogeblc range are regarded as the equivalent of
those of the Marquette region because they resemble them lithologic-
ally and because they are in an analogous position to the crysta.lline
rocks. Between the Penokee series and the underlying schists there
is a marked unconformity, the Penokee rocks dipping to the north,
while the hornblende schists dip to the south. The Penokee series

strata are lithologically unlike the ore-bearing strata of the Gogebic,

Marquette, and Vermilion regions, but resemble those of the Animikie
series and are therefore perhaps Huronian, while the Gogebic iron-
bearing strata are not. )

Megrranm,® in 1888 and 1889, in a detailed systematic study of parts
of the Marquette district, ascertained that about many of the masses
of basic eruptives the clastic rocks bow in a quaquaversal manner, in-
dicating that many of the diabases, gabbros, and diorites are intrusive
subsequent to the formation of the Marquette series, and that the
local strikes and dips are often due to this cause.

Van Hisg,” in 1890, examined the rock succession at Iron Moun-
tain, Michigan. Overlying the ore formation of the Ludington and
Chapin mines is a conglomerate which bears fragments of ore and
jaspex:. It therefore appears that after this material reached its pres-
ent condition in the ore-bearing seriés it was eroded and furnished
‘débris for a newer series.

WiLLianms,* in 1890, as a result of an extended examination of the
field relations and microscopical characters of the widespread green-
stones, greenstone schists, and agglomerates of the Marquette and
Menominee districts, concludes that they are all of eruptive origin.
This conclusion is reached from a consideration of the field evidence,

the schistose phases being frequently traced by continuous gradations
into massive forms, and of the microscopical evidence, these unal-

tered forms having all the characteristics of eruptive rocks. The
original rock types were rather numerous, including gabbro, diabase,
diabase porphyry, melaphyre, diorite, diorite porphyry, and tuffs.
These rocks have been compressed, faulted, and crushed, as a result of

PN,
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which, combined with metqsonntlc ch'mcres, their present condition
is produced.

Wapswortr,*® in 1890, gives a creneral account of the geology of
the Marquette and Keweenaw districts based upon his own and other
works. The Azoic system includes fragmental and eruptive rocks.
Among the former are various argillites and schists of the Marquette
district. Among the eruptive rocks are placed the jaspilites and their
associated ores, with the exception of certain soft iron ores of chemical
origin. The Keweenawan_is again placed as a part of the Potsdam,
since the first lava flow found on Keweenaw Point flowed over the
Eastern sandstone. Subsequently there has been a fault line or fis-
sure running near the contact of the sandstones and lavas. This
fault is regarded as normal, and it accounts for the fact that some-
times the lavas and sometimes the associated conglomerates are

brought in contact with the Eastern sandstone along the fault line.
IrviNg,** in 1890, discusses the field relations of the greenstones and
greenstone schists of the Marquette and Menominee districts. A field
study of these rocks, heretofore generally considered sedimentary, led
to the conclusion that they are largely of eruptive origin, and the
detailed study of Williams has shown this conclusively. In the Mar-
quette district the line of demarcation between the schists and the
~ granites is not a sharp one, the granites intricately intruding the
schists, often in such a manner as to render it certain that the granite
is the later rock. Also the basic dikes which cut the greenstone schists
are of wholly subsequent date to the schists themselves, and are equiv-
alent in age to those which have intruded the overlying detrital iron-
bearing series. On the other hand, it is conc¢luded that the greenstone
schlsts themselves do not belong within the same ﬂeolomcml period
as that which holds the remfunder of the stlatlfonn rocks of the
region; that is, the greenstone schists are placed along with the-
granites and gneisses to form the basement upon which the overlying
detrital iron-bearing series was horizontally and unconformably
spread. This is shown by the fact that at a number of points the
detrital beds which form the basement member of the iron-bearing
series proper bear numerous waterworn fragments of the granite
when in contact with that rock, and fragments of the greenstone
schists when in contact with those rocks. "In some cases the basal
quartzite appears to grade into the granite, but a study of this quartzite’
in the thin section shows its completely fragmental character. These
" contacts or basal conglomerates are described in secs. 1, 2, 3, 4, 5, T.
47 N, R. 25 W.; in secs. 21 and 22, T. 47 N, R. 26 W.; in sec. 29, T.
48 N., R. 25 W.; in sec. 20, T. 48 N., R. 27 W.; in sec. 17, T. 48 N,
R. 26 W.; in sec. 21, T. 48 N, R. 27 W.; and at various points in
T. 49 N., R. 28 W, all in Michigan.
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From these occurrences it does not appear possible to escape the

conclusion that the greenstone schists, together with the granite, are
greatly older than the detrital rocks, and before the latter were
formed had already suffered distirbance and deep denudation. This
is certainly true if the underlying rocks are fragmental, and the con-
clusion can not be escaped if they are eruptive, for both the green-
stone schists and the gneissoid granite must have received their schis-
tosity before yielding the fragments; and, moreover, their character’
is such that it is generally believed that they must have crystallized
in depth, and must therefore have had removed from them great
masses of material before yielding the discovered fragments to wave
action. There are evidently granitic rocks of two ages in the Mar-
quette district, because dikes of a fine-grained reddish granite fre-
quently cut the other granite. This later granite, of relatively small
extent compared with the main masses, may perhaps have been later
in time of formation than the detrital rocks themselves, as indicated
by the presence of rare quartz porphyry dikes and rare granitic dikes
in the Felch Mountain dlstrlct intersecting a ferruginous schist of the
iron-bearing series.
" The above conclusions are fulther confirmed by the fact that the
later greenstones interstratified with sedimentary layers, as shown by
Williams, are precisely like the corresponding dikes in the green-
stone schist area, which were evidently intruded subsequent to the
production of a schistosity. Also the schistosity of the greenstone
schists corresponds at times with the bedded structure of the iron
series, while at other times there is no'such, correspondence. A similar
examination of the facts in the Menominee district leads to identical
conclusions; that is, that the granite both south and north of the iron-
bearing series and the associated green schists and gneisses constitute
a complex upon which the newer series was deposited.

Irvine and Van Hise,” in 1890 and 1892, give a detailed descrip-
tion of the Penokee series of Michigan and Wisconsin, of the complex
of rocks south of this series, and discuss the relations which the Pen-
okee rocks bear to the underlying and overlying series, as well as to
the Kastern sandstone.

South of the Penokee series is the Southern Complex, an area of
fine-grained green hornblende schists and mica schists, gneisses, and
granites. There is often no proper contact between the granite,
_ gneiss, and schist, but an apparent gradation through a .consider-
able distance from one to the other, while the granite often also
cuts the schist, playing the part of a later intrusive. Distant from
the lines of contact the schists occupy considerable areas. In none of
these rocks is discovered any evidence of clastic origin. If the mas-
sive granites and syenites are regarded as eruptive, it must be con-
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cluded that many of the schists also have a like origin, because of the
gradations between them. .

The Penokee series proper is made up of three members, Quartz
slate, Iron ‘group, and Upper slate, and these rest unconformably
upon a Cherty limestone member.

The Cherty-limestone below the base of the Penokee series proper
varies in thickness from nothing to 300 feet and is not continuous.
This member as a whole shows no evidence of mechanical origin,
although occasionally a small amount of detrital material is found in
it. It is regarded as either a chemical or an organic sediment, and is

called the Lower Penokee formation.

"~ The Quartz slate member, resting upon the Cherty limestone or
upon the Southern Complex, is a continuous persistent layer of very
constant thickness for many miles. It is for the most part in the
neighborhood of 450 feet thick, although at one locality it reached
800 feet in thickness. . The.rocks of which it is composed comprise
feldspathic quartz slates, biotitic and chloritic quartz slates, and
vitreous quartzite, the latter being a persistent phase at the upper-
most horizon. All these rocks are plainly fragmental and for the
most part little altered, although occasionally by metasomatic changes
they have become semicrystalline. The lowest horizon of the Quartz
slate in the Penokee series proper was found at times to be a vitreous
quartzite and at other times to be a conglomerate. The débris of this
conglomerate is usually derived chiefly from the Southern Complex,
but at several localities contains a large quantity of chert from the
Cherty limestone member, and also includes a considerable amount of
red jasper pebbles, and occasionally contains pebbles of white vitreous
quartzite. ,

The next overlying formation is the Iron-bearing member, which is
longitudinally coextensive with the underlying Quartz slate. The
thickness of this formation is surprisingly uniform, varying for the
most part between 800 and 1,000 feet, although at its eastern extremity
it apparently becomes thicker. The main phases of rocks here in-
cluded are slaty and cherty iron carbonates, ferruginous slates and
cherts, and actinolitic and magnetitic slates, none of which show any
evidence of being of mechanical origin. The original form of the
entire formation is taken to be an impure cherty iron carbonate, also
bearing magnesium and calcium carbonate. TFrom this condition the
many phases and varieties of rocks now found are traced by minute
stages. These transformations are mainly produced by secondary
chemical changes. A comparison with the iron-bearing formation of
the Animikie shows that it consists of the same kinds of rocks, which
‘have been derived from an iron carbonate in the same manner as those
of the iron formation of the Penokee series, The iron ores are found
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to rest for the most part upon the underlying quartzite and upon a
series of dikes which have cut the stratified layers. The ores in this
position are secondary concentrations regarded as produced at the
same time as the modifications of the Iron- bearmg member and due
to downward-percolating water,- which has removed silica and has
substituted iron oxide. .

The Upper slate member follows above the Iron-bearing member.
It is of great and variable thickness, the maximum being more than
12,000 feet, and it varies from this to entire disappearance, the over-
lying series coming in contact with the Iron-bearing or lower mem-

bers. The rocks here comprised are mica schists and mica slates,

gr aywackes and graywacke slates, clay slates or phyllites, and quartz-
ites and conglomerates, all of which are of original mechanical
detrital origin. The mica schists and mica slates are traced by im-
perceptible stages back to their original little altered or unaltered
condition.

These three members constitute the Penokee series proper. The
eastern area of the series is found to differ in many respects from the
main area already described. This was the center of great contempo-
raneous volcanic activity, and consequently the succession includes
large thicknesses of lava flows and volcanic tuffs, which are not paral-
leled by the rocks found in the western area, and as a result of this
disturbing force the detrital succession is not so simple and regular.

With the Penokee series are found eruptives of two classes—dikes
cutting the formation and interbedded sheets, which are probably in-
trusions of the same age as the dikes. These eruptives are usually
diabases, which are, like the dikes, found in the complex below the
Penokee series, and which chemically are like the overlying Keweenaw
series.

The Penokee series has approximately an east-west strike, is un-
folded, and dips to the north at an angle varying usually from 60°
to 80°. There are sharp flexures at a few points and small faults at
only two localities. ‘
~ While the strikes and dips of the Penokee series are persistent,
those of the underlying schists are variable and often are at marked
discordance with the Penokee succession. The granites which cut the
fine-grained schists of the underlying complex are never seen to inter-
sect the limestone or quartz slate. At a number of places the lime-
stone or quartz slate is found immediately adjacent to or in actual
contact with the underlying complex, when it is always found to bear
numerous waterworn fragments from the Southern Complex, the con-
dition of which is that of the rock from which it is derived. When
the contact is with the green schists the schistose structure of the un-
derlying rocks abuts against the strike of the quartz slate, while the



LAKE SUPERIOR REGION. 143

fragments, with their greater length parallel to the schistose struc-
ture, are found with their longer diameters in the direction of the
bedding of the slate, showing that their schistosity was produced be-
fore they were broken from their original position. It is then con-
cluded that the Southern-Complex is separated from the Penokee
series by a great unconformity, and that, as the quartz slate is per-
sistent for a distance of many miles, the underlying complex had
nearly reached a base-level before the overlying series was deposited.

Above the Penokee series are the Keweenawan rocks, which at
Tylers Fork are found above a thickness of at least 13,000 feet of sed-
iments belonging to the Penokee series. In passing east or west from
this point the IKeweenawan rocks come in contact with lower and
lower horizons of the Penokee series. At one place the entire suc-
cession appears to be cut off by it. This is taken to imply that be-
tween the deposition of the Penokee series and the outflows of Kewee-

nawan time a sufficient time elapsed for erosion to remove at least this
thickness of sediments, and consequently that between the Keweena-
wan and the Penokee series there is a very considerable unconformity.

This unconformity is not, however, evident in single cross sections.
The bedded Keweenawan traps have a high inclination which is not
markedly different from that of the Penokee succession. The incli-
nation of this bedding is ascertained by the contacts of the different
flows, by the 1nc11n1t10n of their amygdaloidal horizons, and, north
of Bessemer, by the COIlt‘LCt between the traps and an 1nterlecwed

sandstone.

At Lake Gogebic the Eastern sandstone is found to rest, in a hori-
zontal position, against the upturned edges of the Southern Complex
and Penokee series alike, and to contain numerous characteristic frag-
ments which can have been derived only from these series. Also very
numerous fragments equally characteristic of the Keweenaw series
are found, and it is therefore concluded that after the deposition of
the Penokee and Keweenawan series, before the Eastern sandstone
was laid down, the two former were upturned and suffered great
denudation.

A comparison of the Penokee series proper and the Animikie series
shows that they are made up of a like succession of rocks, occupying
the same relative positions with reference to overlying and underlying
rocks, one dipping northward under the basin of Lake Superior and
the other dipping southward under the same body of water. They
are therefore regarded as equivalent. As probably equivilent with
the Penokee series are also placed the various areas. of rocks in the
Lake Superior basin referred to the Upper Huronian.

A compamson of the Penokee with the Marquette succession shows
that there is a very close correspondence. Unconfornnbly below the
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Marquette and Penokee clastics is a crystalline basement complex.
Within the pre-Keweenawan clastics in each district is a second phys-
ical break. Below this break, in the Penokee district, the formations
of the Lower Marquette are now represented only by the Cherty lime-
stone. - That other members once existed is indicated by the presence
of fragments of jasper and quartzite in the lowest horizon of the
Quartz slate. Formations composed of these rocks and a cherty
limestone are the characteristic members of the Lower Marquette.

The correspondence of the members of the Penokee series proper
with those of the Upper Marquette is complete. The Upper Mar-
quette and Penokee series, looked -at broadly, are great slate forma-
tions, both of which contain, near the base, an iron-bearing horizon.
In the Penokee series that .portion of the slate overlylncr the ore
formation has been called the Upper slate member, and that below it
the Quartz slate member. The lower part of the Quartz slate is a
quartzite and conglomerate, which corresponds to the quartzite and
conglomerate forming the base of the Upper Marquette series. The
uppermost horizon of the Penokee Quartz slate is a narrow layer of
persistent quartzite, which does not appear to be represented in the
Marquette district. The ore-bearing member is identical in character
in both districts, being unquestionably derived from a lean, cherty
carbonate of iron. The characteristic rocks of both are now the iron
.carbonates, ores, and cherts containing bands and shots of ore. The
chief difference between the two is that in the Penokee district the
actinolite-magnetite schists are more prevalent and the iron-bearing
formation is more persistent. Connected with this fact is perhaps
the presence of the upper horizon of quartzite, which shows that a
clearing up of the waters occurred before the beginning of deposition
of the iron-bearing sediments. A still further analogy between the
Penokee and the Upper Marquette series is the presence in both of
abundant surface volcanics. We have then in the two districts-the
following parallel descending pre-Keweenawan succession :

PENOKEE. MARQUETTE.
‘

Upper slate, locally mica schist. Upper slate, rather extensively mlca
schist,

Iron-bearing formation.

Lower slate; lower part quartzite or
quartzite conglomerate, bearing frag-
ments' of lower series, either Lower
Marquette or Archean.

Iron-bearing formation.

Quartz slate; upper horizon persist-
ent quartzite; central mass a slate;
lower part often conglomeratic, bear-
ing fragments of lower series, and
locally a quartzite.

Unconformity. Unconformity. .
Eroded away. Iron-bearing formation.
Limestone. Limestone and lower quartzite.-
Unconformity. Unconformity.

‘Basement complex,

Basement complex,
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- WapsworTH,*® in 1891, modifies somewhat the account of the Azoic
system given by him in-1890.* A portion of the jaspilites and
associated iron ores are still held to be eruptive, but it is suggested
that the present relations of even these supposed nonfragmental
jaspilites of Ishpeming and Negaunee may be due to sedimentary
and chemical action and the squeezing together of the jaspilite and
schist. The jaspilite and ore, with the associated quartzites, occurring
at Cascade, Republic, Humboldt, and a part of those at Ishpeming
and Negaunee, as well as those of the overlying quartzites and schists,
are sedimentary. In the Marquette district there are three distinct
geological formations or ages, in ascending order as follows: First,
- the hornblende schist and granite of Cascade or Palmer and the
nonfragmental jaspilite and ore of Ishpeming and Negaunee—the
‘Cascade formation. Second, the fragmental jaspilite and ore, with
their associated quartzites and schists, of Cascade, Republic, Hum-
boldt, Ishpeming, Negaunee, and elsewhere—the Republic formation.
Third, the overlying conglomerates, quartzites, and schists of Cas-
cade, Republic, Holyoke, and elsewhere-—the Holyoke formation.

Above the detrital Republic formation at the Cascade range is
another detrital formation which contains waterworn débris derived

from the underlying deposits of jaspilite and ore, and is therefore .

uncomformably above it. At present it is not possible to determine
positively whether there are really three formations as given, or from
four to six different ones, or whether the three may be reduced to two.

Wabsworrm,* in 1891, finds that the Lower Silurian, containing
Trenton fossils.near I’Anse, overlies the sandstone conformably, both
haying a synclinal structure; which tends to confirm the commonly
received view of the Potsdam age of the Eastern sandstone.

WabsworTH,™ in 1891, gives observations upon the south trap
range and adjacent sandstones. Various places are mentioned, in-
cluding Silver Mountain, which are composed of lava flows. These
~ traps sometimes have a dip not higher than 9° to 20°. In secs. 11, 13,

and 14, T. 46 N., R. 31 W., sandstone is found overlying the lava
flows. The Eastern sandstone on Traverse Island, in Keweenaw Bay,
is said to have an inclination of 5° to 14°, while in the vicinity of
Torch Liake it has a dip of 5° to 23°. It is concluded that the above
observations go to show that the lava flows of the south trap range
east of Lake Gogebic do not dip at a high angle, as has been generally
asserted, and further that the Eastern sandstone is not horizontal,
as has been generally stated, but that the two dip at a low angle,
generally 5° to 20°. These observations also indicate that the Eastern
sandstone and the lava flows of the south trap range are one forma-
tion, and are as conformable as eruptions of lava can be with a con-
temporaneous sedimentary deposit.

55721—Bull. 360—09——10
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PumperLy and Vax Hise® in 1891 and 1892, find that in places
the ore formation of the Menominee and Felch Mountain districts
passes down into the limestone. In the deeper workings of the
Chapin the ores resting almost directly upon the limestorie are found
to bear a considerable percentage of carbonates, including iron, cal-
cium, and magnesium. The Metropolitan ore deposits in the Felch
Mountain district are found associated with or within the limestone.
At one pit the ore and jasper may be seen interlaminated with and
grading down into a limestone. It is therefore probable that the ore
formation of these districts, in part at least, is but an upward con-
tinuation of the limestone formation, perhaps differing from it origi-

nally only in that the upper part contained a greater quantlty of

original carbonate of iron.

Above the ore formation at Quinnesec test pits show the presence
of a typical chert and jasper conglomerate, in every respect like the
basement conglomerates of the Upper Marquette.’

Van Hisg,% in 1892, describes the Huronian volcanics south of
Lake Superior. These include both lavas and tuffs interstratified
with each other and with contemporaneous clastics. Among the lavas
are amygdaloids, the amyodules of which are in certain cases jasper

similar to that of the iron formation adjacent, and are believed to
have been formed at the same jasper-forming period. The volcanics
are much more altered than those of the Keweenawan. They are
found in various places, but the most extensive areas are in the

Gogebic district west of Gogebic Lake and in the Michigamme dis-

trict north of Crystal Falls. In the first locality the series is 7,000
~ or 8,000 feet in thickness. This great mass of material was piled up

while to the west 700 to 800 feet of the sediments of the iron-bear-
" ing formation were accumulating. In this district, therefore, at the
same time there were being deposited the ordinary sediments of the
area and locally a volcanic series of a wholly different character.

Lang,® in 1892, holds that certain of the ore bodies of the Mar-
quette district are produced by abstracting iron oxide from amphib-
olites and depositing this material at other places. The water is
regarded as upward moving, hence the ore bodies rest upon the
diorites as foot walls. It is not denied that in other places the iron
is derived from a carbonate, or that silica is replaced by the iron
oxide. At the Volunteer mine the ore seems in part to have replaced
the sandstone. '

.WapsworrH,” in 1893, gives a sketch of the iron, gold, and copper
districts of Michigan. The Azoic or Archean rocks are divided from
the base upward into the Cascade, Republic, and Holyoke forma-
tions. These divisions are placed in order as equivalent to the funda-
mental complex, Lower Marquette series, and Upper Marquette series
of Van Hise. They are unconformable and represent three different
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geological ages. The Keweenawan is divided into two divisions, both
of which are placed in the .Cambrian—the Lower Keweenawan,
25,000 feet of interbedded conglomerates and lava flows, with some
intrusives; the Upper Keweenawan, 12,000 feet of sandstones and
shales, not separable from the Potsdam or Eastern sandstone.

The Azoic or Archean system consists of rocks formed (1) by me-
chanical means, (2) by eruptive agencies, (3) by chemical action.

‘The Cascade or oldest formation of sedimentary and eruptive rocks
consists, commencing with the oldest, of gneissoid granites or gneiss,
basic eruptives and schists, jaspilites and associated iron ores, and
granites, although the above arrangement may be considered no more
than a hypothesis, and it is probable that the jaspilites and iron ores
will be found to belong to the Republic formation. It is also probable
that the Cascade formation itself will prove to be composed of two or
more distinct geological formations, as shown by the fact that the
chief rock of the Huron Mountains appears to be a gneissoid granite,
rather than a true sedimentary gnmeiss. True sedimentary gneisses
are found in the Huron Bay and Cascade districts. In the former
area they contain fragments that closely resemble the gneissoid
granites, and thus they appear to be formed from the débris of those
rocks. If, however, the gneissoid granites are metamorphosed erup-
tive rocks, and not true gneisses (which are restricted to metamor-
phosed sedimentary rocks), this fact proves only that the gneisses are
younger in order of time, but not necessarily of younger geological
age. Similar statements apply to the breaks between the Cascadeand
Republic formations, and the break between-the Republic and Holy-
oke formations. In the Huron Bay, Menominee, and other districts
the Cascade formation holds intrusive granites. Amphibole schists are
also found intrusive in the gneisses in the Cascade area. In the Mar-
quette area the amphibole schists are cut by felsite or quartz porphyry.

Much of the granite and felsite appears to have been erupted dur-
ing the time of the Cascade formation, and perhaps even later. On
the Cascade range hornblende gneiss cuts the country rock. These
dikes are cut by other dikes containing crystals of feldspar, while
both are cut by gray granite that is in turn cut by red granite.

The Republic formation, commencing with the oldest division, is
divided roughly as follows: Conglomerate-breccia and conglomerate
schist; quartzite; dolomite; jaspilite and iron ore; argillite and
schist; granite and felsite ; diabase; diorite and porodite; porphyrite.
At the base of the Republic formation is a series of conglomerates and
conglomerate schists, which pass into hydrous mica schists. Near
Palmer the coarse conglomerate rests on the gneiss to the south, and
is overlain to the north by quartzite, fragmental jaspilite, and quartz
schist. The-dip is about 40° N. The conglomerate contains numerous
pebbles of gneiss, as well as some of granite, diorite, schist, and quartz
veins. Near the Volunteer mine quartzite immediately overlies the
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basal conglomerate, and in other places reposes directly on the
Cascade formation.

The quartzite in the Menominee district, running from Sturgeon
River along Pine River to Metropolitan, is thought to belong to the
base of the Republic formation, since it is found at various places
close to the gneiss and granite, dipping away from them, and is cut
by dikes of granite in sec. 12, T. 41 N., R. 30 W. The dolomite oc-
cupies a low horizon, either interbedded with the quartzite or occupy-
ing its place. The fundamental ore and jaspilite appear to belong,
stratigraphically, to the Republic formation. Most of the jaspilite
of the formation is of detrital origin, being originally conglomerates,
breccias, sands, and muds, which have been subsequently chemically
acted upon by percolating waters, since in the Cascade range the
jaspilite and ore form layers which are frequently interlaminated
with quartzite. The jaspilite of Negaunee and Ishpeming has failed
to reveal any evidence that it is sedimentary, although the associated
argillite and schist ave, in part at least, clearly sedimentary. The
argillite and schists are directly associated with the jaspilite and iron
ore. In places they grade up into the fragmental jaspilite, and in
other places are interbedded with it. They also succeed the latter
rocks and overlie them. These argillites and schists are older than
the diorites of the district, and are cut by them.

The Holyoke formation has the following succession, as far as
known, commencing with the base: Conglomerate-breccia and con-
glomerate schist; quartzite; dolomite; argillite; graywacke and
schist; granite and felsite; diabase, diorite, and porodite; peridotite,
serpentine, and dolomite ; melaphyre or picrite ; diabase and melaphyre.
The conglomerate at the base of the Holyoke contains granitic ma-
terial, as well as fragments from the jaspilite. In many places the
unconformity between the Republic and Holyoke formations is most
marked, being seen at many of the mines. In many places, also,
the Holyoke formation overlaps the Republic and is in contact with
the granite and gneiss of the Cascade. Associated with the Holyoke
conglomerate is a quartzite which includes the Mount Mesnard and
Teal Lake quartzites. In sec. 20, T. 47 N, R. 26 W., and secs. 8 and
19, T. 49 N., R. 28 W, near Silver Lake and in other places, sedi-
ments of the Holyoke formation have sifted down into the fissures and
joints of the preexisting rocks, when they have a dikelike character.
For such formations the term “ clasolite ” is proposed. The dolomite
of Mount Mesnard and thence to Goose Lake, while lithologically like
that placed in the Republic formation, is doubtfully referred to the
Holyoke. Argillite, graywacke, and mica schist occur extensively in
the Holyoke, constituting the upper horizon. It is doubtful whether
any granite or felsite of Holyoke age exists in the Marquette district.

Diabase, diorite, porodite, and peridotite occur abundantly, belong-
ing to both the Republic and the Holyoke formations. ~ According to

- —— iy
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Seaman diabase dikes of the Gogebic area are probably the same as
those that cut the overlying sandstones of the Keweenawan, from
which it is concluded that the Keweenawan lava flows are the effusive
equivalents of the Holyoke diabase clikes.

The soft hematites of the region are produced by secondary enrich-
ment at places where the water cquld best act, being at points of frac-
turing or in basins. The silica of the lean material has been leached
out and iron oxide substituted. Gold and silver veins are discussed
and a classification of ore deposits 1s given.

The Eastern or Potsdam sandstone rests unconformably on the
Azoic. This includes the unaltered horizontal sandstone, which is
free from dikes of eruptive material, and the IKeweenawan, which
consists of lava flows alternating with sandstones and conglomerates,
largely derived from the former. Above, and contoum.bly with the
Eastern sandstone, near L’ Anse, is limestone of Silurian age, as shown
by its fossil contents. On Keweenaw Point the Eastern standstone
dips toward, and passes under, the interstratified sandstones and lavas
of the Keweenawan. At or near the contact is a fault. FHowever, at
Douglass Houghton and Hungarian rivers it is thought not to be at
the contact, and consequently that the Fastern -sandstone underlies
the Keweenawan lava, but the Eastern sandstone may contain two or
more sandstones of different ages, which may perhaps be considered
as the most probable explanation of all the evidence. In sec. 13,

"T. 46 N., R. 41 W., on the south trap range, a nearly horizontal, soft,
friable micaceous sandstone is found near the interbedded Kewee-
nawan melaphyre and indurated sandstone. This soft sandstone con-
tains numerous spherical spots very common in the Eastern sandstone,
but not found in the Keweenawan. In the soft sandstone are found
pebbles and large angular fragments of indurated sandstone, which
Seaman thinks could have been derived only from the adjacent indu-
rated sandstone. The rocks of the trap range here exposed are be-
lieved by Seaman to hold a position near the top of the Keweenawan
series, and he concluded that the soft sandstone belongs to a distinct
and later geological age than the trap range.

The character and origin of the copper deposits are discussed.

Wabsworr,* in 1893, states that recent work renders it probable
that the Azoic or Archean of northern Michigan is divisible into five
unconformable formations. The tentative arrangement, commencing
with the oldest, with the parallel formations as determined by the
United States Geological Survey, is as follows:

United States Geological
Michigan Geological Survey. Survey.
Cascade formation_—____________________ Fundamental Complex.
Republic formation
Mesnard formation }
Holyoke .formation }

______________________ Lower Marquette series.

____________________ M te ries.
Negaunee formation Upper Marquette series



150 PRE-CAMBRIAN GEOLOGY OF NORTH AMERICA.

Van Hisg,™ in 1893, gives the following as the ascending succession
in the iron-producing part of the Marquette district: (1) Basement
Complex, consisting of granites, gneisses, schists, and greenstone con-
glomerates, the whole intricately intermingled, and the schists in-
truded by the granites and gneissoid granites; unconformity;
(2) Lower Marquette series, having at its base a conglomerate and
quartzite formation, upon which rests an iron-bearing formation;
unconformity; (3) Upper Marquette series, which looked at broadly
is a great shale, mica slate, and mica schist formation, but it often has
‘at its base quartzites and conglomerates, and several hundred or a
thousand feet from its base an iron-bearing formation similar to that
of the Lower. Marquette series. Included within both the Lower and
the Upper Marquette series are many basic intrusive dikes and bosses
of diabase, and also contemporaneous volcanics, which are largely
tuffaceous. - .

At the east end of the Marquette district 1s the Mesnard series, the
position of which has not yet been determined.

Huwusr,” in 1893, gives a résumé of the general geology of the
Menominee district as explained by Brooks, and detailed sections of
several of the mines. The descending succession at the Millie ore
body and Chapin mine is as follows:

Quartzite. ... .o.ooooioao-
Jasper ....o..oociiiiiio..
Quartzite. .. ..............
Quartzite and jasper......_.
Quartzite, slate, and jagper..{ ~""" T rTotTovetsoosossossmsonses

Quartzite and slate.........
Quartzite and jasper..._.._. :
Banded ore, containing Millie ore body ....... e eeee—aan. 300
Quartzite and state . ... ... }

Slate . cooeniiiii )
Jasper .. ..ol e 170
Ore body.

Grayslate. .. .o iiiieiiiiiiii o 75
(0] Y ' .

Grayslate . ...............
Jasper ........ e et
Grayslate ........_..... ..
Jasper G -................. e e e e ee e e aaan 185

Grayslate .. _..............
Limestone.
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. The descending succession in the Pewabic mine is as follows:

TFeet.
Jasper and ore, containing Pewabicore hbody.............. ... 215
Grayslates. . ... e 112
Quartz.
Gray slate.
QUATLZILE - o n ettt e e 77
Quartz and slate. '
Slate conglomerate ...... .. ... . .. iiiiiioiiiioiill. 50
Redslate ............... e e e 77
Quartz and gray slate.
Quartzite. .
Quartz and sand.
Slate conglomerate. .
Quartz conglomerate. .. ... ... ... .i.iiioio.i.. 116
Red slate. '
Jasper.

Red, gray slate. ‘
Limestone.

The ore bodies are found in beds of banded lean jasper, which is
always an invariable associate of the richer ore, and it may occur
anywhere within the jaspery horizon. The rich ore often appears to
be a part and parcel of the general stratification of the lean ore
encompassing it. Not infrequently one finds spots which are appar-
ently in the transition state from the lean jaspery ore, as though the
ore body was charged with a solution which was gradually dissolving
out the silica from the adjacent jasper. There is invariably a notable
pitch to the ore bodies, and it is generally to the west at an angle of
30° to 50°. Connected with some of the ore bodies are well-defined
hanging or foot walls of so-called soapstone, but often when there
are no well-defined walls, the ore body being found in the jasper, the
ore carries a minimum of phosphorus, as exemplified at the Millie,
Pewabic, Cyclops, Aragon, and S. E. Vulcan mines. The productive
portions of the range appear to be located at the points where the
formation has been faulted, eroded deeply, or sharply folded.

Sayra,® in 1893, describes a contact between the lower quartzite
of the Lower Huronian and the underlying granite at Republic, Mich.
Below the lowest exposures of magnetite-actinolite schist are ex-
posures of the lower quartzite, and below this, hanging upon the
northern flank of the granite, is a conglomerate containing very
numerous well-rounded bowlders of granite and gneiss, identical with
the rocks immediately below.. It is concluded that this conglomerafe,
from its position, can not possibly belong to the Upper Huronian, and
that it is a true basal conglomerate of the Lower Huronian. ,

HueBarp,®” in 1894, gives two geological cross sections of the Ke-
weenawan series in the vicinity of the Calumet and Hecla and the
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Tamarack mines. The strata here consist of interstratified traps,
amygdaloids, sandstones, and - conglomerates. Deep in the series
there is less amygdaloid, and it is suggested that the amygdaloids are
largely pseudo-amygdaloidal, their development being dependent
upon subsurface weathering. It is found that the conglomerates
approach each other in passing from the north toward the south, due
to the thinning of the igneous beds. The Eastern sandstone, some-
what remote from the line of junction with the Keweenawan series,
has at places a dip toward the traps as high as 10° or 12°. At Lake
Linden this formation .is shown by boring to be at least 1,500 feet
thick, and to consist of red sandstone with several streaks of marl.
The likeness of this sandstone to the Upper Keweenawan sandstone,
the faulting along or near the contact line of the two formations, and
the thinning of the traps and amygdaloids in passing toward the

Eastern sandstone, seem to strongly favor the theory that the two

formations are of the same age.

Van Hisg,® in 1894, describes the rocks of the Marquette district
as constituting a great synclinorium. The axial planes of the minor
folds on the sides dip toward the center of the synclinorium, thus re-
sembling the fan structure of the Alps; but there is the great differ-
ence that the major fold is a synclinorium rather than an anticli-
norium, This kind of fold may be called the Marquette type.

Smyra (H. L.),% in 1894, compares the Lower Menominee and
Lower Marquette series in Michigan. The Lower Menominee series
consists, in ascending order, of—

1. A basal quartzite, ravely conglomeratic, having a thickness of .700 to 1,000
feet. .

2. A crystalline limestone, averaging 700 to 1,000 feet in thickness.

3. Red, black, and green slates, not known to exceed 260 or 300 feet in thick-
ness, and containing the iron formation that gives the rich ores of Tron Moun-
tain and Norway. Toward the north the horizon of the siates is in part occu-
pied by later eruptives that rapidly increase in thickness and attain a maximuin
of nearly 2,000 feet.

4. The Michigamme Mountain jasper. The least modified phase seems to be,
in part at least, a sediment. The most highly altered kind is like the banded,
specular jasper of Republic.

The Lower Marquette series in the western part of the Marquette
area consists, in ascending order, of—

1. A basal conglomerate, quartzite, and quartz schist, probably less than
100 feet.

D An iron-bearing formation, which may be divided into a lower actinolitic
schist and an upper banded red jasper and specular hematite. This member

" has a maximum thickness of more than 1,000 feet.

The magnetic jasper of Michigamme Mountain has been traced,

by means of outcrops and magnetic work, within 13 to 2 miles of the
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iron-bearing formation of the Marquette series, and the two are re-
garded as equivalent. If this be true, the Lower Marquette quartzite
may represent the lower quartzitic portion of the Michigamme jasper
formation, in which case the whole of the Lower Marquette series
would be represented by the highest member of the Lower Menominee.

The absence in the Marquette district of the equivalent of the great
thickness of limestone, quartzite, and eruptives below the Michi-
gamme jasper in the Menominee district is accounted for by supposing
that the Marquette area was more elevated, and that the transgression
of the ocean from the south reached the Marquette district when the
lower portion of the Michigamme jasper was being deposited. If the
above correlation be correct it further follows that the principal ore
formation of the Menominee has no equivalent in the Marquette dis-
trict.

The Mount Mesnard series of quartzite, limestone, and slates, as
described by Wadsworth, in the eastern part of the Marquette area,
between the Cascade range and Lake Superior, has many points of
resemblance to that part of the Lower Menominee series below the
Michigamme jasper. The age of the Mount Mesnard series is still
in doubt, but if it should prove to underlie the Lower Marquette
(Wadsworth’s Republic formation) its position would probably indi-
cate the limit of the old Marquette highland on the eastern side.

Svyra (H. L.),® in 1894, describes a quartzite tongue in the
jasper at Republic. This tongue branches from the main mass of
quartzite, and, after continuing nearly parallel with it for a long
distance, tapers to a point toward the north in a mass of specular
jasper. The quartzite tongue includes between itself and the main
quartzite a similar jasper tongue, which starts in the north from
the jasper and tapers to a point toward the south in the quartzite,
the two tongues interlocking. These unusual relations are explained
as due to faulting approximately parallel to the fold which occurred
during the folding of the series. ' '

Hussarp,™ in 1895, describes the relation of the copper vein at the
Central mine, Keweenaw Point, to the Iearsarge conglomerate. The
veins of Keweenaw Point belong largely to one system, and are con-
fined principally between T. 57 N., R. 32 W., and the northeast
- extremity of the Point. The copper-bearing formation between these
limits dips N. 33° L., at the first locality, to south of east at the
last, and the veins are nearly at right angles to the formation. The
Central mine is situated in sec. 23, T. 58 N., R. 31 W., about 18 miles
northeast of Calumet. Here there has been d northerly sliding of the
formations above the Kearsarge conglomerate, as a result of which
the copper vein in the overlying formations is found to stop abruptly
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at the Kearsarge conglomerate. In this mine is the eastern edge of
the basin in which the Kearsarge conglomerate was deposited.

Newert,” in 1895, gives a sketch of the Marquette iron-bearing
district of Michigan, and publishes a geological map of the district,
compiled from a map of the Upper Peninsula in the possession of
the Michigan Geological Survey. The iron ores occur in the Huro-
nian rocks, of which there are some thirty members. This series of
rocks has been subjected to enormous lateral pressure, resulting in
foldings in the strata. In the folds the ore is found generally in len-
ticular masses. The Hutonian rocks are cut by eruptive rocks, which
have played an important part in assisting in the concentration of
the ores. 0 ,

CremENTS,” in 1895, describes the volcanic rocks of the Michi-
gamme district of Michigan. The succession in the district from the -
base up is: (1) Granite and gneiss, cut by basic dikes; (2) quart-
zose limestone formation, with an estimated thickness of 1,500 to
2,000 feet; (3) a great series of volcanics, with an average thickness of
about 3,000 feet; (4) a set of sedimentaries consisting of quartaites,
slates, and iron formation material. The volcanics include apobasalts,
apoandesites, and aporhyolites, each occurring both as lavas and as
tuffs. The lavas are frequently amygdaloidal.

Van Hise,™ in 1896, describes base-levels in the crystalline rocks of
central Wisconsin and Keweenaw Point. In the Wisconsin district
the Archean and Huronian rocks occupying the area are truncated to
an even base-level with an apparent southerly slope. The altitude is
about 1,450 feet. :

On Keweenaw Point the peaks of the main trap range rise to so
nearly the same altitude that they form an apparent plain, which is
_ considered an ancient base-level. The altitude of this plain is about
1,350 feet. Certain peaks, consisting of hard quartz porphyry and
felsite, have resisted weathering, and stand above this plain. :

The central Wisconsin plain has not been so deeply dissected as
the Keweenaw Point area, but this is explained by the fact that it is
not so near either Lake Superior or Lake Michigan, and therefore
erosion has not been so effective over it, '

From the proximity of the central Wisconsin and Keweenaw Point
base-levels,; and from the fact that they have nearly the same altitude,
it is concluded that the base-levels of the two districts are probably
but parts of a far more extensive base-leveled region resulting princi-
pally from the subaerial erosion of Cretaceous time, and pelhaps also
in part from the marine denudation of the Cretaceous.

GresLEY,” in 1896, describes peculiar markings in iron ore from the
Chapin mine of Iron Mountain, Michigan, which are thought by H. S.
Williams, by Schuchert, and by Walcett to be trails of organic origin.
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Van Hisg, Bayrey, and SayTe,’ in 1896, map and describe ¢ the
_geology of the Marquette iron-bearing district of Michigan. The
pre-Cambrian rocks of the district comprise three series, separated by
unconformities. These are the Basement Complex, or Archean; the
Lower Marquette, and the Upper Marquette, the two latter constitut-
ing the Algonkian for this district. All of these are cut by basic in-

“trusives. The pre-Cambrian rocks are unconformably overlain by
‘Cambrian sandstone. ‘

The Basement Complex occurs in two main areas, one north of the
Marquette series, called the Northern Complex, and one south of the
Marquette series, called the Southern Complex. There are also iso-
lated areas within the Algonkian. The oldest rocks of the Basement
Complex arve thoroughly crystalline, foliated schists and gneisses. A
close field and laboratory study has failed to detect in them any evi-
dence of sedimentary origin. These gneisses and schists have heen
cut by various igneous rocks at- different epochs. The latter occur
both in the form of great bosses and in dikes, sometimes cutting,
_sometimes parallel to, the foliation of the rocks. In the area of the
Northern Complex there have been volcanic outbursts, and a vast
series of lavas, agglomerates, greenstone conglomerates, and tuffs have
been piled up. By far the greater part of the volcanic material is of
an intermediate or basic character.

The Northern Complex is treated under the divisions of Mona

schists, Kitchi schists, gneissoid granites, hornblende syenites, basic
‘dikes, acid dikes, peridotite, and ferruginous veins. The Mona and
Kitchi schists are greenstone schists, which are believed to be largely
recrystallized volcanic materials. Their original forms included both
tuffs and lavas. The gneissoid granites and syenites are plutonic
. intrusive rocks within the greenstone schists.- The basic dikes are
mainly diabase. The peridotite is older than the Cambrian sandstone
and younger than the greenstone schists of the Basement Complex.
The ferruginous veins are believed to be water deposited, and were
formed previous to the deposition of the Lower Marquette series.

The Southern Complex differs from the Northern Complex in the
smaller quantity of greenstone schists in the former and in the pres-
ence in it of the micaceous and hornblendic schists and the Palmer
gneiss. It is treated under the divisions micaceous schists, amphi-
bole schists, gneissoid granites, Palmer gneiss, and intrusives. The

micaceous schists include muscovite schists, biotite schists, feldspathi.
biotite schists, and hornblendic biotite schists. They are thought to
be mashed acid eriptives. The amphibole schists include greenstone
schists, hornblende schists, and micaceous hornblende schists. They

e The Algonkian rocks are described by Van Hise; the Basement Complex and later
igneous rocks are described by Bayley ; the Republic trough ls described by Smyth.
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are shown to be mashed basic eruptives. The granites and dike mate-
rials are similar in essential features to the corresponding rocks of
the Northern Complex. The granites are younger than the schists,
since dikes from them intrude the schists. The Palmer gneisses occur
only on the borders of the granite areas, between these and the Mar-

quette sedimentaries, and are apparently in most cases extremely

mashed phases of the granites.

The isolated areas of the Fundamental Complex within the Algon-
kian are chiefly gneissoid granites and schistose greenstones that dif-
fer in no essential respect from the corresponding rocks of the North-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>