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ADVERTISEMENT.

+ [Bulletin No. 62.]

The publications of the United States Geological Survey are issued in accordance with the statnte
approved March 3, 1879, which declares that—

‘“Thepublications of the Geological Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and classification ot the lands, and reports upon general
and economic geology and paleontology. Tho annual report of operations of the Geological Survey
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports ®

. of said Survey shall be issued in uniform quarto series it deemed necessary by the Director, but other-
wisge in ordinary octavos. Three thousand copies ot each shall be published for scientitic exchanges
and for sale at the price of publication; and all literary and cartographic materials received in exchange
shall be the property of the United States and form a part of the library of the organization: And the
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.”

On July 17, 1882, the following joint resolutlon, referring to all Government, pubhcatnons, was passed
by Congress:

“*That whenever any document or report shall be ordered printed by Congress, thereshall be printed,
in addition to the nnmber in each case stated, the ‘usual number’ (1,900) of copies for binding and
distribution among those entitled to receive theu.”

Exceptin those cases in which au extra number of any publication has been supplied to the Survey
by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL REPORTS.

1. First Annual Report of the United States Geological Survey, by Clarence King. 880. 8°. 179 pp.
1map.—A preliminary report deseribing plan of organization and paolications.

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882,
8o, 1v, 588 pp. 62pl. 1map.

IIL Third Annual Report of the United States Geological Survey, 1881-'82, by J. W, Powell. 1883,
80. xviii, 564 pp. 67 pl. and maps.

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884.
8°., xxxii, 473 pp. 85 pl. und maps. -

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885.
8, xxxvi, 469 pp. 58 pl. and maps.

VI. Sixth Annuel Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80. xxix, 570 pp. 65 pl. and maps.

VII. Seventh Annual Reportof the United States Geological Survey, 1885-'86, by J. W, Powell. 1888.
80, xx, 666 pp. 71 pl. and maps.

VIIL Eighth Anuunal Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
80, 2v, xix, 474, xii pp. 53 pl. and maps; 1 p. 1. 475-1063 pp. 54-76 pl. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1890.
80, xiii, 717 pp. 88 pl. and maps.

The Tenth Annual Report is in press.

MONOGRAPHS.

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map. Price $1.50.

II. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton Capt. U. S. A.
1882. 4°. xiv,264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.12.

TIL Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882.
40, xv, 422 pp. 7 pl andatlas ot 21 sheets folio. Price $11.00.

IV. Comstock Mining and Miners, by Eliov Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.

V. The Copper-Bearing Rocks ot Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151. 29 pl. and maps. Price $1.85.

VI. Contributions to the Knowtedge of the Older Mesozoic Flora of Virginia, by William Morris

Fontaine. 1883, 4°. xi, 144pp. 541 54 pl. Price $1.05.
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VTII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884, 40. xiii, 200 pp.” 16
pl. Price $1.20.

VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 40, xiii, 298 pp.
241, 24 pl. Price $1.10.

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey
by Robert P. Whitfield. 1885. 4©. xx,338 pp. 85 pl. 1immap. Price $1.15.

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.
1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70.

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°. xiv,288 pp. 46 pl. and maps. Price $1.75.
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1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio.» Price $8.40.
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EXPLANATORY AND HISTORICAL NOTE.

By RoLAND DUER IRVING.

At quite a number of points in the Lake Superior region occur pesa-
liar schistose rocks, which combine with a prevalent fine grain a general
tendency to greenish color. Besides occurring here and there more or
less confusedly mingled with masses of granite and other rocks, these
greenish schists oceur also in large continuous areas, which they entirely
occupy, except for certain relatively unimportant basic and acid intru-
sives. Microscopic study has shown that these rocks are at times fully
developed hornblende schists, and again glossy kinds, in which chlorite
is so important an ingredient as to warrant our calling them chlorite
schists. In other places again they are more massive, and present more
or less distinctly the appearance of fine-grained basic eruptives; but
the bulk of these areas is composed of nondescript fine-grained green-
ish schists, which appear to grade into the more massive greenstone-like
forms on the one hand, and into the more distinctly developed chloritic
and hornblendic schists on the other. As a rule these various schists
present no parallel structure other than that which seems referable
directly to secondary causes; that is to say, they do not present such
banded varieties as would suggest the action of sedimentation during
their production. However, such banded varieties do occur in subordi-
nate quantity, presenting then very strikingly regular, rapid alterna-
tions of light and dark bands. '

Again, here and there in these peculiar areas, in some places with a
very considerable development, there occur kinds which present a more -
or less obscure fragmental appearance, this appearance being generally
far more pronounced on a weathered surface than on a fresh one, on
which latter the matrix and the parent fragments are apt to look much
like one another, either from original similarity in character or from
having undergone alterations which have led both fragments and
matrix, originally different, to similar results. At times there is a co-
- incidence of oceurrence between the banding above referred to and the
appearance of the pebble-bearing forms, but so far as my experience
goes this is very commonly not the case, the fragmental ph. ses being
without any parallel structure other than the general second: ‘y cleav-
age, which all of these rocks present, the apparent pebbles occurring
more commonly in tumultuous assemblages of masses of all sizes.

11
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As prominent illustrations of such green schist areas, there may be
mentioned that which runs directly westward from the shore of Lake
Superior at Marquette, Michigan, for a distance of] some twenty miles,
with a width ranging from two to six miles;! those which occur in the
Menominee Valley, on the boundary between Wisconsin and Michigan;?
that of the Gogebic country of western Michigan, in T. 47 N., R. 43 W,
and T. 47 N., R. 44 W., where there is a very great development of the
fragmental phases;® that which has been recently outlined by Dr. W.
S. Bayley to the south of the so-called Mesabé Range, and west of
the Embarras Lakes, in T. 59 N, R. 15 W.,, and T. 59 N., R. 16 W,,
northern Minnesota, where there is again a considerable development
of the fragmental forms;* and that which lies to the northward of the
iron-bearing slates of Vermillion Lake, traversing the island in the
northern part of that lake from west to east, and extending thence east
and northeast, with an average width of from two to three miles, through
townships 62, 63, 64, and 65 N., of ranges 14, 13,12, 11, 10, and 9 W., in
northern Minnesota, to the national boundary line at Carp Lake, whence
it extends an unknown distance into Canada. This last-named area,
which is the mostextended continuous one with which I am acquainted,
shows prevalently those kinds of rock which lack the fragmental ap-
pearance. Still, fragmental phases here and there present themselves,
as, for instance, along the east shore of that island in Vermillion Lake,
which lies in the northern part of Sec. 10 and southern part of Sec. 3,
T. 62 N., R. 16 W. To these areas may be added also several smaller
ones which lie southward and southeastward of the Vermillion Lake iron
belt. One of these areas, lying south of Sea Gull Lake and east of
Ogishkimanissi Lake, in T. 65 N., R. 5 W., presents an extraordinary
development of the obscurely fragmental or brecciated phase. Finally, -
should be mentioned the large development of similar greenish schists,
including also the fragmental or ‘ agglomeratic” phases, which is
described as occurring on the Lake of the Woods in the recent report
of Mr. A. C. Lawson, of the Canadian Survey.®

My first acquaintance with any of these green schist areas was in the
summer of 1883, when a number of days were spent in examining the
exposures at Twin TFalls, Upper Quinnesec Falls and Lower Quinnesec
Falls, on the Menominee River, the boundary between Wisconsin and
Michigan. - The very handsome detailed maps and the descriptions of
these exposures by Maj. T. B. Brooks® had already been published and

1 See map of T. B. Brooks, Geol. Survey Michigan, Atlas, Pl. III; map by C. Rominger, accompany-
ing Geol. Survey Michigan, Vol. 4, 1881; Pl. I of the present volume.

2 See map by T. B. Brooks and C. E. Wright, PL 28 of the atlas to the Geology of Wisconsin ; map
by C. E. Wright, P1. 30 of the same atlas; map of the Menominee region, by C. Rominger, Geol. Sur-
vey Michigan, Vol. 4, 1881, Pl. 2.

2 See maps by R. D. Irving and C. R. Van Hise, accompanying a memoir on the Penokee-Gogebic
iron region, Mon. U. 8. Geol. Survey, No. 18.

4 See map by R. D. Irving, Pl. XLI, of the Seventh Ann. Rept. U. S. Geol. Survey.

5See Geol. Nat. Hist. Survey Canada, Ann. Rep. (new series) Vol. 1, 1885, pp. 41-46 cc; also map
accompanying same. ’ .

6Goeol. Wisconsin, vol. 3, 1880.
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were used on the ground. These maps represent the exposures at the
several points named as composed of a series of very regular alterna-
tions of various schistose and massive rocks, the conclusion being
reached with regard to them by Brooks that they form in all a regular
series of layers originally of sedimentary origin, the present lack of frag-
mental appearance being taken as the result of metamorphism. To me
it seemed at that time that the regularity of the alternations was far
less than one would think to be the case from Brooks’s maps, and that all
of the several phases, schistose and non-schistose, were rather vari-
ations of one great mass of material, whose original structure was mass-
ive rather than schistose. Thisimpression was gathered from the way
in which the several phases graded into one another, and from the non-
continuity in the direction of the strike of the schistose kinds, single
schist beds displayed on one side of the stream being often absent
where their continuations should lie on the opposite side of the stream.
The impression was strengthened by the lack of regularity in the di-
rection of the schist planes, and by the striking way in which schist
bands inclose vaguely outlined areas of non-schistose massive rocks.
The same conclusion as to the inseparable nature of all of these rocks
had already been reached and published by Rominger,' though he ap-
pears to have looked upon the parallel or schistose structure as repre-
senting an original condition of the rocks, all of which he seems to
consider of sedimentary origin; while the impression made on me was
just the opposite, namely, that the schistosity is of a secondary nature,
and the original structure of the rock a massive one. In order to test
this question, a large collection of specimens, with quite full notes, was
made at the time. In the next year, however, before the thin sections
made from these specimens could be examined, the entire collection
was destroyed by fire, and my work in other directions having
become pressing, it was decided to put the study of this question in
the hands of Prof. George H. Williams, of the John Hopkins Uni-
versity, whose qualifications for investigations in microscopic petrog-
graphy, such as this would mainly be, are well known to be of the first
order. In thesummer of 1885, therefore, Professor Wllliams made, at
my request, a reexamination of all of these points in the Menominee
valley, going into far greater defail in the field study than any one
had done before, and collecting on a very large scale. During the
summer of 1886, Professor Williams was asked to extend his field ex-
aminations into the Marquette greenschist area, and here similar de-
tailed studies and large collections were made. The present publica-
tion is the result of Professor Williams’s work, which has included the
detailed examination of about 400 thin sections made from the speci-
mens gathered.

‘While Professor Williams’s investigations have been going on, the
various other green schist areas named, so far as they lie within the

' Geol. Survey Michigan, vol. 4, 1881, p. 214,
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boundary of the United States, have been examined in considerable de-
tail, large collections and extensive field-notes having been gathered by
Prof. Van Hise, Messrs. W.N. Merriam and W. S, Bayley, and myself.
These additional collections are now quite thoroughly sectioned, and it
is hoped soon to study them in detail, and to offer a second contribution
to our knowledge of this impbrtant class of rocks. The present publi-
cation, however, deals only with the Marquette and Menominee areas.
Prof. Williams’s investigations having been directed especially to a
microscopicstudy of these peculiar greens chists, with the object of ascer-
taining whether such study would throw any light upon their original
condition ; it does not come within the province of his memoir to discuss
the geologic relations of the green schist masses as wholes. Neverthe-
less, it is almost unavoidable that some reference should be made in this
volume to these geological ®elations, and, since there has been a good
deal of difference of opinion as to them among the several geologists
who have written upon the Menominee and Marquette areas, it seems
necessary to explain briefly the different views that have been advanced,
including the conclusions to which my own studies have thus far led me,
though without attempting any general discussion of the subject for
the whole Lake Superior region. Such a discussionit is designed toleave
until exhaustive microscopic studies, like that of Professor Williams here
presented, shall have been extended over the other areas of similar rocks
above named. We shall then be in possession not only of all available
structural facts with regard to these peculiar rocks, but also of all that
the most refined methods of study can give us with regard to thejr in-
ternal texture and mineralogical composition.
. The map (P1. I) shows, in a general way, the distribution of the dif-
ferent kinds of rocks in the vicinity of Marquette. In preparing this

map, those by Brooks and Rominger, read in the light of my own studies

in this region, have been used. It should be said that a detailed map
of the Marquette district has not been attempted by the U.S. Geologi-
cal Survey as yet, partly because other more pressing work was in prog-
ress, and partly because without a thoroughly accurate topographieal
basis for such a map it has not been thought that much advance could
be made upon the several maps heretofore constructed. It is proposed,
however, to begin such topographical survey immediately, and upon
the basis thus prepared, to place everything exactly as it is seen, and,
- making use of all the latest mining developments, to attempt to work
out accurately and in detail the structure of the region in such a fash-
ion that what is inferred may be easily separated from what is actually
known. ' A

Upon the present map the large area colored for greenstone schists
is the one which came particularly under Professor Williams’s investiga-
tions. Northward this area is limited,in the eastern portion, by a great
spread of granitic and gneissic rocks. The line of demarkation between
the schists and the granites, however, is not a sharp one, since the

<«
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two seem to mingle more or less confusedly on each side of the some-
what arbitrary line indicated upon the map. Southward of this green-
stone-schist area, and again dovetailing into it on the north, are belts
of country occupied mainly by detrital rocks, such as quartzites and
various fragmental slates; with these, however, are large bodies of
crystalline limestone and several phases of ferruginous schist, all
of which have in common an entire lack of anything like a frag-
mental texture. In addition to these rocks these areas include also
sheets of diabasic greenstone, which are interbedded with the detritals
and ferruginous schists alluded to. On the south of the southernmost
of these detrital areas, in which are included all the well known iron
mines of the Marquette region, is again a large area of granitic and
gneissic rocks. :

The greenstone schists are affected generally by a vertical or nearly
vertical cleavage structure, to which the occasional banding of the
rock, suggestive of a sedimentary origin, is also parallel. The layers
of rock of which the detrital areas are composed are affected partly by
a similar cleavage structure, bat, on the whole, far less markedly so,
while the bedding of these rocks is as a rule very distinet, and indi-
cates a more or less open or gentle bowing of the layers, the dips being
at times southward and again northward, and usually at a much lower
angle than is the cleavage structure of the greemstone schists. At
times, however, particularly in the easternmost portion of the southern
of these two belts, the inclinations of the detrital rocks are much higher,
and then bedding and cleavage structure approach to parallelism with
each other, and with the cleavage structure of the greenstone schists
further north, While folded back and forth, these detrital areas show
for the most part an evident general synclinal structure; that is to say,
the layers of rock of which they are composed, as they appear along the
edges of these areas, dip inward towards their middle portions. Thus
the greenstone schists seem plainly to rise from beneath the higher de-
trital layers. As to the inferior position of these greenstone schists to
the detrital iron-bearing rocks, all geologists who have examined this
region would probably agree; at all events all those who have expressed
themselves with regard to the matter seem to have no hesitation con-
cerning it. ,

Foster and Whitney, whose classical work! gives the first compre.
hensive account of the geology of this region, do not appear to have
separated the greenstone schists from the other stratiform rocks in such
a fashion as to indicate their exact stratigraphical relations. All of
these stratiform rocks they appear to have looked upon as constituting
one great series, whose crumpled condition they attributed to the sub-
sequent eruption of the granite masses on either side of the single
trough, which they regarded the stratiform rocks as oceupying.? They

!Roport of the goology of the Lake Superior land district, by J. W. Fostor and J. D. Whituey, pt. 2.
The Iron Region, Washinzton, 1851.
2Ibid., p. 41, Fig. 5.
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appear, however, to refer especially to the greenstone schists in the
following: .

Many of the siates appear to be composed of pulverulent greenstone, as though they
might originally have been ejected as an ash, and subsequently deposited as a sedi-
ment, and pass by imperceptible gradations, from a highly fissile to a highly compact
state. * * * The slates are composed essentially of the same .ingredients as the
trappean rocks with which they are associated, and the main difference between
them may be that the one was the product of salses, ejected in the form of mud, while
the other was the product of volcanoes, ejected in molten streams.!

They appear also to refer especially to the greenstone schists when
they speak of the stratiform series as exhibiting greater alteration in
the vicinity of the masses of eruptive granite, than at distances from
these masses,?

J. P.Kimball, who wrote in 1864, considered the granitic and gneissic
masses on either side of the belt of stratiform rocks, as correspond-
ing to the Laurentian series of Canada, while he parallelized the whole
of the stratiform succession with the Huronian series of the north'shore
of Lake Huron, thus making the granitic and gneissic rocks the older
basement upon which all of the stratiform Huronian was subsequently
spread, wholly by aqueous agencies. None of the various rocks which
Foster and Whitney looked upon as eruptive, are thought by Kimball
to have had that origin, even the various greenstones being taken to be
metamorphic sedimentary material. In the case below Kimball appears
to refer particularly to the greenstone schists, which form our present
subject, and which, it thus appears, he looked upon as the basement
member of the Huronian succession. He says:*

. The gneiss which marks the boundary of the granite belts, and accordingly char-
acterizos the top of the Laurentian series in this region, the same as it is elsewhere
represented, is succeeded by dark colored hornblendic schists, which consequently
represent the base of the Azoic or Huronian series. These schists are followed by a
series of augitic rocks and schists, interstratified with magnesian hydrous rocks aud
slates, the two kinds of rocks being represented on the one hand by hyperstheue, pyr-
oxene, and bedded diorite passing into dioritic slates, and on the other by talcose
and chloritic schists. The former character of rocks prevails to such an extent as to
impart to the lower members of the Huronian series a distinctive augitic aspect.
The several rocks composing this aungitic zone are commonly of a greenish color, and
vary in this respect chiefly as to shade, resembling in this particular the Lower Slate
Conglomerate, which marks the base of the series in Canada, and from which they

seem to differ only in the absence of pebbles and bowlders from the subjacent Lau-
rentian rocks, which there form a dlstmgulshmg feature.5

1Report of the geology of the Lake Superior land district, by J. W. Foster and J. D. Whitney, pt.2.
The Iron Region, Washington, 1851, pp. 16, 17.

21bid., p. 14. :

3Am, Jour. Sci., 2d series, vol. 39, 1865, pp. 200-303.

47bid., p. 204.

57This snpposed similarity of the greenstone schists of Marquette to the Lower Slato Conglomerate
of Lake Huron is not borne out at all by later microscopic and field studies. Indeed, the two have
nothing whatever in common, unless the occasional greenish color of the Lake Huron rocks be taken to
indicate such a resemblance. The Lower Slate Conglomerate of Lake Huron, with its granitic and
gneissic pebbles, proves to be a most completely detrital and plainly water-formed mass composed chiefly
of fragments of quartz and feldspar, with the alteration products of the latter, the whole cemented by
a silicions paste. This statement is made only after a careful examination of the Lake Huron region,
and after the study of a very large number of thin sections from Logan’s so-called Lower Slate Con-
glomerate.
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T. B. Brooks, upon his detailed map of the Marquette district! leaves
blank the larger part of the area occupied by the greenstone schists
which now especially concern us, indicating here and there upon it,
however, the occurrence of belts of ‘“diorite” and of ¢ chloritic and
dioritic schists.” All of these rocks he evidently regards as belonging
conformably beneath the detrital quartzites and slates which form his
division No. V, of the iron-bearing series, which division appears in a
bold ridge along the northern edge of the southern of the two detrital
areas indicated on the outline map herewith. The diorites Brooks
classes lithologically with the greenstones interstratified with the de-
trital rocks themselves, though apparently looking upon them as be-
longing to much lower layers in the succession. In this lithological
correlation, as will be seen in the sequel, Brooks was largely correct,
gince the diorites of the greenstone schist area prove to be diabasic .
greenstones in dike form, and to be entirely similar lithologically to the
interbedded greenstones of the detrital oriron-bearing areas, with which
they are also presumably wholly contemporaneous. All of these rocks,
both massive and schistose, Brooks plainly regarded as metamorphosed
water-formed sediments. :

Wadsworth, writing in 18%0,> advocates in the main the views
presented by Foster and Whitney, as will be seen by the following
quotation :

The general structure of the country wounld seem to be as follows: The schists,
sandstones, etc., having been laid down in the usual way, were then disturbed by the
eruption of the jasper and ore; this formed the knobs of jasper, the banding belong-
ing to the flnidal structure, and not to sedimentation. Besides occurring in bosses,
the jasper was spread out in sheets, and intrnded through the rock in wedge-shaped
masses, sheets, and dikes. Much of the original rock still remained horizontal, and
new sedimentary deposits continued to be formed out of the jasper and the other rocks.
Next came the eruption of ¢ diorite,” which completed most of the local folding and
tilting of the strata. Finally, the granite ernption took place on both sides of the
¢ Huronian,” uplifting and contorting the strata near it, and perhaps laterally com-
pressing the inclosed iron-bearing rocks. 3

Dr. Wadsworth does not appear to express any particular opinion as
to the stratigraphical position of the greenstone schists of the area now
especially under consideration, speaking of them only in connection
with all the rest of the stratiform rocks of the region as older than the
adjacent granite areas. The greater part of these greenstone schists
he would seem to have looked upon as certainly sedimentary,* since he
records a number of observations going to show that there is no grada-
tion between them and certain dike-like masses oceurring with them,
using these observations in opposition to the ideas expressed by some
of his predecessors to the effect that inasmuch as the massive rocks and

1Geol. Survey, Michigan, 1873, vol. 1, Atlas pl. 3. See also pp. 99-104, same vol.

2 Notes on the Geology of the Iron and Copper Districts of Lake Superior. By M.E. Wadsworth
Bull. Mus. Comp. Zool. Harvard College, Whole Series, vol. 7 (Geol. Series, vol. 1 No. 1).

8Ibid., p. 75. ’ 4Ibid.; p. 37.

-Bull, 62——-2
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the schists grade into one another, the former are of sedimentary origin
as well as the latter. That there are genuine dikes intersecting these
schists and having no gradations into them, Professor Williains’sobserva-
tions recorded in this volume, as well as those by Rominger and others,
make very plain, although even in the case of these genuine later dikes
there are at times partially schistose forms produced apparently by
secondary dynamic agencies. On the other band, it will be seen from Pro-
fessor Williams’s descriptions that there are other massive forms among
these greenstone schists which do present every possible gradation into
the schists themselves, and must, therefore, be believed to have had a
common origin with them.

Rominger, in his account of the geology of the Marquette region,
published in 1881,! describes very fully the greenstone-schist area which
Professor Williams has studied. Rominger’s mapping of this area has
essentially been followed upon the small sketch-map accompanying the
present volume. The rocks of this area he describes under the gen-
eral head of the ¢ dioritic group,” which group he looks upon as form-
ing the basement member of the Huronian series within which he-would
include all the stratiform rocks of the region, considering it as placed
conformably beneath the detrital strata. The origin of the structure
of these greenstone schists he looks upon as having been a secondary
one, although he recognizes distinctly their intrusion by later genuninely
eruptive dikes. Inasmuch as in its more northern portion the green-
stone-schist area presents numerous bosses and veins of granite, he
considers these as proving the more recent origin of the great granite
masses lying both to the north and south of all stratiform rocks, thus
returning, as did Wadsworth before him, to the early expressed view
of Foster and Whitney, with whom he agrees also in considering that
the crumpling of all of the stratiform rocks, greenstone schists and de-
tritals as well, has been accomplished by the protrusion of the later
granite masses on either side. In the same volume, and upon bis map,
Dr. Rominger indicates numerous small arcas of massive and schistose
greenstones as occurring in the vicinity of Negaunee and Ishpeming,
within the district represented on the outline map herewith, as occupied
entirely by the detrital iron-bearing series. These masses he regards
as forming portions of his dioritic group, although at the same time
recognizing distinctly the fact that they occur at various horizons
among the detritals, which he looks upon as lying wholly above the
main mass of his dioritic rocks. This anomalous arrangement he ex-
plains by representing that the dioritic group, inasmuch as it lies at
the base of the entire stratiform series, comes directly into contact
with the granite protrusions, whose metamorphosing influence was so
great as to cause the fusion of a portion of these basement layers.
These fased portions, then, he imagines to have intruded thewmselves
in various shapes among the higher detrital layers.? This view, how-

! Geol. Survey Michigan, 1881, vol. 4, with map of Marquette region.
21bid., pp. 22-39, particularly pp. 87, 38.
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ever, Dr. Rominger subsequently abandoned, as will appear from the
following quotation from the manuscript of his last and yet unpub-
lished report :!

As from the massive form of the diorites a gradation ex1sts into the schistose con-
dition, and as schistose structure formerly appeared to me a positive proof of &
former sedimentary origin, I resorted in my previous report, in order to explain the
siilarity in the composition of the schists with the massive diorites, to the hypoth-
esis of a secondary fusion of the lower beds of sediments nearest to the focus of cen-
tral heat, and subsequent injection of the fused part into the folds and fissures of
the remainder of the strata, sitnnltaneously also the molten massto have been forced
into the fissures and crevices of the adjoining granite. I have since lost much of my
faith in this supposition, since I have convinced myself that schistose structure is
not necessarily the result of aqueous sedimentation, but that cooling eruptive masses
under circumstances can assume a schistose form. * * * Jam inclined to suppose
that these schists so intimately associated with massive diorite beds are a product of
their decomposition, under circumstances favoring the schistose arrangement of the
molecules, or, to speak in more definite terms, are a modified form of these eruptive
wasses, and do not refer to former sedimentary deposits. '

My examinations of the Marquette region, made at different times in
the summers of 1883, 1886, and 1887, have served to convince me thus
far of the correctness of the views of most of the geologists who have
examined the region with regard to the inferior position of the rocks of
the greenstone-schist area to the remainder of the stratiform rocks.
They have also served to impress me strongly with the probable cor-
rectness of the view which would make at least some granitic rocks sub-
sequent in point of time to the greenstone schists themselves, since the
latter are so intricately penetrated by granitic bosses and dikes in their
more northern portions.

I have also seen enough to make me confident that the dike masses
which cut the greenstone schists of this area are of wholly subsequent
date to the schists, and.indeed are equivalent in point of time to
those intruded sheets and masses which lie within the overlying de-
trital iron-bearing series. On the other hand, I have seen some reason
to suspect that nearly all previous geologists have been mistaken in
considering the rocks of the greenstone-schist area as belonging within
the same great geological period as that which holds the remainder of
the stratiform rocks of the region. In other words, it thus far appears
to me that there is good reason to believe that these greenstone schists
along with the grauites, gneisses, etc., formn a portion of the basement
upon which the overlying detrital iron-bearing series was once horizon-
tally and unconformably spread. That they do not constitute the con-
formably underlying basement beds of that series is suggested by a
glance at the map (Pl I), from which it will be seen that they do not
everywhere appear between the granite areas and the detrital rocks
themselves, the granite at times coming in coutact with them,and again
with the higher stratiform horizons. But this anomalous arrangement

! Greological Report on the Upper Poninsular of Michigan, exhibiting the progress of the work
from 1881 to 1884.
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might possibly be explained by the eruptive nature of the granite,
which, since eruptive, would come up indifferently at any horizon of
the rocks intruded by it. However, that the granite is not newer than
those stratified rocks which overlie the greenstone schists there appears
very excellent proof. At a number of points where the detrital beds,
which form the basemeunt members of the iron-bearing series proper,
come in contact with the granite, they contain its debris in a very notable
fashion, while they are entirely devoid of granitic veins, such as occur
where the greenstone schists come into contact with the granite. If,
then, the granites are of one general age, it appears manifest that they
are newer than the greenstone schists, but older than the overlying
strata. Moreover, there are several points on the contact line between
the detrital rocks of the iron-bearing series and the underlying green-
stone schists, where a conglomerate is to be seeu, in which are included
not only numerous granitic fragments, but also large sized pieces of the
greenstone schists themselves.

Since the occurrence of these basal conglomerates is a matter of so im-
portant a bearing on the geologic structure of this region, it is desira-
ble that the points of their occurrence should be briefly indicated here.
Beginning with the south side of the main, or southern area of the iron-
bearing series, indicated on the accompanying sketch map, it may be
noted in the first place that at several points along the contact line
in Secs. 1, 2, 3, 4, and 5, T. 47 N,, R. 256 W,, the basal quartzite of the
detrital series, which is in general made up almost completely of quartz
fragments cemented by a siliceous matrix, takes on a peculiar charac-
ter, containing at times a large quantity of pinkish orthoclase, along
with a good deal of sericitic mica. This peculiar rock was regarded by
Dr. Rominger as having been altered from the quartzite by its contact
with the more recently erupted granite. A study of the thin sectious,
however, reveals the completely fragmental nature, not merely of the
quartz, but of the feldspar pieces, while the sericitic ingredient appears
to have arisen from an immediate alteration of the feldspar fragments.
These teldspathic fragments, as also the quartz mingled with them, are
of the kinds characteristic of granite, and, moreover, are entirely iden-
tical with those oceurring in the granite with which this peculiar rock
is in contact. Southwest of Goose Lake, however, in Secs. 21 and 22,
T. 47, R. 26 W., there are much more obvious occurrences of gran-
itic débris. In the lower detritals of the iron-bearing series near the
- southwest quarter of section 22 may be seen layers of fragmental quartz
slate holding seams of granitic pebbles; while in the southeast quarter
of the same section contacts are seen between the fragmental quartzite
and masses of the granite, the quartzite at the contact being crowded
with bowlders and fragmental material of all sizes derived from the
granite. Itis not evident whether the granitic masses here seen are
brought to view by a fold of the strata, or are directly connected at
surface with the main granitic mass lying to the southeast of them, the
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exact outlines of the areas occupied by different rocks in this vieinity
having never been traced. These occurrences were noted by Dr. Rom-
inger,! who also describes similar ones as obtaining in the southwest-
ern portion of the same township. It should also be said that, at
numerous points along this line, the quartzite contains pebbly beds in
which the pebbles are of a quartzite whose microscopic features prove
to be those so well known as characteristic of the quartz of granite.

Turning now to the northern line of the same area we may note first
the conglomerate to be seen on the side of the so-called Stute Road,
running west from Marquette at a point near the west line of the SW,
} of the SE. } sec. 29, T. 48 N., R. 25 W. This is exactly on the line
between the greenstone-schist area and the area occupied by the detrital
rocks, which just here are thinly banded slates, standing vertical or
even overturned slightly so as to dip to the northward and to lie in gen-
eral conformity to the cleavage of the greenstone schists immediately
north. These slates, whose lithological character is one very commonly
met with at the base of the iron-bearing series in many different por-
tions of the Lake Superior region, are proved by the thin sections to
be quite beyond question water-formed detritals and at the same time
to present a most striking contrast with the hornblendic and chloritic
greenstone schists Jying immediately north of them. This contrast,
however, though very distinct in the thin section, is by no means so
pronounced in the hand-specimens which, though one sees that they are
of two different natures, might nevertheless be readily taken to be all
of the same origin. At the point indicated the fragmental slates become
crowded with large and small fragments of granite, quartz, and green
schist, the quartz pebbles usually being of rather small size, while those
of granite, which are the most numerous, are well rounded and reach as
much as two feet in diameter. The green schist pebbles, on the other
hand, are not so plentiful, but are still abundant and of all sizes, from
the smallest particles up to pieces a foot across. The larger schist
pieces are somewhat rounded, but in the main they are all far less so
than the fragments of granite and quartz. The thin sections cut from
the matrix of the rock show that it is completely of a detrital nature.
On the north side of Teal Lake, at both eastern and western extremities,
are found other conglomerates, in one case holding only quartz pebbles,
and in the other case pebbles not only of quartz, but of greenish schists
as well. A

Turning our attention now to the northern one of the two detrital
areas indicated on the sketch-map herewith (Pl. I), T may note the oc-
currence at a number of points along its southern margin of conglom-
eratic layers ot quartzite and sandstone, in which are contained peb-
bles of white quartz, which pebbles are at times identical in microscopic
and macroscopic appearance with the quartz of certain seams in the
greenish schists (as, for instance, on the west line of Sec. 20, T. 48 N, R.

! Geol. Survey, Michigan, vol. 4, 1881, pp. 62, 63.
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27 W.), or with that of the granite (as, for instance, near the middle of
the south half of Seec. 17, T. 48 N., R. 26 W.), against which different
rocks the quartzites rest indifferent places. Near the middle of Sec. 21,
T. 48 N., R. 27 W, the quartzite, resting here against certain agglom-
eratic green schists, contains not only fragments of quartz like that of
numerous seams in the green schists, but also pieces of the green schists
themselves, which in some cases are several inches in diameter.

But the most striking occurrences of bagal conglomerates upon the
edges of this area of detrital rocks are those to be met with in the
northern and western portions of T. 49 N., R.28W. One of these places,
to which my attention was first drawn by Mr. C. E. Wright, the state
geologist of Michigan, is on-the northwestern shore of Silver Lake, in
the SE. % of the NW. 1 of Sec. 8. Rising abruptly all along the north-
ern side of this lake is a bold ridge of granite with which are associated
several kinds of schistose rocks, very prominent among which is a fine-
grained green schist entirely analogous in general appearance to the
greenstone schists which form the special subject of this paper. At
the particular point to which attention is now directed, this granite pro-
trudes in places into the lake in low, shelving ledges, facing which, and
lying within the cracks of which, is a black cherty slate. Following
the shore along to the southwestward from these exposures, the cherty
slate is found more largely developed, occupying a large hollow in the
surface of the granite, and becoming crowded with its fragments of all
sizes, from a fine detritus np to pieces two feet in length. These frag-
ments, thongh prevailingly subangular to angular in outline, generally
present some evidence of water-wearing. Many of them are quite
gneissoid in structure, while others are more granitic, two principal
phases being thus presented. The thin sections made from the speci-
mens selected on the ground as characterizing these two phases of peb-
bles, and also the granitic and gneissoid phases of the granite against
which the conglomerate rests, show the entire indentity of the frag-
ments and the massive granite. In addition to the granite fragments
are rarer ones of white quartz, these occasionally being of some size,
and others of a greenish schist entirely analogous to that green schist
which oceurs here in situ along with the granite. The matrix of this
conglomerate is a dark gray to nearly black, carbonaceous, cherty slate,
which in the thin section shows a predominating quantity of a cherty,
chemically deposited silica, with which are mingled varying proportions
of fragmental material, this fragmental material being composed of
pieces of quartz and feldspar, and again, when the pieces become coarser,
of a granite in which these same minerals are attached to each other.
At times, as is so commouly the case among the cherty rocks of the
iron-bearing series getierally, throughount the Lake Superior region, there
is a brecciated condition in this slaty matrix itself; that is to say, irregu-
lar, angular pieces of the carbonaceous cherty material are cemented
together by a matrix of the same substance. Quite similar occurrences
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are meb with near the center of Sec. 19, of the same township, where
black cherty slate and quartzite lie upon the east and south flanks of a
bold hill of granite ; both slate and quartzite, and particularly the lat-
ter, being crowded with fragments of the granite, which range from
small pebbles up to pieces a foot or more in diameter, the smaller sized
pebbles being usually quite well rounded, while the larger fragments
are subangular to angular.

Such occurrences as these, when considered in connection with the
manner in which the granite penetrates the greenish schists and is in-
volved with them, seem to render necessary the belief that, while it is
plainly younger than the green schists, it is nevertheless greatly older
than the overlying detrital rocks; and more than this, that when the
latter rocks were spread, the granites and greenstone schists tdgether
had already suffered disturbance and deep denudation. It does not
appear possible to escape this conclusion by supposing that, since
granite and greenstone schists are eruptives, they may have furnished
fragments to almost contemporaneous sedimentary deposits; for, in
the first place, both the greenstone schists and the gneissoid granite
must have received their schistosity before yielding the fragments.
Moreover, whatever may have been the depth at which the schistose
rocks were first formed, the granitic masses which intruded them, ac-
cording to all the later developments and doctrines of petrography,
must have been crystalized in depth, and must therefore have had re-
moved from over them great masses of materials befor